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1 km = 1000 m

1 inch = 2.54 cm = 25.4 mm
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.0396 sq mi = 1 sq km
¹ Fish length (in mm) and weight (in g) are rounded to the nearest whole number.
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PREFACE

This book is about the natural history of fishes in Eastern Washington.
It is published in four volumes, each approximately 400–600 pages
in length. Volume I contains chapters 1-5. Chapter 1 covers information about taxonomy and how the data on life history of fishes presented in this monograph were collected. Chapter 2 provides checklists of both extant (living) species and extinct (fossil) fishes found
in eastern Washington. Chapter 3 covers the history of the fisheries
exploration in eastern Washington and provides information about
the biologists who gave scientific names to each species of fish or
discovered the mechanisms of salmon migration. Chapter 4 covers information about the geologic history of eastern Washington
and the fossil fishes found there. It also provides information about
the relationship between ground water (aquifers) and surface water
(lakes and streams) in eastern Washington. Chapter 5 provides an
overview what is known about the distribution and stock status of
fishes in each mainstem reservoir of the Columbia and Snake rivers,
and in each eastern Washington tributary of the Columbia and Snake
rivers. A list of acronyms is provided after the Table of Contents, a
List of Tables and a List of Figures for Volume I.
Volume II contains Chapters 6-13. Chapter 6 provides a key to the families of fishes that inhabit eastern Washington. Chapter 7 covers the Family
Petromyzontidae (lampreys). Chapter 8 covers the Family Acipenseridae
(sturgeon). Chapter 9 covers the Family Clupeidae (herrings). Chapter 10
covers the Family Cyprinidae (carps and minnows). Chapter 11 covers the
Family Catostomidae (suckers). Chapter 12 covers the Family Ictaluridae
(catfishes). Chapter 13 covers the Family Escocidae (pikes).
Volume III contains Chapters 14-17 on the Family Salmonidae
(salmon, trout, charr, whitefish and grayling). Chapter 14 covers
general information about the Family Salmonidae. Chapter 15 covers the Family Salmonidae, Subfamily Coregoninae (whitefishes).
Chapter 16 covers the Family Salmonidae, Subfamily Salmoninae
(salmon, trout and charr). Chapter 17 covers the Family Salmonidae:
Subfamily Thymallinae (grayling). One volume is devoted entirely

to salmonid fishes because the salmonids of the Columbia River
Basin are the most intensively studied fishes in the world.
Volume IV contains Chapters 18-26. Chapter 18 covers the
Family Percopsidae (trout-perches). Chapter 18 covers the Family
Gadidae (cods). Chapter 20 covers the Family Poeciliidae (livebearers). Chapter 21 covers the Family Gasterosteidae (sticklebacks).
Chapter 22 covers the Family Cottidae (sculpins). Chapter 22 covers
the Family Centrarchidae (sunfishes). Chapter 24 covers the Family
Percidae (perch). Chapter 25 discusses species that are rare or with
uncertain status. Chapter 26 describes the history of limnological
exploration of eastern Washington. Volume IV also contains a literature cited section-that is approximately 350 pages in length-of all
the references cited in each volume. Two appendices are included
in volume IV. Appendix I provides definitions of terms used in fish
identification. Appendix II was prepared by my colleagues Dr. Flash
Gibson and Dr. Bruce Z. Lang. It compiles information about identification and life history of all the invertebrate organisms that have
been found in the diet of eastern Washington fishes.
At this time Volume I is done and Volumes II, III, and IV are
complete in draft form. I anticipate the remaining volumes will appear by June 2012, August 2012 and December 2012 respectively.
I started writing this book 10 years ago. I have been steadily
collecting the data contained in these volumes for the past 32 years.
I received help along the way from numerous Eastern Washington
University graduate and undergraduate students, and from many
biologists working for federal, state and tribal fisheries and natural
resource agencies (many of whom are listed individually in the acknowledgements). I am indebted to these individuals for making
this book possible.
Allan T. Scholz
Cheney, Washington
11 April 2012
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CHAPTER 1
Introduction

This book is about the natural history of extant and fossil fishes
that occur in eastern Washington. The specific target area was east
of the crest of the Cascade Mountain range, in the Columbia River
Basin upstream of Bonneville Dam within the borders of the state
of Washington.
This book contains dichotomous keys to the families of fishes
found in eastern Washington. For each family there is also a dichotomous key to species. The keys will work only for fishes found
in eastern Washington, the Panhandle region of north Idaho
(north of the Clearwater River) and the Columbia River drainage
of western Montana and southern British Columbia. They are not
designed to identify fish in other areas because a different set of
fishes would be present.

ORGANIZATION OF THE BOOK
This book is organized into 26 chapters. Chapter 1 describes the
purpose, content, and organization of the book. It contains notes
on the species concept, fish identification, classification, scientific
nomenclature, and information about how fish distribution records
were obtained. Since this book provides details about age, growth
and food habits and stock assessments of the various species, I have
also provided a brief description about the methods employed for
aging, estimating growth, assessment of food habits, and estimating populations of fish. Chapter 2 provides a checklist of species
(both extant and fossil) arranged by order and family that have been
documented to occur in eastern Washington. Chapter 3 provides an
overview of the ichthyological exploration in eastern Washington
and presents brief biographical sketches about the individuals who
named each species of fish. Chapter 4 describes how paleohydrology
and interrelationships between aquifers and surface water have influenced the biogeographical distribution of indigenous fish in eastern Washington. Chapter 5 describes the geography of the Columbia

and Snake rivers and their principle tributaries. It includes a synoptic list of fishes found in each of the Columbia and Snake mainstem
reservoirs, and in each of the eastern Washington tributaries of these
rivers. Chapter 6 presents a key to the families of fishes of eastern
Washington. Chapters 7–24 each describe one family (or subfamily)
of fishes found in eastern Washington. Each of these chapters is organized in the same way. Life history information is presented first,
followed by a dichotomous key to the species contained in that family. Individual species accounts, arranged in alphabetical order by
scientific name, contain information on identification of the species,
including: (1) a list of the principle identifying characters that are
easy to discern in the field; (2) photograph(s) of the species; (3) a list
of confirming characters that include morphometric measurements,
and meristic counts; (4) a list of similar species together with information on how to distinguish them; (5) a phonetic pronunciation of
the scientific name; (6) a list of common names for the species; (7)
taxonomic notes about the species; (8) a list of scientific synonyms
for the species; and (9) a distribution map with extensive notes on
distribution and stock status of the species. Chapter 25 describes
rare species with uncertain status. Chapter 26 provides an overview
of what is known about limnology in eastern Washington.

BIOLOGICAL/MORPHOLOGICAL
SPECIES CONCEPTS
Individual species can be described by their external appearance
(morphology) and by their ability to interbreed with other individuals that are members of their species. A biological species is
defined as a population of individuals that can successfully interbreed either with other individuals in their population or with an
individual from another population of the same species, but which
do not successfully interbreed with individuals of another species.
Thus, biological species are reproductively isolated from one an-
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other and represent different kinds of organisms. Implicit in this
definition is that the haploid gametes produced by the parents
form a viable diploid zygote that is fertile upon reaching sexual
maturity. For example, all individuals of the brown trout Salmo
trutta can successfully interbreed with each other but not with
brook trout Salvelinus fontinalis. When brown trout are bred with
brook trout, a hybrid tiger trout will result that is sterile, just as a
donkey bred with a horse forms a sterile mule.
Species are usually recognized by the number of types of differences in their morphological characters (external appearance).
For example, a largemouth bass Micropterus salmoides is obviously
a different species from a brown trout because the largemouth has
two dorsal fins (spiny and soft) and spines in the anal fin, whereas
the brown trout has one soft dorsal fin and no spines in the anal fin.
Brown trout also have an adipose fin, which largemouth bass lack.
Thus, they represent morphological species.
Conversely, similarity in morphological characters may indicate
that the two species are closely related or even that some interbreeding (hybridization) occurs. For example, the morphological characters of the cutthroat trout Oncorhynchus clarkii overlap those of the
rainbow trout Oncorhynchus mykiss almost completely. Moreover,
rainbow and cutthroat trout will hybridize in the wild to form viable offspring that will be fertile at maturity. However, cutthroat and
rainbow trout usually do not interbreed with each other in nature,
indicating that some type of reproductive isolating mechanism is
maintaining the subtle difference between them. Reproductive
isolating mechanisms include pre-zygotic (before the zygote) and
post zygotic (after the zygote) barriers. Pre-zygotic barriers prevent
mating or hinder fertilization in the event mating does occur. Postzygotic barriers reduce viability of the hybrid zygote or prevent it
from developing into a fertile adult. Some of the common types of reproductive isolating barriers and fishy examples are listed in Table 1.1.
Table 1.1

Examples of some reproductive isolating mechanisms in fishes.

Types of Barriers

Isolating Mechanism

Pre-zygotic

Geographic isolation

Although coho and Chinook salmon spawn at about the same time in geographic proximity,
coho tend to spawn in shallow headwater tributaries and Chinook tend to spawn in deep main
rivers. Homing behavior of salmon to natal tributaries may also result in geographic isolation.

Temporal isolation

Coho salmon and steelhead trout spawn in the same headwater tributaries but coho spawn in
the autumn and steelhead spawn in spring.

Behavioral isolation

Each species of salmon exhibits a distinctive “mating ritual.” Conspecific partners respond appropriately but a different species may not, causing mating to grind to a halt.

Mechanical isolation

Morphological differences prevent successful mating. For example, in closely related livebearing
fishes (i.e. fish that give birth to live young instead of laying eggs) such as mosquitofish, males
have an anal fin modified into a “intromittent organ” or gonopodium that functions as copulatory organ that is inserted into a female’s genital pore to achieve internal fertilization. In each
species, male and female genitalia match up but the gonopodium of one species often does not
match well to the genital pore of a female of a different species (Wischnath 1993)

Reduced hybrid viability

Chinook sperm crossed with coho eggs resulted in only 3 healthy fry from 1,183 eggs; coho sperm
crossed with Chinook eggs resulted in 15 fry (all abnormal) from 673 eggs (Forester 1935b).

Reduced hybrid fertility

Northern pike hybridize with muskellunge to produce “tiger muskellunge.” Most offspring are
viable but males are always sterile. Females, however, are frequently fertile and will back cross
with either parent (Becker 1983). In some lakes with mixed populations of northern pike and
muskellunge, hybrids may account for up to 50 percent of the population.

Hybrid sterility

Brown trout hybridized with brook trout to produce tiger trout. Most offspring survive but both
males and females are sterile (like mules).

Post-zygotic

2

Biologists consider species to be dynamic (constantly changing over time) because individuals contain genes composed of deoxyribonucleic acid (DNA). What makes species different is their
DNA. The DNA contains instructions (genotype) for making certain proteins that are responsible for an organism’s phenotype (i.e.,
morphological traits that give an organism its external appearance). The DNA is organized into genes, with one gene responsible
for the manufacture of one protein. Some genes regulate structural
proteins that are involved in the architecture of anatomical or
morphological characters (thereby controlling an organisms appearance), while others regulate enzyme proteins that regulate an
organisms metabolism and physiology. Thus, DNA (genes) cause
the zygote (first cell of an embryo) to develop into a multi-cellular
organism that resembles the parents.
The DNA can accumulate random mutations over time, which
produces variation among the individuals in a population. This
variation results in the presence of alleles (alternate forms of the
same gene) in a population of organisms. A population of a species
can be described by the frequencies of different types of alleles for
each genetic trait. If a population is stable (in what is called HardyWeinberg Equilibrium), the frequency of alleles and genotypes
controlling each genetic trait remains constant from generation
to generation. If the frequency of alleles and genotypes is different from generation to generation, especially if it is changing continuously in one direction, the population is said to be evolving.
Microevolution is defined as a change in allele frequencies of a
population. One mechanism, but not the only one, that can cause
microevolution is natural selection.
In a way natural selection is like artificial selection, when a
breeder repeatedly, over several generations, crosses two individuals that have a well developed trait to enhance that trait. What
the breeder is doing is selecting which individuals breed with

Example
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each other instead of allowing them to mate randomly. Different
breeds of dogs, cats, cattle, horses, sheep and varieties of vegetables and grains that look very different from each other and from
their original parents were developed in this manner. The various
breeds have allele frequencies that are different from each other
and from their original parents, which are responsible for the difference in physical appearance. Of course, individual offspring of
those breeds could be selectively bred backwards, or with each
other, so that after several generations the offspring of both breeds
would more closely resemble the parent type and each other. In
some cases, however, breeds are so different from one another they
may not be able to easily breed with one another. For example, a
male Chihuahua may not be physically able to easily copulate with
a Great Dane (pre-zygotic barrier: mechanical isolation).
In natural selection, the environment plays the role of the
breeder by selecting which organisms will survive to breed with
each other and pass their alleles to future generations. Alleles for a
particular trait that are useful (i.e., those that enable the individual
to survive to breeding age) will be passed on. Alternate alleles for
the same trait that don’t tweak it in a way that is useful for survival
may not be passed on. Thus the allele frequency in that population
will change over time and the physical appearance of individuals in
the population will change over time.
The allele frequency of another population of that species
which is reproductively isolated from the first may undergo similar
change but in the opposite direction because the local environment
places a different set of constraints on survival. Thus, different reproductively isolated populations of the same species may begin to
diverge in their physical appearance. In each case, the environment
naturally selects individuals with alleles that are best adapted to it.

CLASSIFICATION AND
LIFE HISTORY STRATEGIES
Fishes are arranged in a taxonomic hierarchy that reflects their
morphological resemblance and evolutionary relationships. Orders
(which are identified by the suffix –iformes as in Salmoniformes) are
groups of similar families. Families (which are identified by suffix
–idae as in Salmonidae) are groups of related genera. Subfamilies
(which are identified by the suffix –inae as in Salmoninae) are
groups of closely related genera. Genera are groups of closely related species. Species are groups of individuals (populations) that
can successfully interbreed with each other. Subspecies are populations of species that have been geographically isolated from each
other for some time, so they are beginning to look different from
each other. Populations are interbreeding individuals.
Populations of migratory fishes that display natal homing (return to the place of their birth) during reproductive migrations
are called stocks or races. Usually the accuracy of their homing
is so precise that they are effectively isolated from other populations of the same species that are homing with equal precision to
their own home tributaries. Each stock is usually distinguished
either by unique alleles only found in that stock or by alleles
that are held in common among stocks but at a distinctive frequency. Because small numbers of migratory fish from each
home tributary are known to stray, home tributary populations
are not totally reproductively isolated. Instead they could be
considered “a population of populations” or what geneticists and
conservation biologists call a metapopulation. The flow of ge-

netic information between stocks in a metapopulation prevents
inbreeding depression, and increases genetic variability. A run
is a group of migratory populations (stocks) that enter a river together (or in temporal proximity). For example, Chinook salmon
entering the Columbia River are divided into spring, summer
and fall runs. Spring Chinook enter the Columbia from March
to May and migrate past Bonneville Dam by late May. Summer
Chinook enter the Columbia River in June and July, with the majority passing Bonneville Dam in early July. Fall Chinook enter
the Columbia River in August and September, with the majority
passing Bonneville Dam in early September. Runs are arbitrary
constructs. Chinook salmon are considered to be spring Chinook
one day and summer Chinook the next. Each run is composed
of a number of stocks, some of which spawn in tributaries below
and others in tributaries above Bonneville Dam.
Migratory fish populations are usually characterized by having
a multiplicity of life history strategies: anadromous, potamodromous (adfluvial, fluvial), and / or resident. Within one stock, some
individuals may be anadromous, some may be potamodromous
and others may be resident. Anadromous fishes are born in freshwater, migrate to forage in the ocean and back into freshwater
again to spawn. Their life cycle is typically semelparous (i.e., they
die after they spawn once) and they usually exhibit natal homing.
Potamodromous fishes migrate between breeding areas and foraging areas in freshwater. They are prone to be iteroparous (spawn
more than once) and make annual migrations back and forth between spawning grounds and feeding grounds. Often they exhibit
site fidelity to both habitats.
Potamodromous fish are one of two types: fluvial or adfluvial. Individuals with fluvial life histories are born in a tributary,
migrate into a larger river where they feed and mature, then migrate back into the same tributary where they were born to spawn.
Individuals with adfluvial life histories are born in a river and
migrate to a lake to forage and mature before returning to spawn
in their natal tributary. Some adfluvial stocks make a round trip
migration from a tributary into a larger river before reaching a lake,
returning by the same route.
Individuals with secondary adfluvial life histories had ancestors that historically exhibited a fluvial life history but were forced
into becoming adfluvial when a dam converted a lotic (free-flowing) river environment to lentic (placid water) lake environment.
Fish making this conversion from river to reservoir habitat were
faced with certain problems. For example, they had probably
evolved to feed in flowing water on aquatic insects crawling along
the gravel substrate on the bottom of the river, on aquatic insects
that had become dislodged from the bottom and were floating
downstream in the drift, or on terrestrial insects blown into the
river and drifting downstream. Conversion to reservoir habitat often reduces the availability of these types of foods, but increases
abundance of zooplankton. Hence, if a species was going to successfully adapt to a secondary adfluvial life history, it would have
to switch from a diet of aquatic insects to a diet of zooplankton.
Individuals with resident life histories are born and remain in
one habitat for their entire lives. River dwelling resident fish often
stake out a home territory. They may make short distance migrations within the occupied river (or tributary) between spawning
and feeding grounds. Lake dwelling resident fish may move inshore to spawn along gravel, cobble and rubble shoreline or may
remain offshore and spawn on deepwater reefs.
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A few species are pelagic spawners; their eggs drift and develop
in the water column. Pelagic spawning is rare among freshwater
fishes because of the danger of eggs drifting onto shore and becoming desiccated before they can hatch.

FISH IDENTIFICATION AND CLASSIFICATION
Fish are classified into orders (indicated by the suffix –iformes),
families (- indicated by the suffix –idae), subfamilies (indicated
by the suffix –inae), genera and species. There are 57 orders, 482
Families, and 24,600 living species of fishes; of which 14 orders, 17
Families, and 76 species occur in eastern Washington. The classification scheme presented in this book was based primarily on the
system presented by Nelson (1984, 1991, 2006) and Helfman et al.
(1997, 2009). This section contains information on how to identify
and classify fishes. Diagrams or photographs illustrating important morphological and anatomical characters, used in classification are provided. A glossary of morphological terms is included
in an appendix at the end of the book (in Volume IV).
Fishes belong to the Phylum Chordata: Subphylum Vertebrata.
Chordates are distinguished by the presence of four characters at
some point in their life cycle: (1) A notochord (rod-like supporting
structure along the back); (2) A dorsal hollow nerve cord above the
notochord; (3) pharyngeal gill slits that develop from outpocketings
of the pharynx and (4) post anal tail. Vertebrates are characterized
by (1) Differentiation of the anterior end of the dorsal hollow nerve
cord into a brain; (2) development of a skull surrounding the brain;
(3) strengthening of the notochord as a supporting and protecting
structure of the nerve cord. During development segmented blocks,
of cartilage form around the notochord and dorsal hollow nerve
cord. These eventually form a cartilage template of the vertebrae. The
skull forms around the brain in a similar manner. Eventually, nerves
and blood vessels anastomose to the cartilage templates of the skull
and vertebrae and cause these structures to ossify (form bone). The
notochord is incorporated into the centrum of the vertebrae. This
gradual transformation of the notochord into the bony base of the
vertebrae occurs in nearly all vertebrates, including most fishes.
However, about 800 species of fishes in the class Chondrichthyes
(G. chondro = cartilage, ichtyes = fish) retain the cartilage templates throughout their lives. Additionally, a few primitive species of
bony (ray-finned) fishes (e.g. sturgeon) in the class Actinopterygii:
Subclass Chondrostei also retain not only the cartilaginous template
of the skeleton but also the notochord throughout their lives.
The presence of jaws is also characteristic of most vertebrates, including most fishes. However, the most primitive fishes lacked jaws.
Fishes are classified into Superclasses based on the absence or presence
of jaws. Those lacking jaws are classified in the Superclass Agnatha
(G. A = without, -gnatho = jaws). Those with jaws are classified in the
Superclass Gnathostoma (G. gnatho = jawed, stoma = opening). Three
species of jawless, fishes belonging to the Order Petromyzontiformes;
Family Petromyzontidae (lampreys) occur in eastern Washington.
They are easily distinguished based on the presence of an oral hood
(in juveniles) or sucking disc with circumoral teeth and rasp-like
tongue (in adults). They also lack paired fins (pectoral and pelvic
fins). All of the other species of fishes found in eastern Washington
are gnathostomes with jaws and paired fins. The gnathostomes are
divided into the Class Chondrichthyes (cartilaginous fishes), Class
Sarcoptyergii (bony fishes with lobed fins and swimbladders often
modified into a lung), and Class Actinopterygii (bony fishes with
4

rayed fins and swim bladders used primarily to maintain buoyancy or
hydrostatic equilibrium in the water column). Most of the fishes that
occur in eastern Washington are actinopterygians.

Linnean hierarchy
Fish are classified using a hierarchal arrangement initially developed by Linneaus ( 1758 ) that is supposed to reflect the evolutionary relationships among them. Categories commonly employed in
the hierarchy include:
Phylum
		Subphylum
			Superclass
				Class
					Subclass
						Infraclass
							Order
								Family
									Subfamily
										Genus
											 Subgenus
												Species
													
Subspecies
Most of the fish in this book belong to the Class Actinopterygii
(the ray finned fishes), Subclass Neopterygii (recent rayfinned
fishes), so we will generally classify them into Order, Family,
Genus, and Species. Subfamily, Subgenus, and Subspecies names
are also occasionally employed. Thus, Pacific salmon belong to
the Order Salmoniformes, Family Salmonidae, and Subfamily
Salmoninae. Whitefishes, which belong to the same order and family as Pacific salmon but different subfamily are classified in Order
Salmoniformes, Family Salmonidae, Subfamily Coregoninae. A
dagger symbol (†) in front of a taxon indicates that taxon is known
only in the fossil record.

Scientific and common names of fishes:
a guide to scientific nomenclature
A quick reference guide to scientific nomenclature is presented
in Figure 1.1.
Scientific names are Latin binomials i.e., two Latinized names.
The first letter of the first name, the generic name (genus), is always capitalized. The second part of the name is called the trivial
name or specific epithet. The first letter of the trivial name is always written in lower case. The species name always includes both
the generic and trivial names, not just the specific epithet.
Species scientific names, generic names and specific epithets,
are always either italicized or underlined. Therefore, the scientific
name of the sockeye salmon is written as either Oncorhynchus
nerka or Oncorhynchus nerka. In this book I wrote all scientific
names in italics. Another convention often used to shorten written
communication is that after the scientific name is written once it
can be subsequently abbreviated by writing the first letter of the
generic name followed by a period, then the specific epithet. For
example, the abbreviated scientific name of the sockeye salmon is
O. nerka. A dagger symbol (†) in front of a scientific name means
that species is only known from the fossil record.
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Example: interior Columbia Basin rainbow (redband) trout.

Order: Salmoniformes

Suffix -iformes identifies Order. Order
name capitalized.

  Family: Salmonidae

Suffix -idae identifies families.
Family name capitalized.

    Subfamily: Salmoninae

Suffix -inae identifies subfamily.
Subfamily name capitalized.

      Genus: Oncorhynchus

Generic name capitalized and written
in italics.

        Subgenus: Oncorhynchus (Rabdofario)

Subgeneric name capitalized, written
in italics and enclosed in parenthesis
following generic name.

          Species: Oncorhynchus mykiss

Species name includes generic name
(capitalized) and specific epithet
(trivial name) (not capitalized). Both
names italicized.
Subspecies name follows specific
epithet, not capitalized and written
in italics.

            Subspecies: Oncorhynchus mykiss gairdneri

              Common (vernacular) name: Rainbow trout

Rainbow trout name approved by the
American Fisheries Committee on
Names of Fishes

Scientific name of redband rainbow trout:
Oncorhynchus (Rhabdofario) mykiss gairdneri (Walbaum, 1792)

Genus name
L. Onco = hooked and
rhynchus = snout.
A secondary sexual
characteristic of
spawning male
salmon and trout.

Figure 1.1

Subgenus name
Name given to
Pliocene (5–2 MYBP)
fossil relative of rainbow trout that lived
in Lake Idaho, an
enlargement of the
Snake River in southwestern Idaho.

Specific epithet
Vernacular name
used by Kamchatkan
natives and adopted
as the specific epithet
by the discoverer.

Subspecies name
honored Dr. Merideth
Gairdner, a British
naturalist who explored the Columbia
Basin in the 1830’s.

Discoverer’s name
and date
specific epithet first
applied. Name in
parentheses means the
specific epithet is currently in a different genus than the discoverer
first used. Walbaum
originally called this
fish Salmo mykiss. If not
enclosed in parentheses, the generic name is
the same one used by
the discoverer.

Quick reference guide to classification and scientific names of fishes.
A. T. Scholz
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The Latin (or sometimes latinized Greek) names, when translated into English (etymology), usually convey information about
the morphology or behavior of the species. For example, the scientific name of the Pacific lamprey is Lampetra tridentata. The generic
name Lampetra is derived from the Greek words lambere (to suck)
and petra (stone), and means sucker of stone. This name describes
their behavior of attaching to rocks by means of their sucking
disc. The trivial name tridentata is derived from the Latin words
tri (three) and dentat (tooth) and means three-toothed. The name
refers to three cusps on their supra-oral tooth bar. Occasionally,
one of the Latin binomials may be a Latinized version of a proper
name to honor the discoverer or given by the discoverer to honor
another person. For example, the trivial name of the western brook
lamprey, Lampetra richardsoni Vladykov and Follet, 1965 honored
Sir John Richardson, author of Fauna Borealis Americana, the first
publication (in 1836) to describe a large number of fishes from the
Pacific Northwest.
In this book, I have provided the etymology of each term of
the Latin binomial for each species. [For this purpose I consulted
D. J. Borror (1960) Dictionary of Word Roots and Combining
Forms: Compiled from the Greek, Latin and other Languages with
Special Reference to Biological Terms and Scientific Names. Mayfield
Publishing Company, Palo Alto, California. 134 pp.]
Subgeneric names are italicized (or underlined) and written in
parentheses. The first letter of the subgeneric name is capitalized.
The subspecies name is also italicized (or underlined) but the first
letter is not capitalized. Subspecies names are not placed in parenthesis. For example, the generic, subgeneric, species and subspecies
names of the rainbow trout of the interior Columbia River Basin
would be written: Oncorhynchus (Rhabdofario) mykiss gairdneri.
The classification of interior (redband) rainbow trout of the
Columbia Basin would be:
Phylum
Chordata
Subphylum
Vertebrata
  Superclass
   Gnathostoma (jawed fishes)
  Class
   Actinopterygii (ray finned fishes)
  Subclass
   Neopterygii (modern bony, rayfinned fishes=teleosts)
   Order Salmoniformes
    Salmon, trout, charr, whitefish, grayling
      Family
      Salmonidae
        Subfamily
        Salmoninae
        Genus
        Oncorhynchus
        Subgenus
        Oncorhynchus (Rhabdofario)
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          Species
          Oncorhynchus mykiss
          Subspecies
          Oncohynchus mykiss gairdneri
Subgeneric and subspecies names are usually reserved to convey information about evolutionary relationships. For example,
use of the subgeneric names (Oncorhynchus) for Pacific salmon
and (Rhabdofario) for rainbow trout indicates two evolutionary lines (the salmon and the trouts) among the Salmoninae in
the Genus Oncorhynchus. In nature, members of Oncorhynchus
(Oncorhynchus) are usually fall spawners, whereas members
of Oncorhynchus (Rhabdfario) are usually spring spawners.
Subspecies names are sometimes given to populations of species
that are geographically or behaviorally isolated so that they usually do not normally interbreed. For example, four subspecies
of cutthroat trout have been documented in Washington. These
include: coastal cutthroat trout Oncorhynchus clarkii clarkii, westslope cutthroat trout Oncorhynchus clarkii lewisi, Yellowstone
cutthroat trout Oncorhynchus clarkii bouveri, and Lahontan cutthroat trout Oncorhynchus clarkii henshawi. Two subspecies of
rainbow / steelhead trout also occur in Washington. The subspecies
names gairdneri and irideus indicates that interior rainbow / steelhead Oncorhynchus mykiss gairdneri and coastal rainbow / steelhead
Oncorhynchus mykiss irideus are reproductively isolated from each
other (by geographic isolation) and that each subspecies is starting
to become adapted to local environments in each geographic area
as indicated by some distinctive morphological differences. The interior (redband) subspecies usually has more scales along the lateral
line row, a dash of red beneath the jaw, and vestigial basibranchial
teeth. These traits are absent in the coastal subspecies.
To be complete the scientific name of the discoverer who first
named and described that species and the year of publication are
attached at the end of the name. The reason for this convention is
that most species have been named several times by different taxonomists who did not realize that the species had been previously
named. For example, for many years (from about 1896–1992), the
rainbow trout was called by the name: Salmo gairdneri Richardson,
1836. Note that the author’s name is not italicized when writing the
scientific name. Later it was discovered that Richardson’s Salmo
gairdneri was the same species as the Kamchatkan trout: Salmo
mykiss Walbaum, 1792.
In situations where a species was named more than once, the
International Committee for Zoological Nomenclature has established rules about which name has priority. In general, the name
that was first published in the scientific literature has priority over
the later name(s). Thus, the specific epithet mykiss had priority
over the specific epithet gairdneri. The current name of the rainbow trout is written: Oncorhynchus mykiss (Walbaum, 1792).
Scientific names, common names, and taxonomic relationships of fishes found in North American are arbitrated by a joint
Committee of the American Fisheries Society (afs) and American
Society of Ichthyologists and Herpetologists (asih). The committee meets periodically (about once every 10 years) to update the list
and publishes these revisions as American Fisheries Society Special
Publications under the title Common and Scientific Names of Fishes
from the United States and Canada. The first edition was published
in 1948 (afs Spec. Pub. #1), followed by revised editions in 1960 (#2),
1970 (#6), 1980 (#12), and 1991 (#20). The most recent (6th) edition

Fishes of Eastern Washington: A Natural History

Introduction

was published in 2004 (#29) (Chute et al. 1948; Bailey et al. 1960,
1970; Robins et al. 1980, 1991; Nelson et al. 2004).
Although the committee generally strives to conserve scientific
names so they maintain consistency over time, the committee occasionally changes the name of a species when new biological information becomes available, especially information that provides
insight into evolutionary relationships. One example was the recognition of bull trout, Salvelinus confluentus (Suckley, 1858) as a
separate species from Dolly Varden, Salvelinus malma (Walbaum,
1792) in the 1980 edition. Prior to this both species were called
Salvelinus malma. Cavender (1978) recognized the bull trout as a
valid species based upon morphological, morphometric and meristic comparisons to Dolly Varden. The committee agreed with Dr.
Cavender’s analysis and assigned a distinctive name to the bull
trout. Later, biochemical genetic investigations using allozymes
(Crane 1991; Crane et al. 1994) and DNA (Grewe et al. 1990; Pleyte
1991; Phillips and Pleyte 1991; Phillips et al. 1992, 1994) confirmed
that the DNA of bull trout and Dolly Varden was different.
Species are also described by one or more common (or vernacular) names. Since there are diverse regional names, the afs / asih
Committee on Names of Fishes has attempted to standardize them
to one common name. The common names used in this book are
the afs approved common names. However, for each species a list
of alternative common names or local names is provided so the
reader can associate the recommended common name with one
that may be more familiar.
In making decisions about changing names, members of the
Committee try to satisfy two criteria: (1) stability of the scientific
name (nomenclature), and (2) consistency with probable evolutionary relationships. Stability of nomenclature is important so
that fish biologists can communicate with each other and collectively recognize that they are talking about the same species. If the
name changes frequently, accurate communication becomes more
difficult. In general, names are stable unless it can be shown that
there is a valid, older species name. What makes a name valid is
that it is associated with a description of diagnostic characters that
unmistakably identifies the fish.
The other principle reason for changing a name or position in
the taxonomic hierarchy is that new information becomes available about evolutionary relatedness. The first “modern” system
employed for classifying fishes was developed by Petrus Artedi
in 1732, and utilized by Carolus von Linne (Carl Linneaus) as the
basis for his classification of fishes in the Systema Naturae (1758)
a century before Charles Darwin and Alfred Russell Wallace working independently published their ideas about natural selection
and survival of the fittest in 1858. Darwin subsequently expanded
these ideas into the Theory of Evolution with the publication of
the Origin of Species in 1859. Since Artedi’s categories still form the
basis for most of the modern taxonomic fish hierarchy, it contains
precious little information about evolutionary relatedness at any
level. However, a goal of modern taxonomists is to develop a hierarchal arrangement that reflects the evolutionary relationships
among species.
This was the reason why the name of the rainbow trout was
changed from Salmo gairdneri Richardson, 1836, a name by which
it had been called for over 100 years, to Oncorhynchus mykiss
(Walbaum, 1792) in the 1991 edition of the afs book on fish names
(Robins et al. 1991). This change was made because a cladistic analysis by Smith and Stearly (1989) indicated that Pacific trout should

be put in the genus Oncorhynchus because they were more closely
related to Pacific salmon Oncorhynchus than to Atlantic salmon and
trout Salmo. The specific epithet was also changed because Smith and
Stearly had recognized that Salmo gairdneri from North America
was the same species as Salmo mykiss from Kamchatka where it was
named by Walbaum in 1792, 44 years before the North American
specimens had been named by Richardson in 1836. According to the
International Rules of Zoological Nomenclature, the oldest available
specific epithet must be used to form the species name; so mykiss
had priority over gairdneri, forcing the name revision.
When it was first classified, the rainbow trout, although it was
native to the Pacific, was placed in the same genus (Salmo) as
Atlantic salmon and trout rather than in the genus Oncorhynchus
of the Pacific salmon. This classification was based on relatively
few distinctive characters. For example, the Pacific trout as well
as Atlantic salmon and trout, had short (square) anal fins with 12
or fewer rays, white mouths and were iteroparous (spawned more
than once). In contrast, the Pacific salmon had longer (rectangular)
anal fins with 13 or more rays, black mouths and were semelparous
(spawned only once during lifetime). Later, when several morphological and osteological characters were examined by cladistic
analysis it was determined that Pacific trout, especially rainbow
trout, had more traits in common with Pacific salmon than they
did with Atlantic salmon and trout (Smith and Stearly 1989: Stearly
and Smith 1993). DNA analysis also confirmed that Pacific trout
were more similar to Pacific salmon than Atlantic salmon and trout
(Berg and Ferris 1984; Okazaki 1984; Wilson et al. 1985; Thomas et
al. 1986). Thus, the generic name of the rainbow trout was changed
from Salmo to Oncorhynchus in 1992. This name change was made
because it better indicated the evolutionary relationships and divergence of Pacific salmon and trout than leaving the Pacific trout
with the Atlantic salmon and trout (which are currently thought to
represent different lines of evolutionary divergence).
In the name Oncorhynchus mykiss (Walbaum, 1972), note that the
discoverers name and date of publication are written in parenthesis. The discovery is still credited to the person who first named the
species, not the person who first named the genus. This convention
(using parenthesis around discoverers name) conveys information
to a taxonomist that the generic name is currently different than the
genus in which the species was originally described. For example,
the name Lampetra richardsoni Vladykov and Follet, 1965, informs
us that Vladykov and Follet placed the western brook lamprey in the
genus Lampetra in their original description of the species. In contrast, the name Lampetra tridentata (Gairdner, 1836) tells U. S. that
Gairdner originally used the specific epithet with a different generic
name in his original description of the Pacific lamprey.
Two types of information have been employed since the mid1970s to make inferences about evolutionary relationships, genetics (protein and DNA), and cladistic analysis involving:
1. The morphological characters that make up the species phenotype (appearance), and
2. Nucleotide base sequence of genes, or amino acid sequences of the proteins produced by those genes (i.e.,
genotype information that regulates the phenotypic
appearance).
Recent developments in biotechnology have enabled fish geneticists to rapidly determine sequences of nucleotide bases in the
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fish’s DNA and compare the nucleotide base sequence of several
individuals in each of two species. The amount of within species
variation is compared to the amount between species variation to
determine the degree of similarity or difference. Thus, taxonomists
make changes in names and placement of fish in Orders, Family,
Genus, Subgenus, Species and Subspecies when new genetic or cladistic information becomes available.

Pronunciation
Pronunciation of Latin binomials can be intimidating and even
some professional ichthyologists have trouble pronouncing them,
especially since Latin is rarely taught in our public school systems.
For example, I have heard ichthyologists pronounce the generic
name for the bridgelip sucker Catostomus, both Că-tō-stō-mŭs and
Căt-ŏst-ō-mŭs (bold type denotes accent placement). The preferred
way is to reflect the Greek or Latin roots of the word. Since the
Greek roots are Cato-(down), pronounced cătō, and –stom(us)
(mouth), pronounced stōmŭs, the preferred pronunciation is the
first. Borror (1960) and Nelson and Paetz (1992) established guidelines for pronouncing scientific names. The following recommendations are adapted from their work.
1.

All vowels (A, E, I, O, U and sometimes Y) in scientific names are pronounced. Construct syllables
with 0–3 consonants and one vowel each. Strive for a
ratio of one consonant–one vowel. Break consonants
between syllables.

Examples:
Catostomus
Coregonus		
Lota			
Percopsis		
Salmo 		
Tinca			
2.

Ca-to-sto-mus
Co-re-go-nus
Lo-ta
Per-cop-sis
Sal-mo
Tin-ca

a-cu-le-āt-ŭs
Aculeatus 		
			
(the -āt- syllable is pro-		
			
nounced with a long A as 		
			
in ate rather than a short A as in at)
carpio		 car-pĭ-ō
			(pronounced car-pee-o)
5.

If the first letter and third letters are vowels, pronounce the first letter as a long vowel sound. Stand it
alone as the first syllable.

Examples:
Salmonidae		
Sal-mon-id-āe
couesius		 coues-i-us
			(pronounced cows-ĭ-us)
6.

Examples:
On-co-rhyn-chus
Oncorhynchus		
gor-bus-cha
gorbuscha		
			(pronounced gor-bŭs-ka)

7.

In names beginning with PS, pT, ct, cn, gn or mn the
first letter is not pronounced but when these letters
occur together in the middle of a name the first letter
is pronounced.

If the fist letter is a vowel followed by two consonants, the vowel and fist consonant constitute the
first syllable.

Gnathostomata
Gna-tho-stom-ăt-ă
			(pronounced
			Nath-o-stom-ătă)
Pteropod 		Pter-op-od			
			(pronounced Ter-o-pod)
arcticus		 arc-tic-us
Mic-rop-ter-us
Micropterus		
8.

Examples:
osculus		 os-cul-us
asper			as-per
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In Latin “c” and “ch” are pronounced “k” as in cat,
and “ph” is pronounced “f ” as in physiology.

Examples:

Acipenser		 A-ci-pen-ser
Alosa			A-lo-sa
alutaceus		 a-lu-ta-cē-us

4.

Certain vowels that occur together are called diphthongs and pronounced as a single vowel. The most
common diphthongs in scientific nomenclature are
ae (pronounced either as ā or ē), oi (pronounced as
in oil), ei (pronounced ī), au (pronounced as in auk
or au jus) and ua, ue, or ui (all pronounced “w” as in
quack, or quest).

Mylocheilus		
My-lo-che-il-us
			(pronounced My-lo-keel-us)
Phonoxis		
Pho-nox-is			
			(pronounced Fō-nox-is)

Examples:

3.

Examples:

The accent is usually on the penultimate or antepenultimate syllable in short names. There may be
another accent on a syllable near the beginning of
long names.

Examples (one accent):

If two vowels occur in a row, make a syllable break
between them.

Rhinichthys		
Prosopium		

Fishes of Eastern Washington: A Natural History
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Lampetra		
Pomoxis		

Lam-pet-rá
Po-mox-iś

use for the analysis depended upon the experience and judgment
(i.e., subjectivity) of the investigator.
With the advent of computer technology, all possible characters
for which information was available were coded into numbers and
examined by crunching the numbers with a computer program. The
main advantage of this technique was that all characters were given
equal weight, so the analysis was not influenced by the subjective
bias of the investigator. Thus, this technique provided more rigorous,
repeatable and objective data. Organisms with the greatest percentage of characters in common clustered together and were assumed
to be most closely related to one another. However, phylogenetic relationships cannot necessarily be inferred because both divergence
produced by cladogenesis and convergent evolution could account
for similarity of structure. While divergence is an evolutionary
process that implies common ancestry, convergent evolution occurs when two unrelated organisms look alike because they have
adapted to similar ecological niches. Thus, although numerical classification provided a stable classification scheme, it was uncertain if
the scheme reflected the evolutionary history of the taxon.

Examples (two accents):
Ptychocheilus
Platyrhynchus		

Pty-chó-che-il-uś
(pronounced
Pty-kó-kēēl-uś)
Pla-tý-rhyn-chuś

9. When a person’s name is used as a scientific name the
normal convention the suffix -i, -ii or -ius is usually
added to the name. When two I’s are used the first I
is pronounced as an e or short I and the second I is
pronounced as a long i. When a place name is used
as a scientific name the normal convention is to add
the suffix –ensis or –us.
Examples (person’s name):
Couesius		 Coues-i-us
Richardsonius		
Richardson-i-us
			(Rich-ard-so-ni-us)
richardsonii		
Richardson-ii
			(Rich-ard-so-nĭ-ī)

Cladistics

Examples (place name):
oregonensis		
columbianus		

or-reg-on-en-sis
Col-um-bi-an-us

With a little practice Latin names roll off the tongue in a melodious tune that actually helps biologists to remember the distinguishing characters that identify the species. In this book, I have
included information about the pronunciation of each scientific
name. Each name is broken into syllables and phonetic pronunciations to assist the reader with the correct pronunciation.

Cladistics is a phylogenetic systematics technique developed by
German biologist Willi Hennig (1950). Henning’s monograph,
originally published in German, was not translated into English
until 1966. Publication of the translation immediately triggered
a revolution in fish systematics and evolution. Cladistics emphasizes descent from a common ancestor as the basis for constructing cladograms. Thus, the goal of cladistics is to discover genealogies. Most modern fish classification, including the classification
scheme used in this book, employs cladistics for grouping fish.
Cladistic analysis divides phenotypic (or genetic) characters
into two groups:
1.

Ancestral or general characters that are shared by
a smaller number of extant and fossil taxa because
they are evolved from a common ancestor that possessed the same traits are called plesiomorphies.
Pleisiomorphics are ancestral (primitive) characters
that are shared for the whole group of organisms in
a taxon.

2.

More recently evolved, derived or advanced
characters within a taxon are called apomorphies.
Apomorphies are shared derived characters, or evolutionary novelties that are unique to a particular clade.

Taxonomy and Systematics
A taxon (plural taxa) can be a Species, Genus, Family, Order, Class
or Phylum of organisms, i.e., any category in a Linnean hierarchy.
Taxonomy and systematics are the branches of biology involved
in naming organisms (nomenclature), devising identification keys,
and describing / arranging biodiversity into a system of classification that ideally indicates branching evolutionary relationships
among Species, Genera, Families, and Orders. Cladograms (phylogenetic trees) are branching diagrams used to illustrate these relationships. Cladograms are so called because the point where one
species gives rise to two incipient species is called cladogenesis.
Early taxonomists (before Darwin) classified organisms based
on a few diagnostic morphological characteristics or behavioral
traits. This strategy had the unfortunate side effect of placing organisms that were unrelated in the same taxa. After Darwin, related organisms, i.e., those descended from a common ancestor,
were thought to share homologus structures (phenotype) because
the internal heredity factors (genotype) that produced them was
uniform. In general, the greater the number of similar phenotypic
characters organisms shared, the closer their evolutionary relationship was supposed to be. The number of homologus characters
shared by organisms was used to construct phylogenetic trees. This
strategy was biased because decisions about which characters to

Primitive characters shared by a large number of extant and
fossil taxa because they are evolved from an ancient common
ancestor that possessed the same traits are called symplesiomorphies. Symplesiomorphies may be retained by a wide variety of
unrelated taxa, so they are not especially useful for detecting evolutionary lineages.
Characters shared by extant organisms because they have evolved
from a recent common ancestor that possessed them are called synapomorphies. Synapomorphies are derived characters that are
shared by a subset of the whole group of organisms in a taxon.
Specialized characters found only in one group within a taxon
are called autopomorphies. Autopomorphies define the group but
are not useful for detecting evolutionary lineages because they are
not shared by any other group in the taxon.
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The goal of cladistics is to find synapomorphies that define
valid clades. A valid clade is a monophyletic group. A monophyletic group contains an ancestor species and all its descendents. A
paraphyletic group consists of an ancestor species and some, but
not all, of its descendants. A polyphyletic group contains taxa that
lack a common ancestor. For example, one interesting result of a
cladistic analysis based on morphological characters presented by
Stearly and Smith (1993) was that the Pacific trout (rainbow and
cutthroat trout), long thought to be ‘kissing cousins’ because they
can hybridize and produce fertile offspring, were polyphyletic, i.e.,
did not share a common ancestor.
The cladogram produced by cladistic analysis is thus a sequential record of the emergence of evolutionary novelties (shared
derived characters) that define a clade and, therefore represents
the sequence of origin of new groups of organisms. Monophyletic
groups are identified by having at least one synapomorphy at each
node (branching point of the cladogram). In cladistic analysis the
group(s) of organisms most closely related to the taxon under
study is (are) called a sister group(s).
Decisions about whether a character is plesiomorphic or apomorphic is based upon outgroup comparison. An outgroup is a
group of organisms that are phylogenetically close to the taxon under study. Characters found both in the outgroup and in the group
being studied are considered to be ancestral (primitive).
Usually, hundreds of characters – all weighed equally – are
examined simultaneously in a cladistic analysis to reduce subjectivity and bias. Thus, a taxon can potentially be defined by
several synapomorphies, some of which relate it to a lineage
forming one clade while other synapomorphices may relate it to
a lineage forming a different clade. The Principle of Maximum
Parsimony is used to sort out this confusion. Parsimony principle is also called “Occam’s razor” after Franciscan mendicant
and philosopher William of Occam (1285–1349 AD) who resided
at the papal court of Pope John XXII in Avignon, France when
he articulated the medieval rule of parsimony, which stated that
“entities are not to be multiplied beyond necessity” i.e., when
choosing among several factors that could potentially account
for a cause-and-effect relationship, the simplest explanation
should be applied first. In selecting among conflicting lineages
in a cladistic analysis, the computer software program PAUP
(Phylogenetic Analysis Using Parsimony, Swofford 1993) is used
to find the simplest (most economical) tree.
For cladograms based on morphological characters, the most
parsimonious tree is the one that contains the fewest evolutionary
events in the form of shared derived characters. For cladograms
based on DNA sequences, the most parsimonious tree is the one
that requires the fewest nucleotide base changes. Because DNA mutates (nucleotide bases are substituted) at certain rates, phylogenetic trees can be found that reflect the most likely sequence of the
evolutionary events. This is called the Principle of Maximum likelihood. Computer software programs that compare the percentage
differences in base sequence between taxa have been developed to
search for trees that are both parsimonious and likely.
Cladistic data is subject to the same foibles as numerical taxonomy. Namely, two unrelated groups could potentially appear
to be related because of convergent evolution. However, because
characters are subdivided into ancestral and derived characters,
cladistic analysis is thought to reduce (minimize) the possibility
of confusing phylogenetic relatedness with convergent evolution.
10

AIDS TO IDENTIFICATION OF FISHES
Characters that are used to identify fish are shown in Figures 1.2
and 1.3, and described in more detail in the glossary. In general,
characters useful for fish identification fall into one of four categories: anatomical, morphological, morphometric, and meristic.
Anatomical characters (traits) are internal characters that require dissection to observe. Anatomical characters useful in fish
identification classification include the bones of the skull, vertebrae and fin girdles, type of swimbladder, and modifications of
the digestive tract. The gastrointestinal tract is usually a straight
tube, with little differentiation between the stomach and intestine
in planktivores, insectivores and piscivores; whereas the intestine
is highly convoluted in herbivores.
Morphological characters (traits) are external characters that
can be seen on the surface of the body, and in the mouth or gills.
Morphological characters that are most important for fish identification and classification include the shape / form of the body;
the types, shapes and arrangement of fins; type of scales; mouth
and teeth; structures associated with the gills such as gill rakers,
pharyngeal teeth, and branchiostegal membranes; gill covers; and
structures associated with the skin such as scutes, keels, lateral
plates, and spawning tubercles.
One morphological character that is less important for fish identification is color. Fish have several types of pigment cells (melanophores and iridocytes) embedded subcutaneously in the skin and
use them to blend in with their background. Also many species have
distinctive spawning coloration that is markedly different from their
usual color. When sockeye salmon Oncorhynchus nerka were first
named, individuals of the same species were given different scientific names because the red-colored spawning fish looked so different
from the silver colored prespawning fish with iridescent blue backs.
The spawning fish were commonly called “redfish.” The prespawning
fish were commonly called “bluebacks” (Figure 1.4). However, fish do
possess certain contrasting color patterns or colored spots that can
be useful for identification. For example, among the Salmoninae, all
charrs (Salvelinus spp.) have light colored spots on a dark background,
whereas all Pacific salmon and trout (Oncorhynchus spp.) and all
Atlantic salmon (Salmo spp.) have dark spots on a light background.
Fish possess teeth on many bones, not just in the upper and
lower jaws. Teeth are usually (but not always) present on the premaxillary and maxillary bones that form the upper jaw, and on
the dentary bone that forms the mandible (lower jaw). Teeth may
also potentially be present on the head and shaft of the vomer (a
median bone that runs along the center of the roof of the mouth)
and the palatine bones (paired bones on the roof of the mouth that
are medial to the maxillaries and lateral to the vomer). In the floor
of the mouth, teeth may be present on the tongue (called lingual
or tongue teeth) and / or behind and underneath the tongue on the
hyoid bone (called hyoid or basibranchial teeth). In some species,
teeth are present on the 5th gill arch (called pharyngeal teeth).
The presence or absence of teeth on various bones can be
a useful keying character. For example, one characteristic that
separates cutthroat trout Oncorhynchus clarkii and rainbow trout
Oncorhynchus mykiss is the presence of basibranchial teeth on the
hyoid bone. Cutthroat trout usually have them; rainbow trout usually don’t. In another example, one character that distinguishes the
minnows (Family Cyprinidae) is the absence of teeth in the upper and lower jaws, and in the bones of the floor and roof of their
mouths. However, they have highly developed pharyngeal teeth.
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Morphology and anatomy of a primitive (ancestral) fish. A) External morphology (side view). Note that the pelvic (ventral)
fins are in the abdominal position; B, C) head morphology (side views); D) naris (one or two nasal openings); E) cycloid scale;
F) side view of gill region; G) tooth bearing bones on roof of mouth (ventral view); H) tooth bearing bones on floor of mouth
(dorsal view; I, J) gill region (ventral view) in fish with sub-terminal (I) and terminal (J) mouths; (K) anatomy (side view) illustrating principal internal organs.
A. T. Scholz
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Morphology and anatomy of an advanced (derived) fish. (A) Morphology (side view) having pelvic fins in thoracic position (below and slightly behind the pectoral fins); (B) morphology showing position of the pelvic fins in the jugular
position, anterior to the pectoral fins. Compare these positions to the thoracic position of the pelvic fins in Figure 1.2a.
Note also that the base of the pectoral fin is oriented vertically in Figure 1.3a and 1.3b and horizontally in Figure 1.2b;
(C) morphology showing alternate shape of operculum; (D) morphology of a ctenoid scale; E) anatomy (side view)
illustrating principle internal organs.
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B

Figure 1.4

Color is generally not useful for fish identification. (A) Sockeye salmon in the ocean (top) have silver sides and iridescent
blue backs and were called by the common name "bluebacks." Mature sockeye adults develop red spawning coloration
(bottom), and a kype (hooked snout) and nuchal hump (secondary sexual characters in males), and were called by the
common name "redfish." George Suckley (1861) failed to recognize that the two forms represented different life history
stages of the same species. He named the bluebacked variant Salmo richardi and the red variant Salmo cooperi. Both
names were later synonymized with Oncorhynchus nerka (Walbaum, 1792). (B) Three torrent sculpin collected from the
same pool in Sherman Creek (Ferry Co.) had three distinctive colors. The light colored fish was over a patch of sand. The
gray colored fish was caught next to a gray rock. The dark colored fish was caught under an undercut bank. In each case
the fish's color helped it to blend in with the background.
A. T. Scholz
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Morphometric characters can be measured using a calipers
or measuring tape. Some standard measurements, illustrated in
Figure 1.5, and defined in the glossary, include: total length, standard length, fork length, snout length, head length, gape width,
body depth, caudal peduncle length, caudal peduncle depth,
length of base of dorsal and anal fins, and eye, pupil and orbital
lengths. Total length is the maximum length of the fish from the
tip of the snout to the tip of the tail when the caudal fin is squeezed
together. Fork length is the distance from the tip of the snout to
the tip of the middle ray of the caudal fin. Standard length is the
distance from the tip of the snout to the base of the caudal peduncle. Morphometric measurements are usually presented as ratios
in comparison to body length; e.g., head length to the body length.
See Hubbs and Lagler (1958, 1964) for good descriptions of how to
make morphometric measurements and meristic counts. Making
morphometric measurements is time consuming work, making
these characters impractical for rapid field identification.
Meristic characters are countable characters such as the number of vertebrae, fin rays, branchiostegal rays, scales in the lateral
line row, scales above or below the lateral line row (Figure 1.5), or
gill rakers on first gill arch. One advantage of making meristic
counts is that the data are useful for making statistical comparisons between species or populations. A second advantage is that
meristic counts will often diagnose two closely related species. For
example, both longnose sucker Catostomus catostomus and largescale sucker Catostomus macrocheilus closely resemble each other.
Both species have subterminal mouths bordered by large lips with
papillae. In both species the lower lip is usually completely divided
into right and left lobes by a cleft along the midline. One diagnostic
character that unmistakably separates the two species is the number of rays in the dorsal fin. Longnose sucker have 9–11 and large
scale sucker have 13 or more dorsal rays.
It is not unusual, however, for two closely related species to overlap in meristic counts. For example, mountain sucker Catostomus
platyrhynchus and bridgelip sucker Catostomus columbianus both
have incompletely cleft lower lips, with at least 2–4 rows of papillae
crossing the midline at the base of the cleft. Mountain suckers have
10–11 dorsal rays whereas bridgelip suckers have 11–14 dorsal rays;
so a fish with 11 dorsal rays cannot be identified based on meristic
counts of dorsal rays.
Moreover, there are two disadvantages to using meristic characters. First, meristic counts are time consuming to make. In field
studies, where large numbers of fish are handled, it may not be
possible to make meristic counts of every individual. Second,
some meristic characters are subject to environmentally induced
phenotypic plasticity (Lindsey 1981). For example, Lindsey (1981)
determined that the lake whitefish Coregonus clupeaformis was
typically a bottom feeder with few, short gill rakers in lakes where
they occurred with ciscoes, e.g., Coregonus artedi, or C. autumnalis,
which are small whitefishes with more, longer gill rakers adapted
for feeding on zooplankton in the limnetic zone. However, in lakes
where ciscoes were absent, lake whitefish occupied both benthic
and limnetic habitats. Benthic lake whitefish had short, stubby gill
raker spaced far apart whereas limnetic lake whitefish that fed on
zooplankton had gill rakers that were longer and spaced closer
together. Moreover, artificial transplants of benthic lake whitefish
into lakes that had a vacant ecological niche for limnetic planktivores resulted in a rapid change in gill raker counts from the
benthic to the limnetic type (Lindsey 1981). See also reviews by
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Ricker (1972), Taylor (1991), Behnke (1972), Beacham (1985, 1988),
Beacham and Murray (1987, 1988, 1989), Hendry et al. (2000), and
an anthology of papers in Hendry and Stearns (2004) for more
information on how rapidly morphological, morphometric and
meristic characters can change to produce locally adapted populations of salmonids.
Taylor (1991) defined local adaptation “as a process whereby natural selection increases the frequency of traits within a population that
enhance the survival or reproductive success of individuals expressing
them.” The meristic variation is already present within the gene pool
of a species because most traits are normally distributed in a bell
shaped curve. Individuals with high or low counts tend to be rare in
the population (at the tails of the curve), so they are not usually observed. Natural selection can potentially unmask this variation very
rapidly if the variants at the high or low end of the curve have a selective advantage that increases their reproductive fitness. In the case of
the lake whitefish, individuals in a population with more, longer gill
rakers would gain a selective advantage over the norm with fewer,
shorter gill rakers in lakes that had a vacant ecological niche for limnetic planktivores. Fish with normal gill raker counts and lengths
would be held in check by the availability of the finite benthic food
supply. In contrast, individuals with high gill raker counts could
strain zooplankton in the limnetic zone. Assuming that zooplankton
abundance was high because the niche was vacant, the small number
of whitefish in this group would have an unlimited food supply to
tap into, thereby increasing the likelihood that they would survive to
reproduce, thus increasing the frequency of their genes in the population. The number of individuals with numerous long gill rakers
in the population would likely initially increase geometrically then
level out as their abundance approached the carrying capacity of the
zooplankton in the environment, following the pattern for a logistic
growth curve. Eventually the frequency distribution of lake whitefish
gill raker counts in the lake would resemble a bimodal distribution.
In lakes that already had an efficient limnetic planktivores,
lake whitefish with numerous, long gill rakers would likely be
outcompeted for zooplankton by that species. Additionally, since
zooplankton populations were already being cropped by the other
planktivore, the zooplankton food supply was not unlimited; so
it is unlikely that the number of lake whitefish with long, numerous gill rakers could grow geometrically. Also, lake whitefish with
fewer, shorter gill rakers would continue to maintain their selective
advantage for consuming benthic organisms. These factors would
combine to keep the frequency of lake whitefish with numerous,
long gill rakers low among all of the lake whitefish in the lake.
Although considered to be evolutionary in origin because they
are brought out by natural selection, some local adaptations occur
at blazing speed (i.e. within a few generations – tens to hundreds
of years) instead of at the sedate pace (i.e., thousands or millions
of years) normally associated with gradual evolution. For example,
Hendry et al. (2000) showed that divergence of kokanee salmon
occurred within about 20–25 generations or within about 75–100
years after planting in Lake Washington. Because certain meristic
characters (e.g., gill rakers counts) can change so rapidly, their utility for identifying species has been called into question.
Since an aim of this book is to promote easy, accurate field
identification of fishes, I have minimized meristic counts as primary identification characters except where they are particularly
useful to diagnose a species. Instead, I have listed some important
meristic counts as confirming characters.
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origin
standard length
fork length
total length
Figure 1.5

Some different morphometric measurements. This diagram also illustrates the methods for making meristic counts of scales.

COUNTING MERISTIC CHARACTERS
This section is intended as a guide for how to make meristic counts.

Fin Ray Counts
There are three types of fin rays:
1.

Soft rays are usually segmented and branched at the
distal end (See Figure 1.6). Soft rays are present on
both ancestral and derived Neopterygians;

usually unbranched. In some species the last dorsal and / or anal
ray is rudimentary and appears to share a base with the branched
ray preceding it. In this case the last unbranched ray is excluded
from the count unless otherwise specified. By convention softrayed counts are recorded in Arabic numerals. Thus the anal fin
of bluegill Lepomis macrochirus, which always has 3 true spiny
rays and usually 11 (range 8–11) soft rays, is recorded as III + 8−11.

Gill Raker Counts

making meristic counts of gill rakers, the total number (well
re 1.4. Some different morphometric measurements.Indeveloped
This
diagram also illustrates the methods fo
+ rudimentary) on the first (most anterior) gill arch is
2. True spiny rays are unsegmented, unbranched, bony
counted on one side of the body. The gill arch must be dissected
stic counts of scales.
and sharp (Figure 1.6). Spiny rays are found on deout to make an accurate count. The gill arches are bent like a boomerang, so gill raker counts are sometimes presented as the number on the lower limb and the number on the upper limb with the
two figures separated by a + sign. In this book, all gill raker counts
represent total counts unless otherwise stated.

rived Neopterygians (spiny-rayed fishes); and

3.

False spiny rays are actually hardened soft rays. They
are stiffer and stouter than true spiny rays. They
often have sharp barbs on the posterior edge, in
some cases making the posterior edge serrated (sawtoothed). When present, they usually are represented
as a single spine on the dorsal and / or pectoral fins
(Figure 1.6). In eastern Washington, false spiny rays
occur only in carp, and goldfish (Family Cyprinidae),
and catfishes and bullheads (Family Ictaluridae).

Branchiostegal Ray Counts

In making meristic counts of fin rays all true spiny rays in any
fin are counted. By convention spiny ray counts are recorded in
Roman numerals (Figure 1.6). When counting soft rays, all rays
are counted in pectoral or pelvic fins. On the dorsal and anal fins,
only the principle rays are counted. Principle rays include the
number of branched soft rays plus one or two unbranched soft
rays, all of which have their own base. The first and last rays are

In making meristic counts of branchiostegal rays, the number of
rays attached to the hyoid arch is counted. Usually the counts are
presented as the number of branchiostegal rays attached to the
ceratohyal bone plus the number attached to the epihyal bone,
two of the bones that comprise the hyoid arch. The two figures
are separated by a + sign (# attached to ceratohyal + # attached to
epihyal). Thus redfin pickerel Esox americanus have a total of 12 or
13 branchiostegal rays with 5 + 7−8 on each side and northern pike
Esox lucius usually have a total of 15 branchiostegal rays, usually
7 + 8, on each side.

A. T. Scholz
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Methods for making meristic counts of dorsal fin rays on a fish with one (A) or two (B) dorsal fins and anal fin rays on a
soft-rayed (C) or spiny-rayed (D) fish. See text for explanation for how these counts are made.

Scale Counts
In making meristic counts of scales, the number of scales in the
lateral line are counted between the cleithrum (shoulder girdle)
underneath the operculum (gill cover) and the hypural plate at
the posterior base of the last caudal vertebrae (where the caudal
fin connects to the caudal peduncle). These scales are recognized
by the presence a pore in the middle of the scale that connects to
the lateral line canal. In a few species, pored scales of the lateral
line extend onto the caudal fin. In this case, the count is still terminated at the hypural plate. In some other species, the lateral line is
incomplete (does not extend all the way to the base of the caudal
fin). In this case, the lateral line count is still made to the end of the
hypural plate.
The number of scales above the lateral line is made starting at
the anterior insertion of the dorsal fin and counting down and
backwards along the oblique row of scales to the lateral line (Figure
1.5). The number of scales below the lateral line is made starting at
the anterior insertion of the anal fin and counting upward and forward along the oblique row of scales to the lateral line (Figure 1.5).

Pharyngeal Tooth Formulae
In making meristic counts of pharyngeal (throat) teeth in minnows (Family Cyprinidae), the left and right fifth gill arches must
be dissected out. Each bone bears 1–3 rows of teeth, the number
of teeth in each row are counted from left to right. A pharyngeal
tooth formula of 2, 4–4, 2 would indicate that the fish has two
teeth in the outer row and four teeth in the inner row of the left
arch, and four teeth in the inner row and two teeth in the outer
row of the right arch (Figure 1.7). The pharyngeal tooth formula
in combination with the shape of the teeth (e.g. canine-like, mo16
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Figure 1.6

V VI VII VIII

lar-like) can be used to diagnose many species of minnows (e.g.,
2, 5–4, 2 or 2, 5–5, 2 canine-like and hooked, in northern pikeminnow Ptychocheilus oregonensis and 1, 5–5, 1 molar-like, with distinct grinding surfaces, in peamouth Mylocheilus caurinus). The
pikeminnow use their teeth like a shredding machine to dice up
fish and aquatic insects. The peamouth use their teeth to crush
snails.

Pyloric Caeca Counts
In making meristic counts of pyloric caeca, the body cavity of the
fish must be opened and the stomach dissected out by cutting at
the esophagus (anterior) and at the pylorus (posterior) ends. The
pyloric caeca are a branching network of ducts connected to the pylorus end. They secrete digestive enzymes and absorb water. Pyloric
caeca are particularly well developed and highly variable in number
among salmonid fishes. For example, coho salmon Oncorhynchus
kisutch and sockeye salmon Oncorhynchus nerka have about 45–
115, and Chinook salmon Oncorhynchus tshawytscha have about
98–210, and cutthroat trout Oncorhynchus clarkii have about 27–57.
Pyloric caeca are enumerated by counting all the tips.

ARRANGEMENT OF FISHES IN THIS
BOOK / FAMILIES OF EASTERN
WASHINGTON FISHES
With the exception of lampreys (Class Agnatha), which are characterized by the absence of jaws and paired fins, all of the fishes
found in eastern Washington belong to the Class Actinopterygii
(ray-finned fishes), Subclass Neopterygii (characterized by bony
skeletons and rayed fins). One Order / Family, Acipenseriformes
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D

Figure 1.7

Pharyngeal arches of: (A) a minnow with shredding pharyngeal teeth (northern pikeminnow); (B) a
minnow with grinding / pulverizing pharyngeal teeth (carp); (C) a largescale sucker with one comblike row of pharyngeal teeth; (D) photograph of pharyngeal arches of a northern pikeminnow.

/ Acipenseridae (sturgeons), belongs to the Subclass Chondrostei
(the most primitive group of Actinopterygii). The Chondrostei
are characterized by cartilaginous skeletons and bony dermal elements (scutes and ossicles) that make the skin feel like sandpaper.
The Chondrostei are considered to be the most primitive group of
Actinopterygii because they appeared earlier in the fossil record and
“achieved their greatest abundance and diversity in the Carboniferous
Period [Paleozoic Era]" (Moyle and Cech 2004). The sturgeons
have a fossil record that extends back to the middle Mesozoic Era.
Sturgeons share some characters with primitive (ancestral) chondrosteans (e.g., heterocercal tail, spiracle, skeleton composed mainly of
cartilage) but have some derived characters [e.g., inferior, suctorial
mouth with protrusible lips, and four sensory barbels lined up in a
row in advance of the mouth, five rows armor-like plates (scutes)
constructed of dermal bone]. Typical chondrosteans, for example,
had terminal mouths and heavy gannoid scales composed of a bony
interior and outer layer of enamel called ganonine, which are also
considered primitive chondrostean traits. It is thought that a chondrostean with primitive traits gave rise to the Subclass Neopterygii
because two of the most primitive orders / families of Neopterygians,
the bowfins (Amiiformes: Amiidae) and gars (Lepisosteiformes:
Lepisosteidae), shared some of these characters. Thus, sturgeon are
specialized (derived) chondrosteans, not on the evolutionary line to
more advanced (derived) Actinopterygiians. Their heterocercal tail
and scutes are diagnostic characters that immediately distinguish
sturgeon from any other group of fish found in eastern Washington.

Pharyngeal
tooth formula
2,5–4,2

The remainder of the fish species found in eastern Washington belong to the Subclass Neopterygii. Neopterygians are characterized by
skeletons composed of bone and highly maneuverable fins. During
their evolution, Neopterygians underwent several modifications.

A. T. Scholz

1.

The tail was modified from heterocercal (dorsal lobe
larger than ventral lobe) to homocercal (dorsal lobe
same size as ventral lobe). This change enabled fish
to direct all the thrust produced by their caudal fin in
a forward direction. (In fish with heterocercal tails, a
part of thrust by the caudal fin pushes the tail down
and lifts the front end.)

2.

Their swimbladder, was initially a large, vacularized
structure, often used as a lung for breathing air. This
trait was inherited from the earliest bony fishes, Class
Osteichthyes: Subclass Sarcopterygii (lobe-finned
fishes including coelocanths and lung-fishes). Over
time, the swimbladder of Neopterygians gradually
became reduced in size and was used primarily as a
hydrostatic organ to regulate buoyancy.

3.

The structure of the pectoral and pelvic fins became
modified from the lobed condition of the Sarcopterygii,
which were characterized by narrow range of movement, to fins that were highly maneuverable.
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4.

The position of the pelvic fins gradually shifted from
an abdominal insertion (under dorsal fin) to a thoracic insertion (beneath and behind the pectoral fins
or jugular position (under and in front of pectoral
fins). This increased the maneuverability of fish.

5.

Scales became modified from thick, heavy ganoid
scales to thinner, lighter cycloid and / or ctenoid
scales. Cycloid and ctenoid scales are composed of
two thin layers: An external fibrous and internal
bony (isopedine) layer. Ctenoid scales have patches of
tooth-like projections (called cteni) on the exposed
(posterior) edge of the scales which function to improve hydrodynamic efficiency of swimming (Moyle
and Cech 2004). Cycloid scales lack cteni. Some species of Actinopterygiians possess both types of scales
but most possess one type or the other.

6.

Vertebrae became ossified, which made them lighter.
Instead of solid construction, they became cylinders
supported by struts, similar to spokes of a bicycle wheel.

7.

The jaw structure changed from being rigid to being
more flexible. In Chondrosteans, the maxilla and
premaxilla were united with the skull and tooth
bearing. The maxilla was the larger of the two bones.
In primitive (ancestral) Neopterygians, the premaxilla became separated from the maxilla by a groove,
although in some species a fleshy bridge called a
frenum still connected the two bones. Both bones
bore sharp teeth and were adapted for grasping and
biting prey. In advanced (derived) Neopterygians,
the maxilla is not attached to the skull and is smaller
than the premaxillaries. It functions as a lever to
make the premaxillaries protrusible, which makes
the mouth and jaws more flexible. This increased
flexibility permits feeding specializations such as suction feeding and plankton straining (Moyle and Cech
2004). Water containing zooplankton is sucked into
the mouth and plankton collects on the gill rakers as
the water passes through the gills into the opercular chamber. Gill rakers are comb-like projections
attached to the anterior surface of the gill arches
opposite the gill filaments.

8.
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The gill cover and floor of the opercular chamber was
rigid in the Chondrosteii. Several novelties emerged
in the Neopterygians that increased the size of the
opercular cavity and, thus, increased the efficiency of
the “two pump” respiratory system. The “two-pump”
respiratory system refers to the synchronous expansion and contraction of the buccal and opercular
chambers. As water enters the mouth, the buccal
cavity expands until the oral valve on the roof of the
mouth snaps shut. Simultaneously, the opercular
valve on the posterior margin of the gill cover clamps
down against the floor of the branchial chamber.
Accordion-like branchiostegal rays expand, thereby
increasing the volume of (and decreasing the pressure in) the opercular chamber. According to Boyle’s

Law pressure × volume = constant; so as the volume
of the opercular chamber expands, the pressure lessens. Water under high pressure in the oral chamber
then irrigates the gills as it percolates through the gill
filaments into the lower pressure opercular chamber. Oxygen is extracted across the gill lamellae. An
ancestral (primitive) trait shared by all members of
the Neopterygian clade was the modification of one
branchiostegal ray on each side becoming part of the
gill cover (i.e., the interopercle bone).
The extant Neopterygian fishes currently occupying eastern
Washington can be categorized into three groups. The first group
includes species with the following suite of primitive (ancestral)
characters (See Table 1.2).
1.

Body plan usually fusiform or torpedo shaped.

2.

Pectoral and pelvic fins inserted on the belly.

3.

Pectoral and pelvic fins well separated along belly;
pelvic fins usually in abdominal position.

4.

Pectoral fin insertion aligned along anterior / posterior axis of body (horizontal insertion). Single
soft-rayed dorsal fin;

5.

No bony spiny rays in fins. (The first ray of the dorsal
and pectoral fin of some species appear spiny. These
spines are compressed, fused and hardened soft rays,
not true spines.)

6.

Swim bladder physostomous, connected to esophagus by the pneumatic duct (Figure 1.8). They fill the
swimbladder by gulping air on the surface.

7.

Cycloid scales.

Six families of eastern Washington fishes share these primitive (ancestral) characters: Clupeidae (herrings, shad), Cyprinidae
(minnows), Catostomidae (suckers), Ictaluridae (bullhead catfish),
Salmonidae (salmon, trout, whitefish, grayling) and Esocidae
(pikes). The Clupeidae are recognized by their keeled (saw toothed)
bellies: The Cyprinidae are characterized by the absence of teeth in
their jaws and distinctive pharyngeal teeth that occur in rows on
the last gill arch, and are canine or molar shaped (see Figure 1.7).
The Catostomidae are identified by the absence of teeth in the jaws,
the presence of comb-like pharyngeal teeth (see Figure 1.7) and
subterminal mouth with fleshy lips that contain sensory papillae.
The Ictaluridae are recognized by the combination of an adipose
fin, eight sensory barbels (two on the snout, two on the maxilla and
four on the chin), teeth arranged on cardiform plates, and absence
of scales. The Salmonidae are characterized by the combination
of an adipose fin and axillary process at the base of the pelvic fin
(Figure 1.2). The Ecosidae are identified by their torpedoe-shaped
bodies, dorsal and anal fins situated far back on the body near the
tail and mouths shaped like a duck’s bill.
The second group includes species with the following suite of advanced (derived) characters (See Table 1.2):
1.

Body plan variable (fusiform, dorso-ventrally flattened, laterally compressed).
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Table 1.2

Diagnostic characters that distinguish the 16 families of fishes found in eastern Washington. The number of genera and
species occurring in each family in eastern Washington are noted. Families shaded in yellow and green represent ancient
lineages (Agnatha and Chondrosteii). Families shown in various shades of blue include species that share a suite of primitive (ancestral) characters, including (1) Fusiform or torpedo shaped body; (2) one dorsal fin; (3) no spines on fins; (4)
pectoral and pelvic fins inserted on the belly; (5) pelvic fins in abdominal position; (6) cycloid scales, and (7) physostomus
swim bladder. Families shown in various shades of brown include species that share a suite of advanced (derived) characters, including (1) variable shape (e.g., fusiform, dorsoventrally flathead, laterally compressed); (2) two dorsal fins (anterior
spiny, posterior soft); (3) spines usually present on pectoral, pelvic and anal fins (4) pectoral fin inserted on side (midline)
behind gill cover, pectoral fin base vertical; (5) pelvic fins in thoracic position; (6) ctenoid scales; and (7) physoclistous
swimbladder. Families in various shades of lavender possess characters that are intermediate between advanced and
primitive groups. (Page 1 of 2.)

Family

Diagnostic Character(s) of Family

Petromyzontidae (lampreys)
# Genera = 1
# Species = 3

• Seven pairs of gill openings
• Jaws absent. Instead, have sucking disc with circumoral teeth and rasp-like
tongue (adults) or oral hood with endostyle (ammocoetes larvae)
• Paired fins absent

Acipenseridae (sturgeons)
# Genera = 1
# Species = 1

• Caudal fin heterocercal
• Five rows of scutes (bony plates, one dorsal on middle of back (n = 1), one on
middle of each side (n = (2) and one on each side of side of belly (n = 2)
• Inferior mouth with protrusable lips
• Four sensory barbels in a row in advance of the anterior (upper) lip
• Notochord persistent in adults

Clupeidae (herring and shad)
# Genera = 1
# Species = 1

• Scales on ventral midline overlapping to form a saw-toothed keel
• Body fusiform in profile but strongly laterally compressed in cross section

Cyprinidae (minnows)
# Genera = 12
# Species = 14

• Teeth absent in jaws
• Pharyngeal teeth present on 5th gill arches; canine or molar-like, adapted for macerating or
grinding prey. Teeth usually present in 1–3 rows [Each species has a diagnostic tooth formula]
• Body generally fusiform

Catostomidae (suckers)
# Genera = 1
# Species = 4

•
•
•
•

Ictaluridae (bullhead catfishes)
# Genera = 4
# Species = 6

• Adipose fin present
• Eight sensory barbels (two on snout, two on maxilla and four on the chin) present
• No scales (skin ‘naked’)

Salmonidae (salmon, trout, charr, grayling)
# Genera = 6
# Species = 16
(20 if subspecies counted as species)

•
•
•
•

Esocidae (pikes)
# Genera = 3
# Species = 3

• Bodies torpedo-shaped
• Dorsal and anal fins inserted on the caudal peduncle
• Snout shaped like a duck’s bill

Teeth absent in jaws
Pharyngeal teeth in a single comb-like row
Mouth subterminal with large, fleshy lips that contain sensory papillae
Body fusiform

Adipose fin present
No sensory barbels present on the snout, maxilla or chin
Well developed axillary process at the anterior base of each pelvic fin
Body generally fusiform

Table 1.2 continued on next page
A. T. Scholz
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Table 1.2 (concluded) Diagnostic character(s) that distinguish 16 families of eastern Washington fishes. (Page 2 of 2.)
Family

20

Diagnostic Character(s) of Family

Percopsidae (trout-perches)
# Genera = 1
# Species = 1

• Adipose fin present but no sensory barbels near mouth
and no axillary process at base of pelvic fins
• One dorsal fin (primitive state)
• First two dorsal rays and first pelvic ray usually spiny (intermediate between primitive and advanced states)
• Pectoral fin shifted upward (behind operculum), orientation of
base vertical instead of horizontal (advanced state)
• Pelvic fins shifted forward, about midway between abdominal and thoracic positions (intermediate between primitive and advanced states)

Gadidae (burbot)
# Genera = 1
# Species = 1

• Two dorsal fins (anterior fin short, posterior fin long), both fins softrayed (intermediate between primitive and advanced states)
• Pelvic fins in jugular position, i.e., below and in front of pectoral fins (advanced state)
• Single large barbel present on chin

Cyprinodontidae (killifish)
# Genera = 1
# Species = 1

•
•
•
•
•
•
•

Mouth oblique (upturned)
Premaxillary protractile
One soft-rayed dorsal fin (primitive state)
Pectoral fins near midline of body behind operculum
Orientation of base vertical (advanced state)
Pelvic fins in thoracic position (advanced state)
Origin of pelvic fin is posterior to origin of dorsal fin

Poeciliidae (livebearers, mosquitofish)
# Genera = 1
# Species = 1

•
•
•
•
•
•

Mouth oblique (upturned, protractile premaxilla)
Origin of anal fin is anterior to origin of dorsal fin
One soft-rayed dorsal fin (primitive state)
Pectoral fins near midline of body behind operculum, orientation of base vertical (advanced state)
Pelvic fins in thoracic position (advanced state)
First two anal rays of males modified into gonopodium [intromittant (copulatory) organ] to accomplish internal fertilization

Gasterosteidae (Stickleback)
# Genera = 2
# Species = 2

• 2–7 isolated predorsal spines, each with its own membrane, preceed soft
dorsal fin (intermediate between primitive and advanced state)
• Pectoral, pelvic and anal fins usually with prominent spine
• Pelvic fin reduced to long, sharp spine and one soft ray
• Bony lateral plates form shield-like armor along sides of body

Cottidae (Sculpin)
# Genera = 1
# Species = 7

•
•
•
•

Centrachidae (sunfish, bass)
# Genera = 3
# Species = 7

• Spiny and soft dorsal fins connected to varying degrees, ranging from a slight
connection to such a broad connection the two fins appear as one
• Body shape variable, ranging from fusiform in profile (but with slight amount of lateral compression in cross section) to distinctly laterally compressed in both profile and cross section
• Species with distinct lateral compression usually with high dorsal and anal fins i.e., These fins have a large surface area
• 3–6 anal spines

Percidae (yellow perch and walleye)
# Genera = 2
# Species = 2

• Spiny and soft dorsal fins distinctly separated by a notch (space) between them
• Body shape fusiform in profile and cross section
• 1–2 anal spines

Dorsoventrally flattened
Eyes close together on top of head
Large pectoral fins
Spiny and soft dorsal fin separated

Fishes of Eastern Washington: A Natural History

Introduction

A Physostome:

C

Swim bladder filled by gulping air.
Air enters by passing down esophagus and pneumatic duct.

pneumatic duct
swim bladder

esophagus

stomach

B Physoclist:
Lacks pneumatic duct. Swim bladder filled using gas gland.
gas gland (enlarged below)

dorsal aorta

swim bladder

stomach

esophagus

gas gland (enlarged)

gas gland
(metabolically
active cells)
dorsal aorta

Figure 1.8

rete mirabile
(blind loop
capillaries)

Swim bladders of: (A) phytostome fish; (B) physoclist fish; lower portion of B shows detail of blind loop capillary networks (rete
mirabile). Metabolically active cells in the gas gland produce CO₂ and lactic acid causing a bohr shift so that the hemoglobin
molecule releases oxygen. The rete network traps the displaced oxygen and uses it to fill the swim bladder. (C) Physostome swim
bladder from largescale sucker.
A. T. Scholz

21

Chapter 1

2.

Pectoral fin shifted dorsally; sits behind gill cover
instead of on belly.

3.

Pelvic fin shifted forward into thoracic position
(slightly behind and below pectoral fins).

4.

Base of pectoral fins aligned along dorsal / ventral
axis of body (vertical insertion). These changes in
the pectoral and pelvic fins increased maneuverability. Ancestral species must turn their whole bodies
(make a U-turn) to face backward. Derived species
can pivot around the vertical axis of their bodies to
face backward.

5.

Two dorsal fins usually present (first with spiny rays,
second with soft rays). In some species, the two fins
are separated; in others the two fins are broadly connected and may even appear as a single fin.

6.

Spiny rays present in dorsal, anal, pectoral and
pelvic fins.

7.

Dorsal and anal fins increased in size in comparison
to species that have primitive characters. This is an
adaptation for remaining stationary in the water
column. Increasing the surface area of these fins
counters the tendency for the fish to roll sideways,
while hovering in the water column.

8.

The swim bladder is physoclist, i.e., not connected to
esophagus by pneumatic duct. Instead, of gulping air,
oxygen displaced from hemoglobin in the circulatory
system is used to fill the swim bladder (Figure 1.8).
The gas gland is an emergent novelty that performs
this function. The gas gland is composed of long
U-shaped, blind loop capillary networks that are
anastomosed to the bottom front end of the swim
bladder. These capillaries are surrounded by actively
metabolizing tissue. The build up of carbon dioxide,
heat and hydrogen ions (lower pH) caused by this
metabolic activity causes a bohr shift that reduces
the binding affinity of oxygen to hemoglobin. The
long, blind loop capillaries retain the displaced
oxygen near the swim bladder until it diffuses across
the membrane into the air space. This adaptation
enabled fish to become independent of the surface.
[In a few Neopterygians, e.g., sculpins (Cottidae) that
occupy swift water habitats, the swim bladder was
reduced or lost. This adaptation reduced their buoyancy, thereby decreasing the chance of downstream
displacement.]

Three families of eastern Washington fishes share these advanced (derived) characters: Cottidae (sculpins), Centrarchidae
(bass, sunfish) and Percidae (yellow perch, walleye). The Cottidae
are characterized by being dorso-ventrally flattened, flat head,
large pectoral fins, eyes at the top of their head, and smooth, scaleless body (although patches of sand paper-like prickles may be
present). The Centrarchidae are characterized by two dorsal fins
(spiny and soft) that are connected to varying degrees ranging
22

from a slight connection to such a broad connection that the two
fins appear as one. Centrarchids also have 3–6 anal spines. The
Percidae are characterized by two dorsal fins that are separated by
a notch or space and two anal spines.
The third group contains six families with characters that are
intermediate between the primitive and advanced states (see
Table 1.2). In eastern Washington, each of the families with primitive or advanced characters is typically represented by several species, whereas each of the families with intermediate characters is
represented by only one or two species. Families with intermediate
characters include: Fundulidae (= Cyprinodontidae) (killifishes),
Poeciliidae (livebearers–mosquitofish), Percopsidae (troutperches–sandroller), Gadidae (cods–burbot), and Gasterosteidae
(sticklebacks). The Cyprinodontidae = Fundulidae are characterized by a single soft rayed dorsal fin (Primitive state), pelvic fins
shifts forward into thoracic position (advanced state), and oblique
mouths for surface feeding. The Poeciliidae are characterized by
a single soft-rayed dorsal fin but the pelvic fin insertion is shifted
forward to a point midway between the abdominal and thoracic
position. They have oblique mouths. The anal fin of males is
modified into an intromittent organ for internal fertilization of
females. The Gadidae (Burbot) are characterized by having pelvic
fins are shifted forward into the jugular position (in front of the
pectoral fins). Burbot also have a single chin barbel and deeply
embedded cycloid scales. Additionally, burbot have two dorsal
fins, one short the other long, but both fins contain only soft rays.
The Gasterosteidae have 2–7 isolated dorsal spines, each with its
own membrane preceding a soft-rayed dorsal fin. Their pelvic fins
are reduced to one sharp spine and 1–2 soft rays. The pelvic fin
is shifted forward to a point midway between the abdominal and
thoracic position. Their body is armored in bony lateral plates instead of scales. The Percopsidae have one soft dorsal fin with 1–3
spiny anterior rays. A few spines are also present on the anal fin.
Percopsidae also have an adipose fin, ctenoid scales, and pelvic fins
inserted midway between abdominal and thoracic positions.

DISTRIBUTION RECORDS
One of my objectives was to provide detailed records of the distribution of each species of fish in eastern Washington. Fish distribution records for eastern Washington were compiled from three primary sources: natural history museum records, articles published
in peer reviewed scientific journals, and scientific reports prepared
by state, federal and tribal fisheries / natural resource agencies, universities, public utility districts, privately owned utilities, and private consulting firms.
Fish from eastern Washington and the interior Columbia Basin
are housed in the United States National Museum of Natural
History, (USNM or NMNH), the Smithsonian, in Washington D.C.;
the University of Michigan Museum of Zoology (UMMZ), in Ann
Arbor, Michigan; the California Academy of Sciences (CAS) in San
Francisco, California; which also contains the Stanford University
(SU) Fish Collection, the Field Museum of Natural History (FMNH)
in Chicago, Illinois; the University of Washington Fish Collection
(UW) in Seattle, Washington; the Norma J. Smith Museum of Natural
History (nJSM) at Albertson College in McCall, Idaho; the Royal
British Columbia Museum (RBCM) in Victoria, British Columbia;
the British Museum of Natural History (BMNH) in London, England;
and the Museum Nationale d’Histoire Naturelle (Paris Museum of
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Natural History) in Paris, France. Leviton et al. (1985) gave standard
symbolic codes for institutional fish collections around the world.
Poss and Collette (1995) described the holdings of 126 fish collections at institutions in the United States and Canada that collectively
house 87.9 million specimens of fish. These collections house preserved and skeletonized fish that function as voucher specimens to
document identification of species. The records for most of the fish
in these collections have been entered into online data bases that can
be accessed by the public through the internet (Poss and Collette
1995). When accessing these data bases it helps to know the scientific name and scientific synonyms of the species you are looking for
because some of the specimens are decades or century’s old. When
I interrogated these data bases to extract distribution information
about eastern Washington fish, I found several instances where older
acquisitions were listed under a scientific name that is now considered to be a synonym.
The Norma J. Smith Museum fish collection currently houses
the fish collection that was formerly at the University of Idaho, in
Moscow, Idaho. It is also currently (2006) being used as a repository for voucher specimens being collected by the U. S. Geological
Survey – Biological Resources Division during routine fish monitoring surveys at standardized sites in the upper Columbia Basin,
Idaho, Montana, Oregon and Washington. The NJSM collection is
not yet online. Donald W. Zaroban, Curator of Fishes, kindly queried the museum's fish data base and provided me with the records.
Additionally I consulted Lee et al.’s (1980) Atlas of North American
Fishes, which provided a summary of museum distribution records.
Despite the enormous numbers of preserved fish in museums, I found fewer than 1,000 records of specimens collected in
eastern Washington. This did not provide the detailed coverage
I wanted. Consequently, I examined every issue of Transactions
of the American Fisheries Society, North American Journal of
Fisheries Management, Progressive Fish Culturist, Fishery Bulletin,
Journal of the Fisheries Research Board of Canada, Canadian
Journal of Fisheries and Aquatic Science, Environmental Biology of
Fish, Journal of Fish Biology, Aquaculture, Northwest Science, and
Canadian Journal of Zoology for articles that provided information
about distribution of fishes in eastern Washington.
Additionally, I examined several types of publications and reports that provided information about fish distribution in eastern
Washington and the upper Columbia Basin, including:
1.

2.

Surveys made by the United States Exploring
Expedition in 1841, the Pacific Railroad Surveys from
1855–1856, the Northwest Boundary Survey from
1858–1860 (Agassiz 1855; Girard 1850, 1852, 1854, 1856a,
1856b, 1867; Suckley 1858, 1860a, 1860b, 1874; Suckley
and Cooper 1860).

and Nichols 1919; Jordan 1878a, 1878b, 1878c, 1882,
1889, 1891, 1892, 1893, 1894, 1907, 1923; Jordan and
Evermann 1896–1900, 1902, 1923, 1927; Jordan,
Evermann and Clark 1930; Jordan and Gilbert 1883;
Jordan and Snyder 1909; Kendall 1919; Jordan and
Starr 1895; Kemmerer et al. 1924; Smith 1882; Smith
and Kendall 1921; Snyder 1917; Stone 1878, 1882).
3.

Surveys made from 1934–1946 by the U. S. Bureau
of Fisheries / U.S. Fish and Wildlife Service to assess
past and present spawning areas and abundance of
salmon and steelhead trout in the Columbia Basin
(Rich 1948, Bryant 1949; Parkhurst et al. 1950; Bryant
and Parkhurst 1950; Nielson 1950; Parkhurst, 1950a,
1950b, 1950c; Fulton 1968, 1970).

4.

Publications, fish distribution records and field guides
for the Columbia River Basin and adjoining regions:
• In Alberta (Evermann and Cox 1896; Nelson
and Paetz 1992; Paetz and Nelson 1970;
Whitehouse 1919).
• In British Columbia (Carl and Clemons 1948,
1953; Carl et al. 1967; Clemons 1939; Dymond
1927, 1931, 1932, 1936, 1943; Hart 1973; Hughes
and Peden 1989a, 1989b; Lindsey 1956a, 1956b;
McHugh 1936; McPhail and Lindsey 1970, 1986;
McPhail and Carreth 1994; Nelson 1968a, 1968b;
Peden 1991; Peden and Hughes 1988; Richardson
1823, 1836; Scott and Crossman 1973, 1998;
Whitehouse 1919).
• In Idaho (Bailey and Bond 1963; Courtney et
al. 1987; Eigenmann 1895; Evermann 1896, 1897;
Evermann and Meek 1983; Gebhards 1973; Gilbert
and Evermann 1895; Howse and Simpson 1969;
Keil 1928; Laumeyer 1976; Linder 1963, 1970;
Maughan 1976; Miller and Miller 1948; Simpson
1962; Simpson and Wallace 1978, 1982).
• In Montana (Brown 1962, 1971; Cope 1872, 1879;
Eigenmann 1894; Elrod 1929; Evermann 1892,
1893; Evermann and Cox 1896; Gilbert and
Evermann 1895; Girard 1856, 1858; Gould 1969;
Gould and Brown 1970; Hanzel 1959; Henshall
1894, 1906; Holton 1990; Holton and Johnson
1996; Jordan 1878, 1891; Schultz 1941; Weisel 1957).
• In Oregon (Bailey and Bond 1963; Bond 1961, 1963,
1973a, 1973b, 1994; Bond and Bisbee 1955; Bond et
al. 1988; Cope 1879; Markle and Hill 2000).

Surveys made in the Columbia Basin by the United
States Fish Commission and its successor agency
United States Bureau of Fisheries between 1872 and
1930 (Bean 1881, 1895; Bendire 1878, 1879a, 1879b,
1879c, 1882; Cope 1872; Curtis 1884; Eigenmann
1895a, 1895b; Eigenmann and Eigenmann 1892,
1839a, 1839b; Evermann 1892, 1893, 1996, 1897,
1899; Evermann and Cox 1896; Evermann and
Goldsborough 1907a, 1907b; Evermann and Meek
1898; Evermann and Nichols 1909; Evermann and
Smith 1896; Gilbert and Evermann 1895; Harper

• In Washington (Doane 1904; Gilbert and
Evermann 1895; Schultz and Delacy 1935 / 1936;
Schultz 1929, 1931, 1936; Wydoski and Whitney
1979, 2003).
• In Wyoming (Baxter and Simon 1970; Baxter and
Stone 1995; Cope 1871, 1872; Coutney et al. 1887;
Evermann 1892; Fromm 1940; Hubbs and Miller
1968; Jordan 1891a, 1891b; Miller 1958; Simon 1939,
1946, 1951; Simon and Simon 1939; Varley 1981).
A. T. Scholz
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5.

Publications, fish distribution records and field
guides for the Great Basin and other drainages west
of the Continental Divide. Many fishes found in the
Columbia Basin also occur in these drainages. It is
generally believed that at one time the Snake River
drained southwest through the Northern Great
Basin into either the Klamath River, Oregon or
Sacramento River, California, or both, and that the
Fraser River, British Columbia was once connected
to the Columbia River, which could account for
the similarity of the fish fauna in these geological
provinces.

• In the Southeast and Gulf Coast (Chilton 1997;
Etnier and Starnes 1993; Jenkins and Burkhead
1994; Mette et al. 1996).
• In the Great Plains (Bailey and Allum 1962;
Buchanon 1973; Churchill and Over 1930;
Evermann and Cox 1896; Evermann and
Goldsborough 1907; Hankinson 1929; Morris et
al. 1974; Pflieger 1971, 1975, 1997; Robinson and
Buchannon 1988, 1993; Tomelleri and Eberle
1990; Willock 1969; Woolman 1895).
• In the Canadian Arctic and other locations
throughout Canada (Backus 1951, 1957; Dymond
1928, 1938, 1943, 1947, 1955; Hart 1973; Hinks 1943;
Legendre 1953; Lindsey 1956; Livingstone 1954;
McPhail and Lindsey 1970; Nash 1908; Rawson
1947; Scott 1954, 1957; Scott and Crossman 1973,
1998; Slaskenenko 1958; Walters 1955; Willock
1969; Wynne-Edwards 1953).

• In Alaska (McPhail and Lindsey 1970;
Mecklenberg et al. 2002; Morrow 1974, 1980).
• In Arizona (Cope and Yarrow 1875; Gilbert and
Scofield 1898; Miller and Lowe 1967: Minckley
1973; Minckley et al. 1986).
• In California (Ayres 1854, 1855, 1860; Cope and
Yarrow 1875; Calhoun 1966; Dill and Cordone 1997;
Evermann and Clark 1931; Kimsey and Fisk 1960,
1964; McGinnis 1984; Miller 1968; Moyle 1976a,
1976b, 2002; Murphy 1941; Neale 1931; Shapovalov
1941; Shapovalov et al. 1959, 1981; Snyder 1905, 1908,
1913, 1918, 1919a, 1919b, 1931, 1935).

7.

Graduate theses from Central Washington University,
Eastern Washington University, Washington State
University, University of Washington, Whitman
College, Oregon State University, University of Idaho,
University of Montana, Montana State University,
University of Wyoming, University of Alberta, and
University of British Columbia that described
fisheries, aquatic ecology or limnology in eastern
Washington or the Columbia River Basin.

8.

Reports from the United States Army Corps
of Engineers (COE), United States Bureau
of Reclamation (BOR), Bonneville Power
Administration(BPA), and the various Public Utility
Districts (PUD). Each of these entities occasionally
commissioned fisheries surveys that were paid for by
U. S. taxpayers (in the case of the COE and BOR), or
hydroelectric ratepayers (in the case of BPA or PUDs).

9.

Internal reports and memo’s at WDFW regional offices
in Spokane, Ephrata and Yakima, Washington; and
district offices in Dayton, Wenatchee, and the TriCities (Richland, Pasco, and Kennewick).

• In Colorado (Beckman 1972, 1974; Cockerell 1908;
Cope and Yarrow 1875; Ellis 1914; Woodling 1985.
• In Nevada (Cope and Yarrow 1875; Deacon and
Williams 1984; Hubbs and Hubbs 1974; La Rivers
1962, 1994; La Rivers and Trelease 1952; Miller and
Alcorn 1846; Sigler and Sigler 1987; Snyder 1918).
• In New Mexico (Cope and Yarrow 1875; Hatch
1985; Koster 1957; Sublette et al. 1990).
• In Utah (Cope and Yarrow 1875; Gill 1876; Hubbs
and Miller 1968; Hubbs and Hubbs 1974; Jordan
1891b; Jordan and Gilbert 1881; Miller 1958;
Minckley et al. 1986; Sigler and Miller 1963; Sigler
and Sigler 1987, 1996).
6.

Publications, fish distribution records and field
guides for other regions of the United States and
Canada. The Atlas of North American Freshwater
Fishes (Lee et al. 1980), provided useful information
about distribution of fishes. Other sources included:
• In the Great Lakes Region (Becker 1983; Eddy
and Surber 1947; Eddy and Underhill 1974;
Hubbs 1926, 1930, 1945; Hubbs and Lagler 1939,
1941, 1947, 1948, 1949, 1957, 1958, 1964; Koelz 1929;
Phillips et al. 1982; Rafinesque 1820; Taylor 1954;
Trautman 1957, 1981; Underhill et al. 1997).
• In New England (Everhart 1958, Scarola 1973).
• In the Middle Atlantic States (Cooper 1983;
Jenkins and Burkhard 1994; Murdy et al. 1997).
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LIFE HISTORY INFORMATION
In the life history section of each species in this book I present information on what is known about the relative abundance, catchper-unit-effort, population level, movements, migration, age, growth,
and food habits of that species in eastern Washington. In this section
I describe how those data were obtained.

Field techniques used to capture fish
Adult and juvenile fishes are collected by fisheries scientist using a
variety of gear, including electrofishing (backpack, boat, drift boat,
Figure 1.9), gill or trammel nets (Figure 1.10), trap nets (fyke nets or
merwin traps) (Figure 1.11), beach seining (Figure 1.12), purse seining (Figure 1.13), and trawling (Figure 1.14). Upstream migration
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traps (weirs) and downstream migrations traps (screw traps) are
used respectively to collect adult and juvenile salmonids (Figure
1.15). Fish larvae are collected in devices such as emergence traps,
light traps, D-ring drift nets, beam trawls, or Miller high speed
samplers (Figure 1.16).

Marking and tagging fishes
Marks and tags applied to fishes include fin clips (Figure 1.17),
freeze branding (Figure 1.18), Floy tags (Figure 1.19), visible implant elastomer (Figure 1.20), coded wire tags (CWT) (Figure 1.21),
passive integrated transponder (PIT) tags (Figure 1.22), and radio / ultrasonic transmitters (Figure 1.23 and 1.24). Many types of
tags have a number that uniquely identifies the fish and contains
information about where to send it in the event the fish is caught
by an angler. Prizes in the form of cash rewards or drawings for gift
certificates to sporting good stores, are often given as incentives to
insure compliance of anglers in sending information on tagged fish
to biologists. The purposes of marking fish include:
1.

Keeping track of the movement of fish. This is accomplished either when a researcher recaptures a
tagged fish or an angler turns in a tag. Radio / ultrasonic transmitters broadcast continuous signals that
allow the movement of a fish to be tracked by boat,
truck , or aircraft, or by stationary receivers that are
placed along a fishes suspected migration route.

2.

Confirming growth gained by the fish is possible in
cases where length and weight of the fish are recorded
at the time of initial capture and the time when the
fish is recaptured. For example, biologists working in
Lake Roosevelt, have determined that rainbow trout
released from net pens and later caught by anglers
grow at a rate of approximately 25.4 mm (1 in) per
month each month they reside in the lake.

3.

Assessment of homing behavior of marked fish. For
example, juvenile salmon marked and released at a
particular location normally return to that location as
adults during their spawning migration. By sampling
that release location and other equally likely spawning
areas during the spawning season, some idea about
the accuracy of homing can be gained. The number of
marked fish that stray to other locations can also be
determined. By catching marked fish during the period
when they are feeding and growing, some idea about
where they go to feed can be determined. For example,
Chinook and sockeye salmon, and steelhead trout,
marked at various locations in the Columbia River
are captured on the high seas in the Gulf of Alaska,
whereas coho salmon marked at various locations in
the Columbia River are captured mainly off the coasts
of Washington, Oregon, and northern California.

4.

Fish abundance estimates
Relative abundance and CPUE
Two measures of fish abundance are relative abundance (RA) and
catch-per-unit-effort (CPUE). Relative abundance is calculated by
dividing the total number of one species by the total number of
fish of all species captured in the sample. CPUE is calculated by dividing the total number of one species by the fishing effort. For
example, assume that in 1990, a total of 200 northern pikeminnow,
200 rainbow trout, 100 kokanee, 300 yellow perch and 500 walleye
(a total of 1,300 fish)were caught with 5 hours of electrofishing effort. In 2000, 250 northern pikeminnow, 350 rainbow trout, 100
kokanee, 850 yellow perch and 1,800 walleye (a total of 3,350 fish)
were caught with 5 hours of electrofishing effort.
The relative abundance in 1990 was 15.3% northern pikeminnow (200 ÷ 1300), 15.3% rainbow trout (200 ÷ 1300), 7.6% kokanee
(100 ÷ 1300), 23.0% yellow perch (300 ÷ 1300) and 38.4% walleye
(500 ÷ 1300). The relative abundance in 2000 was 7.4% northern
pikeminnow (250 ÷ 3350), 10.4% rainbow trout (350 ÷ 3350), 2.9%
kokanee (100 ÷ 3350), 25.3% yellow perch (850 ÷ 3350) and 53.7%
walleye (1800 ÷ 3350).
From this example it can be seen that relative abundance is a poor
index of the abundance of each species in the population. While relative abundance was fairly indicative of the increase in walleye catch
from 500 walleye in 1990 to 1,800 walleye in 2000 (RA increased from
38.4% to 53.7% during the interval), it was poorly indicative of the kokanee population which was stable at 100 individuals in both 1990 and
2000 but decreased in relative abundance from 7.6% in 1990 to 2.7% in
2000. Northern pikeminnow actually increased among sampled fish,
from 200 individuals in 1990 to 250 individuals in 2000, but decreased
in relative abundance from 15.3% to 7.4% during those years.
CPUE in 1990 was 40 northern pikeminnow ⁄ h (200 ÷ 5 h), 40 rainbow trout ⁄ h (200 ÷ 5 h), 20 kokanee ⁄ h (100 ÷ 5 h), 60 yellow perch ⁄ h
(300 ÷ 5 h) and 100 walleye ⁄ h (500 ÷ 5 h). CPUE in 2000 was 50 northern pikeminnow ⁄ h (250 ÷ 5 h), 70 rainbow trout ⁄ h (350 ÷ 5 h), 20 kokanee ⁄ h (100 ÷ 5 h), 170 yellow perch ⁄ h (850 ÷ 5 h) and 360 walleye ⁄ h
(1800 walleye ÷ 5 h). From this example it can be seen that CPUE better
reflects the actual change in the sampled population of each species
than using relative abundance. For example, 100 kokanee were sampled
in each year (1990 and 2000) and the CPUE for kokanee in both years
was 20 kokanee ⁄ h. The number of walleye captured in 2000 (1800 individuals) was 3.6 × greater than the number of walleye captured in
1990. This was also reflected in the CPUE of walleye captured in 2000
(360 walleye ⁄ h) which was 3.6 × greater than the CPUE for walleye
captured in 1990 (100 walleye ⁄ h). Thus, CPUE data can be used as an
index of population abundance provided that constant effort is applied
to sample the fish on each sampling occasion (Ricker 1972).
Population Estimation
Another approach to determine abundance is to actually estimate
the wild fish population. Fish population estimates provide two
types of data:
1. An estimate of the wild fish population; and

Tags are often employed to estimate fish populations.
One type of population estimator employs markrecapture techniques to estimate the population and
95% confidence intervals of the estimate (See below
for details).

2. An estimate of the accuracy or reliability of the estimate (because 95% confidence intervals are calculated for the estimate).
A. T. Scholz
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Figure 1.9.

Electrofishing is an active capture technique. Various devices including (A) battery powered backpacks, (B, C) generator powered boats and (D) generator powered drift boats are used to collect fish. There are two electrodes, an anode and a
cathode. In backpack shocking, a ring on a pole that the person carrying the backpack is holding is the anode, and the cable
extending off the back end is the cathode. In boat and drift boat electrofishing the anodes are attached to the poles on the
front of the boat, and the hull of the boat acts as the cathode. These devices introduce pulsed DC current into the water. The
voltage is adjusted to deliver a current of about 0.3–4 amperes, using the formula V = IR, where V = voltage, I = current and
R = resistance (the conductivity of the water). Water with lower conductivity has a higher resistance and therefore requires
a higher voltage to deliver the same current into the water as compared to waters that have higher conductivity and less
resistance. In freshwaters, fish are generally more conductive than the water because the osmotic concentration of their body
fluids is about 300 mosmols / L compared to the osmotic concentration of the freshwater environment of < 25 mosmols / L.
Since electrical currents follow the path of least resistance they move from the water into the fish because the fish is more
Figure 1.9 continued on next page
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Figure 1.9 (concluded) conductive than the water. The fish is then attracted to the anode (called galvanotaxis). After entering the electrical field of the anode the fish usually turns upside down (called electro-narcosis) and can easily be captured by dip netting it. Thus, because DC instead of AC current is used, fish are rarely shocked in the manner that humans are shocked by
AC current used to operate household appliances, which causes intense muscular contractions (termed tetenay). The dip
netted fish are put in a live well on the electrofishing boat and generally recover from the effects of electro-narcosis within
a few minutes. They can then be handled to measure and weigh them, collect a scale (for aging them), collect stomach
contents by using a non-lethal technique called gastric lavage (i.e., pumping their stomach), and tagging them (to conduct
population estimates or study fish movements). Often the fish are anesthetized with anesthetic such as tricane methanosulfonate (MS-222), eugenol (clove oil) or carbon dioxide (CO₂) prior to handling them. After recovering in the live well,
the fish are subsequently returned alive back into the water near their location of capture. Electrofishing captures larger
fish better than smaller fish because larger fish have more surface area to absorb the electrical current than the smaller
sized fish.
A. T. Scholz
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Figure 1.10

(A) Gill and (B) trammel nets rely on fish becoming entangled in a stationary net consisting of panels of mesh attached to
a float line and a lead line. (A) Gillnets. A fish is captured by swimming head first into the net. When it struggles to free
itself the mesh slips behind the gill cover, which entangles the fish and prevents its escape. The size of the fish captured is
controlled by the mesh size of the net. Mesh of one size captures a certain size of fish. Bigger fish don’t swim into the net far
enough to become gilled. Smaller fish can swim through the mesh without becoming gilled. Research gill nets usually have
several panels of different size mesh so that fishes of various sizes can be captured. This reduces size bias in collecting fish.
Gill nets usually (but not always) kill many fish because, when their gill covers become ensnared, respiration across the gill is
impaired (which causes the fish to suffocate). (B) Trammel nets. Trammel nets consist of three nets, two outer nets made of
Figure 1.10 continued on next page
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E₁

E₂

E₃

Figure 1.10 (concluded) larger mesh and an inner net made of smaller mesh. Fish swimming into the net pass through the larger mesh
of the outer nets and become entangled in the inner net. The fish then push the small mesh net through the larger mesh of
the outer nest which forms a pocket (bag) in the net. Less mortality is associated with trammel nets than gill nets because
some fish are still able to gill effectively within the bag, so they don’t suffocate. (C) Horizontal gill nets and trammel nets
(C₁) can be set to fish the surface, (C₂) at any depth in the middle of the water column, or (C₃) bottom by adjusting the
length of the lines attached to the buoys and anchors. Vertical gill nets fish up and down in the water column. Gill nets are
often used in conjunction with hydro acoustic surveys to identify what species sonar targets represent. (D₁) (D₂) Gill net
used to collect rainbow trout in Medical Lake, Washington. (E) Gill net set in the plunge pool at the base of Hawk Creek
Falls in Lake Roosevelt to collect spawning hatchery kokanee for egg collection. (E₁) setting net and (E₂, E₃) picking net.

A. T. Scholz
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(A) Fyke nets and (B) Merwin traps are examples of trap nets. (A) Fyke nets consist of webbing that is attached to a series
of circular hoop frames, made of wood, fiber glass, or steel, typically 1.0–2.5 m in diameter, which are submerged underwater. A lead and wing nets are attached at the mouth of the net to help guide fish into the net. When the fish follow the
lead they swim into first hoop. Wing nets guide fish that turn around before entering the enclosure back toward the lead
net. Internal funnel-shaped throats guide the fish that swim into the first hoop inward toward the bag end of the net. Fyke
nets catch a wide variety of fishes. (B) Merwin traps operate on the same principles as fyke nets except that the fish are
directed by the lead and wing nets to swim into a V-shaped tunnel called the heart that take them into a rectangular trap
net called the pot. They then swim through another smaller funnel into a second trap called the spiller. Fish are removed
from the spiller either with dip nets or brailers. Brailers are very large dip nets that are operated by using a winch, boom
and tackle. Merwin traps are considerably larger than fyke nets, and instead of being completely enclosed in webbing, they
are open at the top, so they fish the surface. Merwin traps are typically used for collecting fish, such as kokanee salmon,
that migrate into shallow waters to spawn. (C) Fyke net set in Bonnie Lake, Spokane Count, Washington. (D) Fyke net set
in Eloika Lake, Spokane County. Photos courtesy of Marc Divens, WDFW, Spokane, Washington.
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Figure 1.12

(A) Beach or haul seines are composed of mesh webbing tied to a float line and a lead line. The ends of the net are sewed
onto poles. Beach seines are usually drug along the bottom by two or more individuals as they grasp the poles. Often
beach seines are composed of two wings attached to a center bag. Fish are funneled by the wings into the bag. A typical beach seine used in the Columbia Basin is 30.5 m (100 ft) long × 2.0–2.5 m (6–8 ft) deep with either a 2 × 2 × 2 m or
2.5 × 2.5 × 2.5 m bag in the center of the net. (B) A beach seine used to collect salmon in the lower Columbia River, US-PD.
A. T. Scholz
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C

Purse seines are comprised of mesh netting attached to a float line and a lead line. The lead line contains enough weight
to sink to the bottom and to hold the net open. The float line typically floats on the surface. The net is typically wound on
a drum of the purse seine boat and is deployed when a powerful tug boat (power skiff with a massive diesel engine) takes
one end of the net and free wheels it off the drum. The purse seine boat and power tug then move in opposite directions
to encircle a school of fish. The power tug then hands off the end of the net back to the purse seine boat. The lead line of a
purse seine has oval rings attached, through which is passed a second rope. This rope can be pulled tight to shut the bottom of the net, similar to a ladies handbag, which prevents the fish from sounding and escaping from the net. The purse
seine is attached to a winch on the purse seine boat to accomplish this task. The net is retrieved by rolling it back onto the
drum of the purse seine boat, which is powered by the purse seiner’s hydraulic system. After the fish are bunched into a
confined space a brailer net, operated using a boom and tackle, is used to haul fish out of the net and onto the boat. (B)
Aerial view of a deployed purse seine. The power tug is holding the purse seine boat so it doesn't drift in currents while
retrieving its net. (C) Close up view of purse seine boat showing a net being rolled back onto the drum. The brailer net
with its long handle is suspended from the boom.
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Figure 1.14

Trawling. Trawls are nets that are (A) towed along the bottom (bottom trawl) or (B) in the water column (midwater
trawls)(B). Trawl nets have a wide opening (mouth) and taper down to a catchment (cod end) that is tied shut and can
be untied after retrieval to make removal of the fish from the net easier. Trawl net mesh is attached to a float line (on top)
and a lead line (on bottom) to keep the mouth of the net open vertically; otter boards (trawl doors), attached to the sides
of the net by a bridal, keep the mouth of the net open horizontally. In bottom trawls, the otter board is weighted with iron
to keep the nets on the bottom. In midwater trawls, otter boards are constructed of lighter material. Fish that are caught
by the net usually swim until they tire and eventually collect in the cod end. The net is deployed and towed using a boom
and tackle from a boat. The net is rapidly hauled into the boat by a power winch before many fish can escape back out the
opening. Trawling is often used in conjunction with hydroacoustic surveys to identify fish targets on the sonar screen.

A. T. Scholz
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(A₁, A₂) Upstream (adult) and (B) downstream (juvenile) migration traps are used to collect migratory fishes like salmonids. (A) Upstream migration traps, called weirs, consist of a fence across the stream connected to a slated holding box.
The opening of the holding box has a V-shaped opening through which the fish swim to enter the box. After entering the
box the fish are trapped because (1) they can’t find the narrow opening of the v to return downstream and (2) they have a
biological urge to continue migrating upstream against the current flowing through the slats at the upstream end of the
holding box. Trapped fish are either released upstream from the trap to spawn naturally in the river, or eggs are collected
from them to be hatched and reared in a hatchery. Counts of the number of adults entering the trap can be used to estimate
the spawning population. (B) Rotary screw traps are one kind of trap designed to collect downstream migrating juvenile
salmonids. Rotary screw traps consist of a cone covered in perforated plate that is mounted on a pontoon barge. Within
the cone are two tapered flights that are wrapped 360˚ around a center shaft. The cone is oriented with the wide end facing
upstream and uses the force of the current acting on the tapered flights to rotate the cone about the axis. The wide end of
the cone is usually 1.5 or 2.5 m in diameter. Downstream migrating fish are swept into the wide end of the cone and gently
augured into a live box located on the downstream end of the trap. A winch is used to adjust the forward elevation of the
screw and a second winch may be used to raise and lower the aft end of the screw. A drum screen powered by a rotating
drum or paddle wheel may be located at the rear end of the live box to remove organic debris (leaves). Screw traps collect
fish most efficiently at water current velocities of 0.8–2 m / s, where the screw rotates at about 5–12 revolutions per minute.
Daily population estimates are created for fish captured in a screw trap by marking juveniles with a fin clip or tag, then
transporting them to a site a short distance above the trap and releasing them. Some of them are recaptured a second time
as they migrate downstream. The ratio of marked to unmarked fish captured in the trap the second time it is checked can
be used to obtain a Peterson estimate of the population of the fish migrating downstream on that date (see text for explanation of the Peterson method). The daily estimates are then summed to create an estimate of the total number of fish migrating downstream during the migration season.
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Larval fishes are collected in devices such as (A) larval light traps, (B) D-ring nets, (C) beam trawls, (D) Miller high speed larval fish samplers, or (E) emergence traps. A and
B shown on this page C, D, E shown on page 36. (A) Larval light traps are fished nocturnally and used to collect fishes that are positively phototactic (attracted to light). A light
trap is comprised of four Plexiglas cylinders surrounding a central light distributing rod. The trap is set on piece of rebar to hold it in place in the water. A styrofoam float on
the top of the trap is used to make the trap float on the rebar. Fish larva attracted by the light swim into the trap through openings between the Plexiglas cylinders. When the
trap is lifted out of the water larvae are shunted into a collection bucket at the bottom of the trap. (A) Schematic diagram of light trap. (A₂) Deploying light raps. (A₃) checking
light trap (must be done in darkness).(B) D-ring nets are funnels of fine mesh, with the wide end tied to a D-shaped ring and the narrow end to a collecting bucket. The nets is
set with the D-ring on the upstream end and the collecting bucket on the downstream end. Demersal larvae drifting with the current along the bottom are swept into the large
opening of the D-ring. The force of the current drives them down the net into the collection cup. (C) Beam trawls operate on the same principle as the D-ring net, except the
nets are suspended from the bow or sides of a boat. The boat is anchored or motored slowly with the net openings oriented upstream to collect buoyant larvae that are drifting
downstream with the current either in the water column or on the surface. Often the nets are fixed, like a pair of bongo drums, side by side, to determine variation in catch. (D)
Miller high speed samplers are used to collect fish eggs are larvae in the limnetic zone of lakes and reservoirs. High speed samplers are suspended from a steel cable. A winch
mounted on a boat, is required for deployment and retrieval of the net. The net is towed behind a boat at high speeds which reduces net avoidance by mobile larvae. A mouth
reducing cone attached to the anterior end of the net reduces bow wake, which reduces sampler detection by the larvae. A flow meter is attached to the rigid plastic sampler
housing and is used to determine the volume of water sampled. (E) Emergence traps are used to collect larvae of fishes that lay their eggs in redds. Redds are constructed by
salmonid fishes in the gravel bottoms of streams.
Figure 1.16 continued on next page
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Figure 1.16 (concluded) A female turns on her side and with powerful thrust of her tail scraps out a depression in the gravel. She then lays her eggs in the depression at the same time the
male releases milt (sperm) to fertilize them. The female then covers the eggs with gravel. Eggs hatch under the gravel into alevins with egg sacs. Alevins continue to live under
the gravel until their yolk sac is absorbed. They wriggle up through the interstices of the gravel into the water column, then swim up to the surface to inflate their swim bladder. During this stage they are called swim-up fry. Emergence traps are used to collect swim-up fry. Emergence traps are fine mesh fiber glass screens that have a canvas apron
attached. The screens are wrapped around a metal frame and bands to hold the trap open. The trap is fitted over the redd and the apron is extended outward and covered with
rocks and gravel to weight the trap down. It is anchored by driving rebar into the bottom. All fish that survive to the swim-up stage are trapped as they swim up into the water
column. As they ascend toward the surface they are trapped in a collection bottle with a V-shaped screen tunnel located at the top of the trap. Emergence traps are used to
determine what percentage of eggs that are laid in a redd survive to the swim-up fry stage. It allows fisheries biologist to assess things like how does the percentage of fines (silt
and sand that fills in the spaces between gravel) affect survival in the redd. Water seeps through the spaces between gravel and circulates oxygen in the redd. Fine particles fill
these spaces and prevent oxygen laden water from circulating around the incubating eggs or hatches alevins, causing them to suffocate.
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Figure 1.17 continued on next page

(A) Various devices employed for marking and tagging fish. (B₁) Juvenile fish in fish hatcheries are anesthetized with methyl pentanol, tricane methanosulfonate (MS-222),
eugenol (clove oil) or CO₂, and (B₁, B₂, B₃)one or more fins are surgically removed. The fish are then put back in the hatchery raceway and allowed to recover from this experience for several weeks (or months) before stocking them in a lake or river. (C₁) If done correctly, the clip is permanent for the life of the animal. A 3 year old adult coho salmon
that was given a left ventral fin clip when it was about 1 year and 4 months old. Reciprocal fin clips are used to distinctively mark paired groups of fish (experimental vs control
groups) for conducting experiments. (C₂) Adipose clips are generally given to all hatchery salmon and steelhead trout to distinguish them from wild naturally reproducing fish.
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Figure 1.17 (concluded) Anglers are allowed to harvest adipose clipped salmon and steelhead but must release those with intact adipose fins to preserve naturally reproducing stocks.
(D) Hole punches are used to mark fish by using a paper punch to punch a hole in the fin. Photo courtesy of Larry Conboy, University Graphics, EWU. (E) Fish marked with
fin clips and hole punches may regenerate the fin or hole but the clip or punch can still be recognized for many years after the marking event because the fin usually doesn’t
completely regenerate and the hole punch leaves a recognizable scar. See Figure 1.18, 1.19, 1.20, 1.21 and 1.22 respectively for information about how freeze branding, floy tags,
elastomer marks, coded wire tags (CWT) and passive integrated transponder (PIT) tags are applied to fish.
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Figure 1.18

Freeze branding was a method used for marking batches of Columbia and Snake River salmon smolts during the 1970s and
early 1980s in conjunction with smolt transportation studies. Fish were collected as they passed over Lower Granite Dam
and divided into two equal sized groups. One group was marked with a particular freeze brand and allowed to migrate in
river through the remaining seven dams on the mainstems of the Snake and Columbia Rivers that lie along their route to
the Pacific Ocean. The other group was batch marked with a different freeze brand and transported by either a tank truck
or barge (through locks at each dam) and released below Bonneville Dam. The number of fish from either group returning
to Lower Granite Dam was determined. (A) Freeze brands were applied using a vat of liquid nitrogen that was attached to
the brand. (B) Fish were pressed against the brand, (C) which left its imprint in the fish (D). However, many of the marks
were not permanent or become indistinct as the fish aged, and the technique fell out of favor as coded wire tags (CWT) and
passive integrated transponder tags (PIT) became available (see Figures 1.21 and 1.22 for more details).
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Floy tags are a piece of monofilament with a T-bar at one end, and a vinyl tube around the shaft of the monofilament at
the other end that contains a number that uniquely identifies each fish and information to anglers about where to send the
tags if they recapture the fish. T-bar Floy tags are inserted using a continuously feeding tagging gun into the musculature
adjacent to the dorsal fin. After inserting the needle deep enough to ensure the T-bar is beneath the pterygiophores (bony
elements that anchor the dorsal fin), the handle of the tagging gun is squeezed to release the tag. The gun is rotated 90
degrees to prevent the tag from being pulled out when the needle is withdrawn from the fish. The tag is then tugged to
determine if it is lodged underneath the pterygiophores or is loose and pulls free. Floy tags are one of the most commonly
applied marks in making mark-recapture type population estimates. Tag loss is common, so tag retention studies need to
be performed to assess tag loss. Two types of retention studies are commonly used to estimate tag retention. In the first
type of tag retention study, fish in the field are double or triple marked using a combination of techniques e.g., Floy tag
in combination with a fin clip. When fish are recaptured they are carefully examined to determine if they have retained
both marks. In this manner the percentage of fish loosing each type of mark can be determined. In the second type of tag
retention study, fish are brought into the lab. Half of the fish are marked with Floy tag and the other half are not marked
(controls). The fish are held in the tanks for several months and the number of fish that die in the tank is recorded to
determine if applying Floy tags increases the mortality rate of tagged fish. The fish are also examined for retention of Floy
tags at weekly intervals to determine how long the fish retain the Floy tags.
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Figure 1.20

Elastomer tags. (A) Elastomer is a binary compound composed of a phosphorescent pigment and liquid curing agent.
Binary means that the two liquids are kept apart, then mixed together. In (A) the curing agent is being added to the pigment. After mixing, the elastomer compound remains in a liquid state for about 3 hours, at which time it is injected using
a syringe into the clear tissue, either a (B) fin or (C) adipose tissue behind the eye of a fish. Within the 3 hour period the
elastomer compound solidifies into a piece of elastic (flexible) plastic material that remains in the fin. It is biologically
compatible (i.e., inert). Although visible to the naked eye, visibility of elastomer is enhanced by using ultraviolet light
in combination with amber glasses. (D) A fish with an elastomer mark behind the eye. (E) Shows how elastomer mark
behind the eye is enhanced by UV light. The UV light causes the elastomer to phosphoresce. The amber glasses cut the blue
glow of the UV light off the skin and scales of the fish, making the phosphorescing elastomer more conspicuous. Common
locations for injecting elastomer include pectoral, pelvic, dorsal or anal fin rays and the adipose eyelids (in salmonid
fishes). Elastomer comes in a variety of colors. Because elastomer is simply a color mark, and since there are a limited
number of locations on the fishes body where it can be applied effectively, elastomer is most often used for marking
batches of fishes. However, applying different colors or combinations of colors to different fins can create as many as 400
distinctive marks. Because elastomer marks can fade or be lost over time, it is necessary to conduct tag retention studies
similar to those described for Floy tags (see caption Figure 1.19 for details).
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(A) Coded wire tags (CWT) are very small pieces (0.5–1.0 mm long × 2.25 μm in diameter) of magnetized stainless steel wire.
Binary codes etched into the metal were formerly used to identify a batch of fish. (B) At present, each tag has an alphanumerical code that can identify individual fish. Depending on the number of fish to be tagged, (C) hand held injectors or (D,
E) fully automated injectors can be used. The body location where the tag is injected is critical for high tag retention rates. In
salmonids the tag is usually inserted into the snout of a juvenile fish. (E) Custom made head molds are used on automated
injectors to accurately position the fish to receive the tag. Fish in hatcheries and at dams are usually tagged using automated
tag injectors. The fish is then passed through a quality control device to determine if a tag has been successfully implanted.
A metal detector in the quality control device detects the presence of the tag, which trips a relay that shunts the fish into
a raceway. Fish which were not tagged do not trip the relay and are shunted into a collection bucket for fish that need to
be retagged. Long term tag retention can be determined by passing fish through the quality control device a second time
several months after they were tagged. (F) Fish with coded wire tags embedded in tissue of snout. Photo courtesy of Alaska
Department of Fish and Game. (G) Coded wire tags in adult fish are usually detected by waving a hand held coded wire tag
detector that resembles a wand over the head of the fish, or (H) holding the fish and running its head through a v-shaped tag
detector. The red light indicates the presence of a CWT. Fish that bear tags have to be killed and the tag
Figure 1.21 continued on next page
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Figure 1.21 (concluded) removed to read either its binary code or alphanumeric code. (I) A cork borer is used to remove the tag from
the tissue in which it is embedded. (J) The recovered tag is attached to a magnet and read under 20–30 × magnification
using a dissecting microscope. The primary advantage of using coded wire tags is that they are small (so can be used to
tag small fish) and they almost never cause infection. However, histological examination of 44 chum salmon tagged in
the snout with CWTs, revealed substantial damage to one of the olfactory nerves in 18 fish (Morrison and Zajac 1987).
Such damage should be of particular concern because of the well documented role of olfactory imprinting in the homing
behavior of Pacific salmon (Scholz et al. 1976; Hasler and Scholz 1983). Coded wire tags are relatively inexpensive to purchase and apply (cost is about 5–10 cents per tag). The primary disadvantage is that fish need to be killed to recover and
read the tag to obtain useful information about that fish. The CWT system revolutionized management of Columbia River
salmon. By 1999, over 40 million salmon smolts were being tagged with CWTs annually. Since 1968, 78 agencies in 5 states
and British Columbia have used 45,901 codes and 817 miles of wire to tag approximately 1.3 billion salmon and steelhead
trout, so many that a Regional Mark Processing Center (RMPC) was established that compiled information about recoveries of CWT tagged fish at several locations in the Pacific Ocean, Columbia River and other locations on the Pacific Rim.
The RMPC at the Pacific States Marine Fisheries Commission (PSMFC) has databases for CWT releases and recoveries. See
paper by Johnson (2004) for more details.
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Passive Integrated Transponder (PIT) tags were invented in the 1980s. PIT tags are electronic chips connected to a wire coil (the antenna) surrounding a core. The entire assembly is encased in a glass tube 12.0 mm long × 2.1 mm in diameter. (A, B) The computer chip contains a unique alphanumeric code. PIT tags are normally injected into the body
cavity by a hypodermic syringe that has been modified to accommodate the tag. (C) shows the placement of a tag in the body cavity.
(D) A PIT tag scanner / detector is used to scan a fish for PIT tags. The scanner / detector is placed over the fishes abdomen and a button is depressed. This sends an electronic
signal into the fish that temporarily energizes the antenna coil, which, activates the electronic chip, which in turn sends its alphanumeric code back to the pit tag scanner / detector, where it is displayed on a screen. Pit scanners / detectors have a maximum range of 7.6 cm (3 in). The main advantage of PIT tags are their small size and weight
(since they don’t require batteries), which enables the tagging of small fish (e.g., small salmonids about 100 mm TL). Also no biological (growth and survival) or performance
(swimming speed and stamina) effects have been documented (Guy et al. 1996). The main disadvantaged of PIT tags is cost, about $5.00–$6.00 per tag, although PIT tags used
for fisheries projects in the Columbia River Basin are purchased in bulk at a cost of $2.00–$3.00 apiece by the Bonneville Power Administration, which then supplies them to
various BPA funded projects that require the use of PIT tags. Also, PIT tag scanner / detectors cost about $2,000.00–$5,000.00 each. Automated PIT tag detectors have been
installed in fish ladders to detect PIT tagged fish passing through the ladder. A fish bearing a PIT tag activates a relay which shunts the fish into a collection chamber until it can
be examined. In Lake Pend Oreille, Idaho, IDFG has installed automated PIT tag detectors on several tributary streams to detect passage of bull trout into that tributary.
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A

PIT tag injection system, showing placement of tag in body cavity of fish, and PIT tag detector.
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Figure 1.23

(A) Ultrasonic and radio transmitters, are devices that emit a signal from a tagged fish that can be detected remotely.
Humans and fish can typically hear sounds that range from about 20–20,000 hertz’s (Hz) (cycles per second). Standard
amplitude modulation (AM) radio uses frequencies of 550–1,600 Hz and standard frequency modulation (FM) radio uses
88–108 megahertz (MHz). Ultrasonic transmitters send out signals that can be detected neither by fish nor humans, at
frequencies of 20–300 kilohertz (KHz). Radio transmitters broadcast at frequencies in the 27–300 MHz range. (B) Shows
a typical ultra range transmitter along side of a coho salmon. Ultrasonic and radio transmitters may be attached to the external surface of the fish, or (C) in the case of sexually mature adult salmon, inserted down the esophagus into the stomach
with a plastic tube. Placing the transmitters into the gut of sexually mature salmon works because adults stop feeding and
begin to reabsorb their digestive organs during their spawning migration and so have little tendency to either regurgitate or
defecate the transmitter. (D) Ultrasonic or radio transmitters may also be surgically implanted in the body cavity.
Figure 1.23 continued on next page
A. T. Scholz

45

Chapter 1

D₁

D₂

D₃

D₄

Figure 1.23 (concluded) (D₁) Using a scalpel to cut a small hole in the side of the fish big enough to insert a transmitter. (D₂) Inserting
a transmitter into the hole. (D₃) Suturing the incision. (D₄) Applying an antiseptic and Nexband plastic bandage over the
stitches. Because the transmitters placed on the external surface generally add considerable form drag, it is usually advisable to implant the transmitter internally by either of the methods described above. In general, the transmitters should
weigh less than 2% of the body weight of the fish being tagged. Ultrasonic transmitters are composed of a battery that is
attached to a capacitor and resistor that cause a ceramic transducer (a material that changes shape) to vibrate at a particular frequency. It may broadcast continuous wave or pulsing signals. Pulsed signals use less energy and increase transmitter
life. These components are either placed in a water proof plastic capsule or “potted” in epoxy or urethane. The pulse length
(“on” time), pulse rate (number of pulses per minute) or pulse interval (time between pulses) can be used to identify an
individual transmitter. Ultrasonic signals are received by an underwater directional hydrophone composed of an identical ceramic transducer that matches the transducer on the transmitter. This transducer is enclosed in a cone that assists in
obtaining directional information from the signal (see Figure 1.24 for more details). Radio transmitters are constructed on
the same principle as ultrasonic transmitter except their signal is transmitted through an antenna rather than a transducer.
Radio signals are received by a variety of directional antenna types on the surface. Environmental information, such as
temperature of the water, depth at which the fish is swimming, and physiological information, such as EKG (electrocardiogram) signals that monitor heart rate, can be encoded in ultrasonic or radio transmitter signals.

46

Fishes of Eastern Washington: A Natural History

Introduction

A

B₁

B₃

B₂

Figure 1.24

Receivers, hydrophones and antennas used to track signals from ultrasonic or radio transmitters. (A) A directional hydrophone connected to a receiver that converts the ultrasonic signal to an audible tone on a tracking boat is one method used
for tracking fish implanted with ultrasonic transmitters, which broadcast their signal underwater. The fish is tracked by
turning up the gain on the receiver and searching for a signal by slowly rotating the cone of the hydrophone 360 degrees.
The boat is moved in the direction of the fish until a signal of equal strength is picked up over the full 360 degree sweep of
the hydrophone. This indicates the position of the fish. The researcher then uses a device e.g., a sextant or global positioning system (GPS), to plot the position. Typically, when fish are followed closely, positions are recorded at 0.25 or 0.5
hourly intervals, and a track map is created. (B₁, B₂, B₃) A directional antenna connected to a receiver on a boat, truck,
airplane / helicopter, or satellite is used for tracking fish implanted with radio transmitters, which broadcast their signals
in air. As the antenna is rotated a null spot identifies the direction of the fish. (C) Automated ultrasonic receivers, attached
to buoys which are positioned at intervals throughout a lake, reservoir or river, continuously “listen” for a fish to swim by.
When a fish happens to swim by its identification number, date, time and other information such as depth and temperature
at which the fish is swimming is recorded on the receiver. The receivers are downloaded at approximately biweekly intervals
by transferring the information recorded on them to a laptop computer. In the Columbia River, between Rufus Woods
Reservoir and Keenleyside Dam (RM 594.8–795), WDFW, EWU and BC Hydro maintains an array of approximately 66
tracking buoys that listen for signals from tagged white sturgeon, kokanee salmon, and other species of fishes.
Figure 1.24 continued on next page
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Figure 1.24 (continued) (C₁) Deploying a buoy with an ultrasonic receiver attached in Lake Roosevelt. (C₂) The ultrasonic receiver
(black cylinder) attached to white EWU receiver buoy. (C₃) Downloading the information recorded on the receiver onto a
laptop computer using a bluetooth device. Automated radio tracking receivers can be set up on shore adjacent to a river or
at the mouth of a tributary stream in a lake to listen for a radio signal from fish implanted with radio transmitters (D). In
the Pend Oreille River / Lake system, Idaho, The Battelle Pacific Northwest National Laboratory (PNNL) and EWU maintain an array of radio receivers at Albeni Falls Dam, near the mouth of Priest River, on a railroad bridge across the Pend
Oreille River below Pend Oreille Lake, and at each of the principal tributaries that flow into Pend Oreille Lake, to monitor
the movements of bull trout. (D₁) Yagi antennae connected to receivers that are (D₂) downloaded onto a laptop computer at biweekly intervals are used to keep track of the movements of tagged fish. Some of the receivers are connected
to modems that allow us to download information from them at a desk in our lab. Bull trout in this system are produced
in tributaries of Pend Oreille Lake or in the Priest River. Many individuals in each tributary are adfluvial fish. Juveniles
make a migration to Pend Oreille Lake to grow and mature. They subsequently make a reproductive migration back to
their natal tributary. We know this because bull trout in each tributary of the lake, and in the Priest river, have genetically
distinctive DNA, so that a fish collected from the lake can be typed and its spawning tributary determined.
Figure 1.24 continued on next page
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Figure 1.24 (concluded) Some of these bull trout wash out of the lake and down the Pend Oreille River during periods of high discharge and entrain over or through Albeni Falls Dam. Because there is no fish ladder at Albeni Falls Dam, these fish are
unable to return to their natal tributary to contribute their genes to the spawning populations. This has gradually reduced
the numbers of spawners returning to each tributary and resulted in a loss of genes from each distinctive spawning
population. Hence, we are capturing bull trout below Albeni Falls Dam and releasing them above the dam so they have
a chance to migrate back to their natal tributary. We punched a hole in the anal fin of each fish and sent it to the United
States Fish and Wildlife Service Genetics Laboratory in Abernathy, Washington who extracted DNA from the sample and
compared it to the genetic database of DNA of bull trout from the Pend Oreille system and made a prediction about which
tributary the fish will spawn in. We test these predictions by implanting a radio transmitter into the fish, then using the
radio telemetry array, as well as air flights, to track the movements of the fish back to Pend Oreille Lake, and then into a
particular spawning tributary. So far, we have found that bull trout return remarkably well to the stream that the USFWS
predicted they would return to. For details of the results of this study see the section on bull trout behavior and ecology in
the Chapter 16. (D₃) A pair of bull trout, including one with a radio antenna sticking out of its side, that had returned to a
spawning tributary.
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Each type of estimate is based on certain mathematical and biological assumptions. An investigator must be able to demonstrate the
validity of these assumptions, so must also collect data to assess them.
There are two main types of fish population estimators used in
lakes and streams:
1. Estimates based on mark–recapture data (e.g.,
Petersen Estimate, Schnabel Multiple Census
Estimate, Jolly-Seber Estimate, Popan Estimate); and
2. Removal–depletion estimators (e.g., Zippin
Estimator, Seber and LeCren Method).
Mark-Recapture Estimators
One method that can be used to make population estimates uses
mark-recapture techniques. Three types of mark-recapture estimates can be made:

And

1.

R must be ≥ 7; and

2.

The product of M × C must be greater than 4 × N.

Biological assumptions for using the Petersen estimator include:
1.

The population is closed. i.e., no fish are added to or
lost from the populations between the first and second
trips either through immigrations / emigration or
through recruitment / mortality (or values for these
parameters are negligible and can be estimated);

2.

Marked fish were randomly distributed throughout
the area sampled or sampling effort was random;

3.

Mortality rate of marked fish is the same as unmarked fish;

4.

Marked fish are caught at the same rate as unmarked
fish. i.e., There is an equal probability of capturing a
marked or unmarked fish in relative proportion to
their abundance in the population;

5.

Marks are not lost during the period intervening between the capture and recapture events, so obtaining
an estimate of tag retention is important;

6.

Capture and recapture effort is somewhat uniform;

2. Open population estimates; and

Closed populations change in size a negligible amount due to
births, deaths, immigration or emigration during the study period between the date(s) the marks are applied and the date the
recapture sample is made. Open populations fluctuate in size due
to births, deaths, immigration, or emigration. Open population
models calculate values for each of these parameters and apply
them to modify the population estimate. Robust population estimates link several temporally closed estimates together, allowing
for birth, death, immigration, and emigration to occur between
the separate closed events.
Petersen and Schnabel estimates are two types of mark-recapture estimates that assume population closure. Petersen estimates are used for estimating small populations of fish. Petersen
estimates are based on going out one day and capturing a sample of fish from an unknown population (N) and marking them
(M). Subsequently, fish from the same population are captured
on a second trip, some of which are recaptured marked fish (R)
and others which are unmarked (U). The number of recaptured
marked fish plus unmarked fish captured on the second day are
summed to provide the total catch on the second day (C = R + U).
An estimate of the unknown population can be derived from the
data by solving a ratio:
N  C
=
M  R

95% CI = 1.96 × SE

This means that 5% of the time, the actual population is not
described by the 95% CI, N[± 1.96 SE (N)].
Mathematical assumptions for using the Petersen estimator
(see Robson and Regier 1964) include:

1. Closed population estimates;

3. Robust population estimates.

(N−M) (N−C)
  
SE (N)=
MC (N−1)
   
    

Chapman’s (1951) modification of the Petersen Estimator the
form of the Petersen Estimator that is most often used:
   (M+1) (C+1)
N=
   R+1
with 95% CI calculated using the formula:
    (N2 (C−R)
SE (N) =
     (C+1)(R+2)
	 

Rearranging this equation:
   MC

    =
N
   R

The unknown (N) can be solved by substituting the known numerical values for M, C, and R.
Accuracy of the estimate is determined by calculating the 95%
confidence intervals (CI). The 95% CI is estimated by multiplying
the standard error by 1.96:
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The + 1 and + 2 in the above formulae corrects for small sample
bias (Chapman 1951).
For populations so large that it is not possible to obtain 7 recaptures on the second day, several more trips are taken to obtain a
sufficiently large number of recaptures, so as to narrow the 95% CI
of the estimate. In this case, a Schnabel Multiple Census Estimator
is used to estimate the population. Several trips are taken and on
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each trip any unmarked fish are marked and added to the number
previously marked. The Schnabel Estimator is:
n

N=

where:

∑
t=1
n

∑
t=1

(MtCt)
(R t)

N = estimated population;
Mt = total number at large at start of trip t (i.e. total
number of fish marked prior to trip t);
Ct = total number of fish caught (R + U) on trip t;
Rt = total number of recaptures made through trip t;
n = total number of trips made.
The 95% CI for a Schnabel Estimator is approximated from charts
or tables, appropriate to the Binomial or Poisson Distributions , using R as the entering variable. (See Appendix II, p. 343 in Ricker 1975.)
Assumptions for a Schnabel multiple census estimate are the
same as those for a Peterson estimate except that R needs to be ≥ 11.
Also, since marked fish are at large for a longer period, particular
attention needs to be paid to tag retention and ancillary studies
need to be accomplished to account for it. Two approaches to account for tag retention are:
1.

Fish in the field are marked with two or more different types of tags, e.g., a Floy tag plus an elastomer
mark or hole punch in one of the fins. Recaptured
fish are then examined to determine the percent
retention of each type of mark.

2.

Fish are brought back to the lab and held in tanks.
Half of them are marked and the other half are
left unmarked. The fish are examined weekly to
determine the number surviving in each group and
marked fish are examined to determine if they retained the mark. This type of study provides not only
information about tag retention (see assumption 5
above) but also if the marked fish survived at the
same rate as unmarked fish (see assumption 3 above).

Also, in studies that estimate very large populations of fish, it
may take several weeks or even months to mark a sufficient number
of fish to get an adequate number of recaptures that will keep the
95% CI low. One problem with this is that fish must be of a certain
size in order to be tagged with certain tags. For example, walleye
need to be about 170 mm TL before they can be safely tagged with a
Floy tag without causing mortality. In a two month interval, a walleye can grow about 30 mm in TL. This means that individuals that
are 150 mm TL at the start of the marking session are too small to tag
at the start of the session but can recruit into population of walleye
≥ 170 mm TL before the end of the session. Therefore, it is essential to
collect information about the age and growth rates of individual fish
in the population being assessed.
Finally, in studies with long marking sessions, the assumption
of population closure is almost certainly violated because of immigration into or emigration from the study area. This is most often assessed by determining the percentage of tagged fish that are
recovered outside of the study area, for example, by anglers. As

an alternative, radio-tracking or ultrasonic-tracking studies can be
conducted to determine the extent of movements of the fish.
When using closed population estimators, the assumption
that marked and unmarked individuals have an equal probability
of recapture relative to their proportion in the environment is untestable. Otis et al. (1978) and White et al. (1982) presented computer models, called CAPTURE, which relaxed the assumption
of equal catchability due to three variations: time (Mt), behavior
(Mb), and heterogeneity (Mh). The simplest model (Mo), assumes
capture probabilities are constant on each sampling occasion,
while the remaining models relax the idea of equal catchability:
Mt capture probabilities vary based on capture occasion (i.e., cold,
rainy nights -v- warm, balmy nights or different capture methods
used); Mb capture probabilities vary due to behavioral response
(e.g., trap-happy or trap-shy); and Mh capture probabilities vary
due to unique individual differences (e.g., home range size, social dominance, or differences in age or sex). Combining these
sources of variation, the most relaxed model, Mtbh, allows probabilities to vary for all three reasons. The remaining models Mth,
Mtb, and Mbh, relax equal catchability by combining two sources
of variation. Each source of variation and combinations of variation has unique assumptions. These assumptions are covered in
great detail by Otis et al. (1978).
To accompany these models, the CAPTURE program contains
10 population estimators, maximum likelihood estimators (MLE’s),
for models Mo, Mt, Mb, Mbh, and Mtb, Chao’s estimator for models
Mt, Mh, and Mth, the jackknife estimator for model Mh, and the
generalized removal estimator for models Mo, Mb, Mh, and Mbh.
There is no estimator for model Mtbh in CAPTURE. Input into the
CAPTURE program includes a fish number, and a binary string of
0’s and 1’s that represent the sampling occasion and if the fish was
caught on that sampling occasion (0 indicates that the fish was
not caught, 1 indicates that it was caught on that sampling occasion) for each fish in the sample. For example, a binary string, 0144
0010010000000010 tells us that there were 16 sampling occasions
and that Fish No. 0144 was first marked on the 3rd sampling occasion and recaptured on the 6th and 15th sampling occasions. A binary string 1132 0000000001000001 tells us that Fish No. 1132 was
first marked on the 10th sampling occasion and recaptured on the
16th sampling occasion. The output of CAPTURE provides population estimates and 95% CI for each of the 10 models. Furthermore,
there is a procedure in CAPTURE that uses a linear discriminate
classifier to select the best model based on the sample data, named
the goodness-of-fit test.
The Jolly Seber estimator assumes that the population is open.
The Jolly-Seber formula (Seber 1982) is:
Nt = Mt (nt + 1) ÷ (mt + 1)
where:
Nt = the estimated population just before time t;
Mt = the total number of marked fish (i.e., sum of all
fish marked and still in the population) just before time t:
nt = the total number of fish (marked + unmarked )
captured at time t; and
mt = the total number of fish caught at time t.
Before solving for Ni, a value for Mi must be calculated using
the formula:

A. T. Scholz

51

Chapter 1

Mt = (Rt +1 ⁄ rt +1) Zt+ mt

where:
Mt = the number of marked fish in the population
just before time t;
Rt = the number of marked fish released at time t;
Rt = the total number of recaptures marked at time t;
Zt = the sum of all recaptures made later than time i
of fish marked before time t;
Mt = the total number of marked fish caught at time t.
Note: What this formula does, instead of using the total number of fish marked through time t like the Schnabel estimate, it
makes use of the pattern of recaptures of marked fish over several sampling intervals to account for population gains (either due
to recruitment or immigration) or losses (either due to mortality
or emigration). These data are then used to adjust the number of
marked fish that are in the population at time t. Notice that the
formula is unable to distinguish what is causing the change, it
merely accounts for the change. i.e., Mt could be lower than the
total number marked before time t due to either increased mortality or emigration, and the number of marked fish relative to
unmarked fish in the population could be lower owing to either
recruitment to the population (because unmarked fish grew to a
size where they could be marked) or immigration of unmarked
fish into the population.
The 95% confidence intervals for a Jolly-Seber estimate are determined by calculating the variance and standard error (SE) as follows:
		
where:

Pt = mt- nt
SE (Nt) =

Var Nt
95%
  CI = 1.96 × SE

Mathematical assumptions of a Jolly-Seber estimator can be met
if at least 11 recaptures are made. Biological assumptions include:
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Either marked fish are randomly distributed throughout the sampling area or sampling effort is random;

6.

All emigration from the sampled population is permanent.

7.

Sampling is independent; and

8.

Sampling is instantaneous.

Popan is another open population estimator based on the JollySeber estimator. The Popan estimator is described by the formula:
Nt = Mt ⁄ αt
where:
Nt = the estimated population size just before time t ;
Mt = [(St+1)Zt ⁄ (Rt+1)] + mi ;
αt = (mt+1 ⁄ nt +1)Mt
and:
Mt = estimate of the marked population just before
time t;
St = total number of fish released at time t;
Zt = total number of fish marked before but not
caught at time t;
Rt = number of St fish released after time t;
mt = the number of marked fish captured at time t;
αt = estimate of the proportion of the
population unmarked;
nt = the total number of fish captured at time
t (mt +ut);
ut = the number of unmarked fish captured at time t.

1 1
1−Pt
= { Mt−mt+Rt
Var Nt  
[ − ]+
}
Mt     rt Rt    mi

Nt, Mt, mt, nt, Rt and rt are defined above; and

1.

Does not assume population closure. Estimates apparent survival / mortality, recruitment and population size.
Apparent survival is the probability that a fish alive
in the population at time t remains alive and in the
population at time t + 1. Mortality included deaths and
emigration. Recruitment included fish that grow to a
taggable size or immigrate into the population between
times t and t + 1;

2.

All fish marked and unmarked have the same probability of capture on each sampling occasion;

3.

All fish have the same probability of surviving and
remaining in the population between time t and t + 1,
if it was alive immediately after time t;

4.

5.

Marked fish do not loose their marks;

Popan has the same assumptions as described above for the
Jolly–Seber estimator plus one more. All unmarked individuals
have the same probability of entrance at time t.
Originally designed due to concerns about estimator robustness pertaining to heterogeneity, the robust design is a type of
population model that combines Cormack-Jolly Seber type estimates and closed capture models. With the robust design, multiple capture occasions are combined together (forming the secondary period) to estimate survival intervals between clusters
of closed events (denoted the primary period) (Williams et al.
2002). One can estimate more parameters more robustly and efficiently using this design. The Jolly-Seber open model method
for estimating survival rate tends to be robust to heterogeneity in
detection probability, but its abundance and recruitment estimators are not. Therefore, by using closed population estimators for
abundance and Jolly–Seber estimators for survival rate, the overarching robust model is more robust to heterogeneity, hence the
name. This design is easily implemented in program MARK and is
described in great detail in Kendall et al. (1995, 1997) and Kendall
and Nichols (1995). The pioneering work for this design is found
in Pollock (1981a, 1982).
Some advantages of using robust design include:
1.

Finer control over model design;

2.

All parameters are estimable if there is no temporary emigration;

3.

If there is temporary emigration it can be estimated;
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4.

It is possible to separate recruitment from immigration when there are two age classes modeled;

5.

The estimators have better precision, and the estimates of abundance; and

6.

Recruitment are robust to variation in capture probability.

scribes both the accuracy and complexity of the actual data when
compared to the model. Given a set of actual data, several candidate population estimate models are ranked according to their
AIC, with the model having the minimum AIC being the best. The
likelihood of a given model is the QAIC c weight, which represents
the likelihood of that model being the best of the models run so far.
It is calculated using the equation:

Assumptions with this model include those for both open and
closed models. The closed model assumptions pertain to the primary period (clusters of closed events) and the open model assumptions pertain to the secondary period (joining those clusters).
Program MARK is a powerful tool in which most open and
closed population estimator programs based on mark–recapture
studies were combined into one comprehensive software program
(Cooch and White 2010). The basic input into Program MARK is
the encounter history followed by the number of individuals that
had that history. For example, a binary string 010010001000 4
would indicate that 4 individuals were marked on the second sampling occasion and recaptured on the 5th and 9th of 12 total sampling
occasions. Another binary string 101001000100 1 would indicate
that 1 individual was marked on the first sampling occasion and
recaptured on the 3rd, 6th, and 10th sampling occasions. A third
binary string 100100100100 12 would indicate that 12 individuals
were marked on the first sampling occasion and subsequently recaptured on the 4th, 7th, and 10th sampling occasions. Parameters
for population estimation or survival can be constrained to be the
same across re-encounter occasions, by age, by group or by time
using parameter index matrices or by design matrices.
MARK uses matrices to define real and Beta parameters which
assist the user to define the relationships between time and group
variability. These relationships help explain inconsistencies in survival and capture probability for the users’ encounter histories (the
input files which provide capture and recapture likelihoods of individuals sampled in the population). Experiments with copious
amounts of recapture data have the best chance of most accurately
fitting a complex model with many parameters to the encounter
histories, and then show variable probability of capture due to behavioral or temporal effects. Conversely, experiments with sparse
recapture data must reduce the total number of parameters to begin to see trends in their encounter histories and find a well-fitting
model that best describes reality.
After loading the encounter histories and specifying the model
desired, the user opens the parameter matrix indices (PIM) to define the number of parameters that will be estimated, and then
the design matrix (DM) is used to further constrain the parameter
set. The PIM first defines the set of real parameters and the DM allows further constraints to be placed on them. By modifying the
matrices, the user determines the total number of parameters that
will be estimated within the DM. Additional constraints are placed
within the DM through definition of Beta parameters. MARK automatically ranks the models based on their QAICc weight.
Program MARK computes the estimates of model fit using maximum-likelihood theory, which provides estimators that are both
broadly applicable and simple to apply. Maximum-likelihood estimators are consistent, asymptotically unbiased and normally distributed.
The Akaike Information Criterion (AIC) provides a comparison
between multiple models. It is grounded in the concept of information entropy, which describes a relative measure of the information lost when a given model is used to describe a data set. It de-

QAIC c = -2 log Likelihood / C-hat+2K+2K(K+1) / (ness – K-1)
where:
c-hat = the quasi-likelihood parameter;
ness = the sample size; and
K = the number of parameters specified.
Popan is one of many population estimators contained in MARK.
Popan provides a parameterization of the Jolly-Seber model that
is particularly robust (Schwarz and Arnason 1996), meaning that
sparse data (i.e., a low number of recaptures in comparison to the
population e.g. in a population of 30,000 individuals, 3,000 individuals are marked and there are only 100 recaptures) can be utilized
to run population estimates. The Popan data type in MARK emulates
this model. Four PIMs are created for each group: phi (apparent survival), p (capture probability given the fish is alive and in the study
area), pent (probability of entry into the population per sampling
occasion) and N (super-population size).
Removal-depletion Estimators
Removal–depletion population estimators depend on catch-perunit-effort (CPUE) data to make a population estimate rather than
mark-recapture data. The simplest removal-depletion estimator is
the Two-Step Method (Seber and LeCren 1967; Platts et al. 1983).
Using this method, two passes are made through a sample area. In
the first pass, fish are removed from the population, and the number of fish removed and the amount of effort required to do this are
recorded. A second pass is then made through the same area. In the
second pass, fewer fish are present in the sample area (i.e., the population was depleted by removing fish in the first pass), so if the same
amount of effort is expended on the second pass that was expended
on the first pass, logic dictates that fewer fish should be caught. The
difference in catch rates on the first and second passes can be used to
compute the population.
This is a popular method used by federal, state and tribal fisheries and land management agencies in the Pacific Northwest to determine fish population densities in small streams using backpack
electrofishers. Typically two passes are made on the same day, one
right after the other; so this technique has advantages (in terms of
time and money) over mark–recapture methods which must be
done over a minimum of two days. Fish collected on the first pass
are kept alive in buckets or ice chests until after the second pass
is completed. Then, all of the fish captured during both passes are
released alive back into the area they came from.
When two passes are made the population is estimated using
the equation:

A. T. Scholz

  N =
where:

(U1)2
(U1-U2)
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N = estimated population size;
U1 = number of fish collected on the first pass;
U2 = number of fish collected on the second pass.
The standard error (SE) of the estimate is calculated by:
	 
  	

  (U1)² (U2 )² T
  (N) =
SE
(U₁- U₂)⁴
  
  

where:
SE (N) = standard error of the population estimate;
T = total number of fish collected (U₁ + U₂).
Ninety-five percent confidence intervals (95% CI) are placed
around the estimate by multiplying the standard error by 1.96.
Two step removal / depletion estimator biological assumptions include:
1. No fish can move in or out of the sample area.

and held in buckets or coolers until all passes are made. The Zippin
Method is used to estimate the population. The Zippin Method
uses a maximum-likelihood model that calculates probabilities reduced to easily used graphs. The Zippin Method determines the
total number of fish removed and divides it by the proportion of
fish captured on all removal occasions to provide an estimate of
the population. The first quantity required is the total number of
fish removed (T):
T = U₁ + U₂ + U₃ + U₄
where:
T = total number of fish removed;
U₁ = number of fish collected on the first pass;
U₂ = number of fish collected on the second pass;
U₃ = number of fish collected on the third pass;
U₄ = number of fish collected on the fourth pass.
Next , the ratio (R) must be determined using the formula:
    

2. Each fish has an equal probability of being captured.
3. The probability of capture is constant over all removal
occasions. (Note: This is a critical assumption that requires effort to be constant on all removal occasions.)
These assumptions are usually met during sampling small
streams in the Pacific Northwest by backpack electrofishing and:
1. Placing block nets at the upstream and downstream
ends of the study site to prevent fish from moving
into or out of the study area.
2. Keeping the shock time as close as possible on each
pass. A timing device that records the number of seconds of shocker on-time is used to ensure that effort
is uniform on all removals.

R=
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i=1

k

(i−1 )Ui

    T
where:
R = ratio;
Ui = number of fish collected on the ith removal;
K = the number of removals;
T = the total number of fish removed.
The ratio for four removals is calculated:
R =

(1–1)U₁ + (2–1)U₂ + (3–1 )U₃ + (4–1)U₄
T
R=

U₂ + 2U₃ + 3U₄

T
The population is then estimated by the formula:

3. Using a well seasoned crew that performs the same
tasks on each pass to insure consistency in effort
between each pass.
Two step removal mathematical assumptions include that the
number of fish sampled during the second pass must not exceed
50% of the fish sampled on the first pass. This is because if the
number of fish sampled on the second pass is ≥ 50% of the number
sampled on the first pass, the standard error will be high, leading
to an unreliable estimate.
In situations where fish are abundant, the number of fish captured on the second pass may exceed 50% of the fish on the first
pass, and additional passes must be made and a different estimator (the Zippin estimator) used (Zippin 1958). This model is based
on the work of Moran (1951) and Burnham’s maximum-likelihood
(Burnham et al. 1987). Generally, four passes are made. Platts et
al. (1983) experimented with using two-, three-, four-, five- and
six- passes and determined that the four pass method provided
results that were nearly as reliable as using six pass, and that it was
more efficient, when time and money were considered than making six passes. So, if the population cannot be reduced by at least
50% on the second pass compared to the first pass, four passes
are made. The procedure is essentially the same as the two pass
method. The fish from each pass are removed from the population

∑

  T
N=
   Q

where:
N = the estimated population;
T = the total number of fish collected;
Q = the proportion of fish captured during all removals .
Q is determined by a graph (Figure 1.25 ). The ratio (R) is used
to find the point on the curve that corresponds to the Q value.
The formula for calculating the standard error of the Zippin
four-pass removal method is:
       N(N−T)T
SE (N) =
(kP)2
T  
−N
(N−T
)
2
1−P
     
   
   
   
     
     
where:             	

	 
   

		

N, T, R and K were defined above, and
P = the estimated probability of capture during a
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single removal and is obtained from a graph
(Figure 1.26). The ratio (R) is is used to find the
point on the graph that corresponds to P.
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The 95% CI are determined by multiplying the SE (N) × 1.96.
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Aging fish: back-calculating growth from scales
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Figure 1.25

Graph used to determine the estimated proportion
(Q) of fish captured on all removals from the ratio
(R). The ratio (R) is used to find the point on the
curve that corresponds to the Q value. See text for
explanation for how to calculate R.
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Fish can be aged using a variety of bony structures, e.g., scales,
otoliths (“ear” stones), opercular bones, cleithra, dorsal or pectoral
spines. When scales are used they are projected onto the screen
of a microfiche reader (Figure 1.27a). Ages can be applied to fish
based on daily rings (circuli) where the bone grows concentrically
around the focus of the scale, resembling a tree ring. In spring and
summer, growth is relatively fast and the circuli are spaced widely
apart. In fall and winter, growth is relatively slow and the circuli
are spaced closer together. Thus a fish that is 2 years old is identified by having widely spaced rings, followed by closely spaced
rings (producing the first annulus), followed by widely spaced
rings, followed by closely spaced rings (producing a second annulus) (Figure 1.27b). A fish that has some additional widely spaced
rings beyond the second annulus would be designated as age 2 +
(Figure 1.27b). Also, the closely spaced rings may not grow completely around the focus and instead be truncated against the thick
rings. This is called “cutting over” and is usually a good indicator
that an annulus has been formed. The technique works better at
northern latitudes than southern latitudes because the seasons are
more distinct in the north.
Scales have been the bony structure of choice when aging fish
because it is nonlethal to the fish. Otoliths are embedded in the
fish’s skull, and require killing the fish to extract them (Figure 1.28).
However, otoliths typically allow for more precise age determination than scales. In studies of white and black crappies, fish from
southern latitudes were aged more precisely using otoliths than
scales, whereas at northern latitudes otoliths and scales produced
similar age estimates (reviewed by DeVries and Frie 1996). I have
aged fish in eastern Washington primarily based on scales to avoid
killing the fish. Washington Department of Fish and Wildlife
(WDFW) has aged fish both by the scale and otolith methods.
Scales and otoliths can also be used to back-calculate the growth
of fish. Measuring the fish at the time it is captured is usually not
a very good indicator of its growth relative to fish in other populations because fish from one population may be captured several
weeks later during the growing season than fish from the first population, and, consequently, would have put on a couple of extra
weeks of growth. In an attempt to make growth comparable, it is
possible to use scales or otoliths to back-calculate the fish length
at the formation of each annular mark. Thus, the growth of two
populations can be compared at the time the first annulus, second
annulus, etc. were formed. I have used either the direct proportion
method or the Fraser Lee method to back-calculate growth from
scales of numerous eastern Washington fish populations.
The direct proportion method used the formula:

Ratio (R)
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Figure 1.26

where
A. T. Scholz

Graph used to determine estimated probability (P) of
capture during a single removal from the ratio (R).
The ratio (R) is used to fin the point on the diagonal
line that corresponds to P. See text for explanation
for how to calculate R.
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Total scale length (62 mm)
Length to 2nd annulus (52 mm)

circulii
2nd annulus
cutting over
first annulus

Length to 1st annulus (25 mm)

center of focus

Figure 1.27
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(A) Aging a walleye scale by projecting the scale on a microfiche reader. Age of the fish, length of the fish at time of
capture, total scale length (from focus to the edge of the scale), and the lengths from the focus to each annulus are entered
into the computer to the left of the microfiche reader. Photo courtesy of Larry Conboy, University Graphics, EWU. (B)
Close-up of trout scale showing measurements needed to back calculate growth. See text for explanation.
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Figure 1.28

(A) Extracting an otolith from the skull of a kokanee salmon. Otoliths often provide a better estimate of age than scales
but require killing the fish. The base of the skull has been cracked open. Needle is pointed at one of a pair of otoliths.
The second is underneath the needle. (B₁) Otoliths are extracted using forceps and placed in a vial. (B₂) Enlarged view of
Otolith. (C) Otoliths can be used to age fish. Opaque (dark) rings represent faster growing season growth. Translucent
(light colored) rings represent slower winter growth. The fish above was aged at 5 years old. (D) Otoliths usually must also
be sectioned and polished before they can be used to age fish. Dyes like Strontium Chloride placed in the fish's food can be
used to place a permanent mark on an otolith. This enables fisheries scientists to mark very small fish as soon as they begin
to eat food in a fish hatchery and stock them as fry.
A. T. Scholz
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LA = the back-calculated length when a particular
annulus was formed (in mm);
SR = the scale radius from the focus to the outer edge
of the scale at the time the fish was captured
(in mm);
SA = the scale radius from the focus to the annular
mark in question (in mm); and
LC = the total length of the fish at the time of capture
(TL in mm).
Essentially what this formula does is to establish relative proportions for each of the annular marks to the scale radius that
yields a decimal percentage. This decimal percentage was then applied to the total length of the fish at the time of capture to determine the total length achieved at the formation of each annulus.
The Fraser Lee method was used to account for growth before
the scale was laid down.

         
L −a
LA = C
× SA + a
          
SR

where LA, SR, SA, and LC are defined as above and
a = intercept of the body scale regression line
(= the size of the fish at the time the first scales
appeared on its body).
To calculate a the total body length (mm) (x-axis) was regressed against the scale radius (mm) (x-axis) for each fish in the
population under examination. The intercept (a) was obtained
from regression analysis by finding the best line that fit those data
points. The point where the line intercepted the y-axis indicated
the length of the fish (mm) at the time the scales were laid down.
The a value was then subtracted from the length at time at capture
before determining the relative proportion of each annular mark
to the scale radius. This decimal percentage was then applied to
the total length of fish at the time of capture to determine the total
length achieved at the formation of each annulus. The intercept
value was added back to each length to yield an unbiased estimate
of length at each age.

Fish food habits
Traditional Diet Analysis Methods
To determine what types of prey fish were eating, the contents of
their stomachs were recovered by using gastric lavage (stomach
pumping) techniques (Foster 1978; Meehan and Miller 1978; Hyslop
1980; Light et al. 1983). A piece of tubing, connected to a pump, was
inserted into the stomach via the esophagus (Figure 1.29). Stomach
contents were aspirated and collected on a fine mesh screen. All
stomach contents were fixed in 10% formalin and then transferred
to 70% ethanol.
Efficacy of the lavage technique was determined by sacrificing 5% of the lavaged fish. After the stomach had been pumped,
the fish was killed and stomach removed by cutting anterior to
the esophagus and posterior to the pyloric sphincter. The whole
stomach was preserved and analyzed separately from the lavaged
stomach contents to determine what still remained in the stomach
after pumping it. In the laboratory, the contents from the lavaged
sample and whole stomach sample were analyzed separately then
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added together to obtain a total number of each type of prey item.
The number of that prey item lavaged was divided by the total
number of that prey item (i.e., number lavaged + number remaining in stomach) to estimate the percentage removed by the lavage
technique. This percentage was used to generate a correction factor that was applied to samples that were only lavaged. The lavage
technique removed about 95–100% of the stomach contents and
generally removed each type of prey in proportion to its availability in the stomach.
Diet analysis was usually determined by collecting fish at
monthly intervals during the growing season or in each month of
the year. In the lab, a Nikon SMZ-10 dissecting microscope with
fiber optic point illumination and fiber optic ring illumination
systems was used to sort stomach contents and identify prey organisms (Figure 1.30a). Each prey item was identified, enumerated,
and weighed. The average values calculated for each month during
the growing season or year were combined to provide a growing
season of annual mean value. From these data frequency of occurrence, the numerical percentage, and the weight percentage of each
type of prey in the diet could be determined (Bowen 1983).
The frequency of occurrence was the percentage of stomachs that
contained at least one individual of a particular prey item. For example, suppose in a sample of 10 stomachs collected during one month
one individual contained 10 worms, one had 7 worms, one had 3
worms, one had 2 worms, and 6 had 0 worms. That species would
have a 40% frequency of occurrence of worms during that month.
The numerical percentage of each food item in the diet was calculated by dividing the total number of a particular prey organism
in the diet by the total number of all prey organisms found in the
diet. The monthly averages were used to calculate the mean annual
numerical percentage of each prey item in the diet.
The weight percentage of each food item in the diet was calculated
by dividing the weight of a particular prey by weight of all the prey
items in the stomach. The monthly averages were used to estimate
the mean annual weight percentage of each prey item in the diet.
Frequency of occurrence, percent by number, and percent by
weight of prey organisms the fish stomachs are biased if used individually when assessing the bioenergetic contribution of a prey item
to a fish’s metabolic requirements or the overall importance of particular prey organisms to the consumer (Windell 1971; Bowen 1983).
Frequency of occurrence takes into account only the presence or
absence of prey and not the number or biomass of each prey group.
The prey may be frequently found in fish stomachs, thus yielding a
high frequency of occurrence, yet they may be too few in number or
weight to contribute significantly to the energy requirements of fish.
Numerical percentages overemphasize the importance of small sized
prey (e.g. zooplankton) that may be present in large numbers in fish
stomachs but have lower nutrient value than large prey (e.g. fish or
crayfish) that occur infrequently in the diet. Since nutritional value
is approximately proportional to weight – weight percent is often
used to determine a prey group’s importance in the consumer’s diet.
However, as it takes more time for a fish to locate, capture, handle,
and digest larger prey, percent by weight may over emphasize the relative importance of large prey that occur infrequently in the diet. For
example, suppose that 10 rainbow trout in a population consume a
total of 10,000 Daphnia pulex (water fleas) that collectively weigh 10
grams and one minnow that weighs 90 grams. The percent by number
would indicate that Daphnia (99.9%) was the most important item in
the diet whereas the percent by weight would indicate that the min-
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Figure 1.29

(A) Gastric lavage is used to remove stomach contents. A sprayer pump is fitted with a piece of flexible Tygon tubing, which
is inserted into the fishes stomach. The pump is filled with tapwater. A jet of water is squirted into the stomach. The water
is forced back out the fishes mouth along with the stomach contents into the screen of a fine-mesh sieve. B) Approximately
37 kokanee fry were consumed by this small walleye, which was collected about one hour after sunset, in the Sanpoil River,
a tributary of Lake Roosevelt. All of these kokanee were recently eaten because none of them were digested.
A. T. Scholz
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Figure 1.30
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C

(A, B) Examining the stomach contents of a lavaged walleye using a dissecting microscope. An analytical balance is used
to weigh each identified prey organism. The person sitting in front of the bright screen is entering stomach contents data
into a computer. (C) Comparing the bones of an unidentified fish to a bone in the EWU diagnostics bone collection so that
it can be identified.
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now (90.0%) is the most important item in the diet. Although the
data indicate that the minnow would provide more nutritional value,
caution must be exercised in making this interpretation because 90%
of the trout did not eat minnows. Thus, in this case, Daphnia, rather
than the minnow, may better indicate what contributes most to the
nutritional requirements of the rainbow trout population, although
those trout that do eat the minnows may get an energy boost that
they can store as body weight or gonad weight.
To address these biases, a hybrid formula (called the relative
importance index) that combines the data from frequency of occurrence (FO), percent by number, and percent by weight into a
single number that is a useful indicator of that prey item’s relative
importance in the diet of the fish has been derived (George and
Hadley 1979).
The relative importance index was calculated using the formula:
      a      

were rendered into skeletons. After bones were obtained, they were
measured to the nearest 0.01 mm using a digital caliper and regression analysis was conducted by comparing the length of the bone
(independent variable) to the length of the fish that the bone came
from (dependent variable). The result was a linear regression equation that related fish length to the diagnostic bone measurement. A
length / weight regression was then used to estimate the weight of
the fish based on its length.
The EWU fish bone reference collection contains bones from
the following species (*denotes skeleton available for comparisons;
t
denotes length, weight, regression date available for cleithrum,
dentary, opercle, pre-opercle)
• Cyprinidae (minnows): chiselmouth*,t, goldfish*,t,
carp*,t, tui chub*, peamouth*,t, golden shiner*,t, fathead minnow*,t, northern pikeminnow*,t, longnose
dace*,t, speckled dace*,t, redside shiner*,t

RIa = 100AIa ⁄ ∑
AIa
n=1

n

• Catostomidae (suckers): longnose sucker*,t, bridgelip
sucker*,t, largescale sucker*,t, mountain sucker*

	                          

where

• Siluriformes (bullhead catfish): black bullhead*, yellow bullhead*, brown bullhead*,t, channel catfish*

RIa = the relative importance of food item a;
AIa = absolute importance of food item a (i.e.,
frequency of occurrence + numerical percent + weight% of food item a in the diet), and;
n = number of different food types.

• Esocidae (pikes): redfin pickerel*, northern pike*,t,
tiger muskellunge*.

Relative importance index values for individual prey taxa range
from 0–100%, with the sum of all taxa totaling 100%. Prey taxa
with high RIa values were considered more important.
Identification of fish prey in the diet was largely based on diagnostic bones that identified particular species of prey (Figure 1.30c).
The flesh of fish prey is rapidly digested in comparison to the exoskeleton of invertebrates. To obtain diagnostic bones, identifiable
prey organisms were removed from the stomach and the remaining flesh and bolus material were digested enzymatically to ensure
that no diagnostic bones were overlooked.
The enzyme solution was prepared by mixing 2 tablespoons of
porcine pancreatin and 1 tablespoon of sodium nonhydrate with 1
gallon of warm distilled water (Taylor and VanDyke 1985; Caillet
et al. 1986; Zimmerman and Ward 1999). This solution was added
to the partially digested stomach contents and the sample was
incubated for 48 hours at 40°C. Samples were checked at 24 and
48 hours. After 48 hours the samples were then poured through
a multistage mesh screen (40 μm, 1 mm, 1.19 mm, 2.38 mm, and
4 mm mesh size) and diagnostic bones removed.
All fish prey were identified to the lowest taxonomic level possible by comparison to diagnostic bones (cleithra, dentary, opercle, pharyngeal arches, pre-opercle, vertebrae) in a EWU Biology
Department reference collection that contained bones from most
species of fishes that occur in eastern Washington, published diagrams of diagnostic bones (Hansel et al. 1988; Trippel and Beamish
1987; Frost 2000) were also used for making comparisons.
The collection of reference skeletons at EWU contains diagnostic bones from different sized individuals of each species of fish
found in eastern Washington, and equations relating specific
measurements of certain diagnostic bones to length of the fish
species. Bones in the collection were prepared by either feeding
the fish to colony of dermestid beetles or boiling them to remove
flesh. Lengths and weights of each fish were measured before they

• Salmonidae (Salmon, trout, charr, whitefish, grayling): lake whitefish*, pygmy whitefish*, mountain
whitefish*,t, westslope cutthroat trout*,t, yellowstone
cutthroat trout*,t, rainbow trout*,t, golden trout*,
kokanee*,t, Chinook salmon*, bull trout*,t, brook
trout*, lake trout*, tiger trout*.
• Gadidae (cods): burbot*
• Poecilidae (livebearers): western mosquitofish*
• Gasterosteidae (sticklebacks): brook stickleback*,t,
threespine stickleback*
• Cottidae (sculpins): prickly sculpin*, mottled sculpin*,
slimy sculpin*, shorthead sculpin*, torrent sculpin*
• Centrarchidae (sunfishes): green sunfish*,
pumpkinseed*,t, bluegill*,t, smallmouth bass*, largemouth bass*,t, black crappie*,t
• Percidae (perch): yellow perch*,t, walleye*
The number of each type of fish prey in the diet of an individual
predator was determined by counting the numbers of different
diagnostic bones from each side of the body. The highest count
was used to estimate the number of that prey species eaten by the
predator. Length of each individual prey item at the time it was
ingested by the predator was reconstructed by treating the total
length as the x variable in the diagnostic bone –v– total length regression and solving for y:
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y = ax + b
where
y = total length of prey at time of ingestion (mm);
x = diagnostic bone measurement (mm);
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a, b = constants determined for specific diagnostic
bones.
Weight of each individual prey item was reconstructed from
its estimated length using the equation:
wt = aL

b

where
wt = weight (g);
L = estimated total length (mm) at the time the prey
fish was ingested (i.e. the value of y in the previous equation);
a, b = constants derived from the length –v– weight regression of the sample of fish used to develop
the diagnostic bone measurements.
The above methods provided information about the number
and wet weight for each type of fish prey ingested by a piscivorous
fish. The average number (± SD), and the average weight (± SD)
were calculated for each month by summing the total number or
weight of each kind of prey in the predator’s stomach and dividing by the number of predator stomachs examined that contained
food. The mean annual number and weight of each kind of prey
was calculated by dividing the summed monthly average number and weight by the number of months. This annual average
of monthly averages eliminated any biases connected to differing
numbers of predators collected each month (Bowen 1996).
Bioenergetics Modeling Methods
The above type of traditional food habits analysis informs us about
what a fish eats but not how much of that prey item is eaten. The
reason is that it provides us with a snapshot in time whereas a fish
feeds almost continuously. To account for this most food habits studies collect fish stomach contents over a 24 hour period.
However, each particular kind of prey has its own rate of gastric
evacuation. (The gastric evacuation rate is defined as the time it
takes for a full stomach to be completely evacuated).
To measure the gastric evacuation rate of a particular kind of
prey, a group of starved fish is fed to satiation with one kind of
prey and feeding is stopped. A subsample of these fish are then
examined at regular intervals to determine the percentage of food
remaining in the gut (Elliot 1972; Elliot and Perrson 1978).
Let’s suppose a predator fish at 8°C has 1,000 Daphnia and 1 fish
in its stomach, and it takes the predator 12 hours to evacuate a full
stomach of Daphnia and 48 hours to evacuate a full stomach of
fish. This would imply that the predator is consuming about 2000
Daphnia and 0.5 fish in a day. Fish are poikilotherms, so their basal
metabolic rate and gastric evacuation rate increases with increasing temperature. Let’s suppose that our predator fish evacuates its
stomach of Daphnia in 24 hours at 8°C, 12 hours at 16°C, and 6
hours at 24°C. This would imply that the predator had consumed
2,000 Daphnia in 24 hours at 8°C, 4,000 Daphnia in 24 hours at
16°C, and 8000 Daphnia in 24 hours at 24°C.
Bioenergetics equations are employed by fish biologists to better estimate consumption rates (Kitchell et al. 1974, 1977). The bioenergetics equation is:
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Energy consumed = Energy (used + lost + stored)
C = (RS + RA + SDA) + (F + U) + (GS + GR) · ƒT
(metabolism) + (waste) + (growth)
where
C = amount of food consumed;
RS = Energy metabolized standard metabolic (respiration) rate;
RA = Energy metabolized measured as metabolic rate
(respiration) increase (above the standard rate)
due to activity;
SDA = specific dynamic action (energy metabolized
to process and assimilate food stuffs, especially
protein). It is usually calculated as a constant
fraction of the energy consumed and averages
about 15–20% for carnivorous and omnivorous
fishes (Adams and Breck 1990);
F = Energy lost due to fecal excretion;
U = Energy lost due to urinary excretion;
GS = Energy stored in growth of somtic cells;
GR = Energy stored in growth of gonads (gemetes);
ƒT = Function of water temperature (°C).
Fecal and urinary losses are usually a constant and proportional
to temperature. The life history of a fish dictates how consumed
energy is partitioned into metabolism, somatic cell growth, and
gamete production. For example, sedentary ambush predators partition ingested energy differently from actively swimming species
that forage continuously. Both types of fishes allocate similar proportions of the energy obtained from the food they consume (C)
to standard metabolism (RS) food assimilation (specific dynamic
action) (SDA) and waste losses (F + U). However, the actively
swimming species expend a much larger fraction of their energy
on active metabolism (RA) whereas sedentary species expend relatively little energy on active metabolism and devote a much larger
proportion of their energy into somatic cell growth (GS) and gonad
growth (GR) (Kitchell 1983). However, actively swimming species
can actually achieve higher growth rates than sedentary species by
maintaining higher feeding rates.
Other important features of bioenergetics models include:
1. The caloric densities (heat content) of each type of
prey are accounted for. This is important because
different amounts of energy can be extracted per unit
weight (joules ⁄ gram of tissue) of different kinds of
prey. For example, cladoceran (e.g. Daphnia) energy
density was estimated at about 2,500 joules ⁄ gram
wet weight, yellow perch (a fish with little fat) energy
density was estimated at about 5,200 joules ⁄ gram
wet weight, and alewife (fat herring-like fish) was
estimated at about 7,300 joules ⁄ gram wet weight.
Thus, a fish must eat 3 grams of cladocerans per 2
grams of perch or 1 gram of alewive to gain the same
amount of energy.
2. Increasing water temperature increases the rates of
respiration, specific dynamic action, fecal excretion,
urinary excretion, and food consumption in a fish.
However, above an upper limit of temperature, food
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Figure 1.31

Wisconsin Bioenergetics 3.0 computer software was used for bioenergetics modeling of total fish consumption.

consumption decreases. Bioenergetics models account for the thermal experience of the fish population being modeled.
3. Coldwater and warmwater fishes have different digestion rates, with warmwater species having digestion
time that are less than 24 hours between meals and
coldwater species having digestion times that are
more than 24 hours (up to several days) between
meals. Bioenergetics models calculate C (the daily ration in % of body weight ⁄ day) using different formulae for coldwater and warmwater species (outlined by
Adams and Breck 1990).
Scientists at the University of Wisconsin Laboratory of
Limnology, have been at the forefront of bioenergetics modeling,
and have developed a computer program that can be applied to
most species of fish (Figure 1.31).
Bioenergetics models have been employed to predict food consumption rates by a population of fishes and evaluate the impacts
of predators on their prey (Kitchell and Breck 1980; Stewart et al.
1981, 1983). In this formulation, values are obtained for all of the
parameters on the right side of the bioenergetics equation and C
is calculated. The C value is the consumption by an individual fish
in the population. Assuming that information is available from
traditional food habits assessment C can be partitioned into the
energy obtained from different kinds of prey. If the population of
the species being modeled is known, the consumption rate for a

particular kind of prey by the entire population can be determined
by multiplying the individual consumption rate for that kind of
prey by the estimated population. If the population of the prey species is known, the percentage of the prey population consumed by
the fish being modeled can also be determined.
For example, bioenergetics models have been used to investigate the predation by northern pikeminnow, walleye, and smallmouth bass on salmon and steelhead smolts migrating downstream in the Snake and Columbia River reservoirs (Poe et al. 1981,
1984; Riemann et al. 1991; Vigg et al. 1991; Ward et al. 1991; Tabor
et al. 1993; Collis and Beatty 1995; Shiveley et al. 1996; Peterson
and Ward 1999; Peterson and Kitchell 2001). Northern pikeminnow, smallmouth bass, and walleye predation was estimated
to consume 7–17% of all the salmon and steelhead that annually migrate through John Day Reservoir on the Columbia River
(Peterson 1984). Northern pikeminnow alone consume about 16
million juvenile salmonids annually, or about 8% of the nearly 200
million smolts that migrated down the Columbia River annually
(Beamesderfer et al. 1996).
Bioenergetic modeling has also been used to determine the impact of walleye predation on kokanee and rainbow trout in Lake
Roosevelt, the reservoir behind Grand Coulee Dam (Baldwin et al.
2003). The objective of this study was to determine the number of kokanee and rainbow trout released from Sherman Creek hatchery that
were consumed by walleye. In 1999, a population of 16,610 walleyes
consumed 54,073 kokanee or about 15% of 360,487 kokanee released
from the Sherman Creek hatchery within 41 days of release (Baldwin
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et al. 2003). In 2000, a population of 12,223 walleye consumed 34,076
kokanee, or about 9.4% of 362,521 kokanee, and 4,839 rainbow trout,
or about 7.3% of 66,288 rainbow trout, released from the Sherman
Creek hatchery within 41 days of release (Baldwin et al. 2003).
Bioenergetic models have also been used for a variety of purposes by fisheries scientists, including:
1. Understanding how fish partition energy between
metabolism, locomotion, and growth;
2. Estimating the rates at which pollutants are taken in
by fishes; and
3. Evaluating the relative importance of environmental
factors that control growth such as temperature or
prey availability.
Carbon / Nitrogen Stable Isotopes
Stable isotope analysis provides a temporally integrative assessment
of trophic position and food resource utilization by examining assimilated isotopes of Nitrogen (¹⁴N / ¹⁵N) and carbon (¹²C / ¹³C) into
the tissues of a consumer (DeNiro and Epstein 1981; Mingawa and
Wada 1984; Peterson and Fry 1987; Post 2002). Stable isotope values
are presented as δ¹³C and δ¹⁵N, which are the differences in abundance between a sample and the corresponding standard for each
isotope. All organisms naturally assimilate some of each isotope into
tissues, with the heavier isotope being less abundant. However, some
primary producers assimilate more ¹³C than others due to differences in the metabolic pathways used for fixing carbon. In aquatic
ecosystems, periphyton (benthic algae attached to rocks on the bottom, often filamentous) assimilate significantly more ¹³C than the
phytoplankton (pelagic algae in the limnetic zone, usually single
celled). Thus, benthic carbon entering the food web can be distinguished from pelagic carbon by periphyton’s significant enrichment
in δ¹³C over phytoplankton (France 1995). When a primary consumer eats a primary producer the amount of heavy carbon that is
assimilated by the consumer will be similar to that of its prey. For
example, zooplankton (e.g., Daphnia sp.) consuming mainly phytoplankton will contain significantly less δ¹³C than a snail consuming
mainly periphyton. This trend continues up the food chain. For example, kokanee salmon that consumes mainly Daphnia will contain
significantly less δ¹³C than a peamouth which eats mainly snails.
Heavy nitrogen does not accumulate differentially in phytoplankton and periphyton. Instead, it accumulates differently in different
trophic levels such that it can be used to identify the trophic level
an organism occupies. Relative trophic status of an organism is usually indicated by a 3–4% increase in δ¹⁵N between prey and predator.
Figure 1.32 illustrates a hypothetical isotope plot which can be used to
visualize an aquatic food web and the relationship between δ¹³C and
δ¹⁵N. The main feature of this diagram is that it shows that a portion of
the food web is dependent on limnetic (phytoplankton-fixed) carbon
(limnetic food chain) and another portion is dependent on benthic
fixed carbon (benthic food chain). If a consumer has a mixed carbon
diet, it will have a δ¹³C signature that is intermediate between the limnetic and benthic food chains in this diagram. If an organism feeds
between trophic levels, e.g. if it eats equal amounts of periphyton and
snails, the heavy nitrogen will increase in the consumer but it will only
be a half trophic level above snails instead of a full level above snails.
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The main advantage of the stable isotope technique over traditional
food habits studies is that stomach content data represent a snapshot
in time, whereas stable isotope analysis integrates information about
the sources of dietary carbon over time periods ranging from months
to years (because the carbon has been assimilated into the flesh of the
consumer and is stored in its growth). Thus, stable isotope analysis
may provide a very different picture than traditional food habits analysis of what types of food are most important to the fish.
Stable isotope analysis is also potentially cheaper than conducting a traditional food habit analysis because the fish can be
collected on one field trip (since the analysis integrates what the
fish has been eating over a period of months to years). In contrast,
monthly or seasonal field trips are needed to assess annual feeding
habits by traditional methods. The laboratory analysis of samples
is also considerably less time consuming for conducting a stable
isotope analysis from a traditional food habits analysis. To conduct
a stable isotope analysis, a piece of muscle tissue is homogenized
before δ¹³C and δ¹⁵N are determined on a machine. In contrast,
a traditional food habits analysis requires up to several hours to
examine each stomach so that prey organisms in the stomach contents can be identified, enumerated, and weighed, thus it is timeconsuming, tedious, and laborious. The main disadvantage of the
stable isotope technique is that it does not precisely identify what
the consumer was eating.
One example of where a stable isotope analysis was used to
investigate a fish population in eastern Washington was at Lake
Roosevelt, the reservoir behind Grand Coulee Dam (Barlow 2000;
Black et al. 2003). Lake Roosevelt undergoes an annual drawdown
more extreme than most reservoirs, which effectively eliminates
benthic and littoral productivity (benthic carbon fixation) for the
duration of the drawdown. The drawdown typically begins in
January, peaks in May, and does not return to full pool until July.
The drawdown averages (ranges) about 15 (4.3–25) meters.
Thirty three taxa of primary producers (phytoplankton, periphyton), primary consumers (e.g. zooplankton, Daphnia sp., snails),
secondary consumers (e.g. kokanee, suckers, sculpins) and tertiary
consumers (e.g. walleye) where collected and stable isotope signatures for δ¹³C and δ¹⁵N were determined. Carbon isotope signatures were used to indicate the relative importance of limnetically
fixed versus benthically fixed carbon in the diet of each species.
Nitrogen isotope signatures were used to identify the trophic level
occupied by each species.
Distinct limnetic versus benthic carbon signatures were detected respectively for phytoplankton-zooplankton, and periphyton-snails (benthic organisms possessed greater ¹³C). However,
there were no organisms in the food chain above periphyton and
snails. Instead , virtually every other organism clustered above phytoplankton-zooplankton in the limnetic food chain (Figure 1.33).
Even species of fishes that are usually considered obligate benthivores (e.g., carp, suckers, sculpins) obtained 68–94% of their carbon from limnetic sources (Black et al. 2003).
Thus, in Lake Roosevelt virtually the entire ecosystem is supported by limnetically-fixed carbon. Reservoir operations (drawdowns) have essentially eliminated benthically fixed carbon production. Hence, any future reservoir operations that interfere
with limnetically-fixed carbon production, such as summer drawdowns to produce water for irrigation or water to enhance flows
for salmon, have the potential to greatly impact the growth rates of
fish in Lake Roosevelt.
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Hypothetical stable isotope plot which shows the stable isotope values for organisms in a limnetic and a benthic food
Figure 1.9. Hypothetical stable isotope plot which shows how consumers assimilate similar amounts of
chain. Thus, we can visualize what eats what. Arrows indicate what the organism is consuming. Blue boxes indicate a limheavy carbon, but more heavy nitrogen than that of its prey. Thus we can visualize what eats what. Arrows
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Stable isotope plot of the Lake Roosevelt food web. Notice that there is no food chain above the second trophic level
(1° consumer). Instead, normally obligate benthonivorous fishes such as sculpins and suckers, or species that feed on a
mixed limnetic and benthic diet, such as northern pikeminnow appear to be obtaining nearly ally of their carbon from
Figure 1.10. Stable isotope plot of the Lake Roosevelt food web. Notice that there is no food chain above
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CHAPTER 2
Checklists of Extant and Fossil Fishes
Found in Eastern Washington

I have observed all the species included on Table 2.1 either in the field
in eastern Washington or as voucher specimens collected in eastern
Washington placed in fish collections at museums. The fishes in
this list are arranged in the taxonomic order recommended by the
American Fisheries Society’s (AFS) Committee on Names of Fishes
(Nelson et al. 2004). Within each order, family, or subfamily, fishes
are arranged in alphabetical order by scientific name. The scientific
name is followed by the common name. Both names are the current
AFS approved names for these fish. Subspecies have been designated
for some salmonids following R. J. Behnke’s (1979, 1991, 2002) classification of the trout and salmon of North America. Behnke has
suggested that these names be assigned as official subspecies but the
AFS currently does not recognize them. I have included Behnke’s
proposed subspecies names on my list as varieties (var.) because
I feel that they represent evolutionary significant units within the
species. The list contains 37 species of indigenous native fishes (N)
and 43 species or subspecies of nonindigenous introduced fishes (I),
including the rare species listed at the end of the table.
Table 2.2 is a checklist of the fossil fish found in eastern Washington
and adjoining regions in British Columbia, Idaho, Montana, Oregon,
Nevada, and Utah. Fish fossils of Eocene age (57–35 MYBP) have
been found in the Klondike Mountain Formation near Republic,
Washington, the Roslyn Formation near Roslyn, Washington, the
Allenby Formation near Princeton, British Columbia, the Tranquille
beds near Kamloops, British Columbia, the Horsefly locality near
Quesnel, British Columbia, the Driftwood Creek locality near
Smithers, British Columbia, and the Kishenehn Formation along
the Flathead River in Montana and British Columbia. Fossil fish
from the Klondike Mountain Formation were described by Umpleby
(1910), Eastman (1917); Pearson (1967); Wilson (1977, 1978, 1979, 1980,
1982, 1996, 2001); Li et al. (1977); and Wilson and Li (1999). Fossil fish
from the Roslyn Formation, Kittitas County, Washington were described by Hesse (1936). Eocene fossil fishes from British Columbia

were described by Cope (1893); Hossakof (1916); Lambe (1916);
Eastman (1917); Wilson (1976, 1977a, 1977b, 1977c, 1979, 1980, 1982,
1984, 1987, 1988, 1992, 1993, 1996a, 1996b, 2001); Li and Wilson (1994,
1997); Wilson and Williams (1992); Li et al. (1997); Barton (1998);
Wilson and Bogan (1998), Barton and Wilson (1999); and Wilson
and Li (1999). Fossil fishes from the Kishenehn Formation were described by Constensius et al. (1989).
Fossil fishes of late Eocene to early Oligocene age (45–30 MYBP)
were found in the Clarno member of the John Day Fossil Beds near
the summit of Ochoca Pass in Crook County, Oregon. Cavender
(1968, 1969); Orr and Orr (1989); Grande and Beamis (1998); and
Grande and Pinna (1998) described these fossils.
Fish fossils of late Oligocene / early Miocene age (35–23 MYBP)
were found near the town of Grant, Beaverhead County, Montana,
and described by Cavender (1977).
Fossil fishes of Miocene age (23–5 MYBP) were discovered in the
Latah Formation at Clarkia, Idaho and Spokane, Washington; the
John Day Formation in northeastern Oregon, the Dalles Formation
near Arlington, Gillian County, Oregon; the Junutra Formation, in
Malheur County, Oregon; the Esmeralda Formation, near Silver Peak
in Esmeralda County, Nevada; and Truckee Formation near Hazen,
Churchill County, Nevada. Fish fossils from the Latah Formation
were described by Scheid (1937a, 1937b); Smiley et al. (1975); Smiley
and Rember (1985); Smith and Elder (1985); and Smith et al. (1985).
Fish fossils from the John Day Formation were described by Cope
(1880, 1889); Chaney (1924; 1927); Cavender (1968, 1969); and Orr
and Orr (1999). Fish fossils from the Dalles Formation were described by Cavender and Miller (1972). Fish fossils from the Junutra
Formation were described by Shotwell and Russe (1963); Lundberg
(1975) and Kimmel (1975). Fish fossils from the Esmeralda Formation
were described by Lucas (1900, 1901); Eastman (1917); LaRivers (1962,
1964, 1966); Lugaski (1977); Taylor and Smith (1981) and Smith et
al. (2002). Fish fossils from the Truckee Formation were described
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Table 2.1

Checklist of extant fishes known to occur in eastern Washington. The boxes at the end are for the
reader to check off to make a personal list of species observed. (Page 1 of 3.)

Order (-iformes)
Family (-idae)
Subfamily (-inae)
Genus species (Discoverer) ~ common name (N) native / (I) introduced
Order Petromyzontiformes
Family Petromyzontidae: lampreys
Lampetra ayresi (Günther, 1870) ~ river lamprey (N)
Lampetra richardsoni Vladykov & Follett, 1965 ~ western brook lamprey (N)
Lampetra tridentata (Gairdner, 1836) ~ Pacific lamprey (N)






Order Acipenseriformes
Family Acipenseridae: sturgeons
Acipenser transmontanus Richardson, 1836 ~ white sturgeon (N)



Order Clupeiformes
Family Clupeidae: herrings
Alosa sapidissima (Wilson, 1811) ~ American shad (I)



Order Cypriniformes
Family Cyprinidae: carps and minnows
Acrocheilus alutaceus Agassiz & Pickering, 1855 ~ chiselmouth (N)
Carassius auratus (Linnaeus, 1758) ~ goldfish (I)
Couesius plumbeus (Agassiz, 1850) ~ lake chub (N)
Cyprinus carpio Linnaeus, 1758 ~ common carp (I)
Gila bicolor (Girard, 1856) ~ tui chub (N)
Mylocheilus caurinus (Richardson, 1836) ~ peamouth (N)
Notemigonus crysoleucas (Mitchill, 1814) ~ golden shiner (I)
Pimephales promelas Rafinesque, 1820 ~ fathead minnow (I)
Ptychocheilus oregonensis (Richardson, 1836) ~ northern pikeminnow (N)
Rhinichthys cataractae (Valenciennes, 1842) ~ longnose dace (N)
Rhinichthys falcatus (Eigenmann & Eigenmann, 1893) ~ leopard dace (N)
Rhinichthys osculus (Girard, 1856) ~ speckled dace (N)
Richardsonius balteatus (Richardson, 1836) ~ redside shiner (N)
Tinca tinca (Linnaeus, 1758) ~ tench (I)
















Family Catostomidae: suckers
Catostomus catostomus (Forster, 1773) ~ longnose sucker (N)
Catostomus columbianus (Eigenmann & Eigenmann, 1893) ~ bridgelip sucker (N)
Catostomus macrocheilus Girard, 1856 ~ largescale sucker (N)
Catostomus platyrhynchus (Cope, 1874) ~ mountain sucker (N)






Order Siluriformes
Family Ictaluridae: bullhead catfishes
Ameiurus melas (Rafinesque, 1820) ~ black bullhead (I)
Ameiurus natalis (LeSueur, 1820) ~ yellow bullhead (I)
Ameiurus nebulosus (LeSueur, 1819) ~ brown bullhead (I)
Ictalurus punctatus (Rafinesque, 1818) ~ channel catfish (I)
Noturus gyrinus (Mitchill, 1817) ~ tadpole madtom (I)







Order Esociformes
Family Esocidae: pikes
Esox americanus Gmelin, 1789 ~ redfin pickerel (I)
Esox lucius Linnaeus, 1758 ~ northern pike (I)
Esox lucius x Esox masquinongy ~ tiger muskellunge (northern pike x muskellunge) (I)
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Table 2.1 continued Checklist of extant fishes. (Page 2 of 3.)
Order (-iformes)
Family (-idae)
Subfamily (-inae)
Genus species (Discoverer) ~ common name (N) native / (I) introduced
Order Salmoniformes
Family Salmonidae: salmon, trout, charr, whitefish and grayling
Subfamily Coregoninae: whitefish
Coregonus clupeaformis (Mitchill, 1818) ~ lake whitefish (I)
Prosopium coulteri (Eigenmann & Eigenmann, 1892) ~ pygmy whitefish (N)
Prosopium williamsoni (Girard, 1856) ~ mountain whitefish (N)
Subfamily Salmoninae: salmon, trout and charr
Oncorhynchus clarkii (Richardson, 1836) ~ cutthroat trout (N, I)
Oncorhynchus clarkii var. bouvieri ~ Yellowstone cutthroat trout (I)
Oncorhynchus clarkii var. henshawi ~ Lahontan cutthroat trout (I)
Oncorhynchus clarkii var. clarki ~ coastal cutthroat trout (I)
Oncorhynchus clarkii var. lewisi ~ westslope cutthroat trout (N)
Oncorhynchus gorbuscha (Walbaum, 1792) ~ pink salmon (N)
Oncorhynchus keta (Walbaum, 1792) ~ chum salmon (N)
Oncorhynchus kisutch (Walbaum, 1792) ~ coho salmon (N)
Oncorhynchus mykiss (Walbaum, 1792) ~ rainbow trout / steelhead trout (N,I)
Oncorhynchus mykiss var. aguabonita (Jordan, 1893) ~ golden trout (I)
Oncorhynchus mykiss var. gairdneri ~ interior (redband) rainbow / steelhead trout (N)
Oncorhynchus mykiss var. irideus ~ coastal rainbow / steelhead trout (I)
Oncorhynchus nerka (Walbaum, 1792) ~ sockeye / kokanee salmon (N)
Oncorhynchus nerka var. kennerlyi (Suckley, 1858) ~ kokanee salmon (N, I)
Oncorhynchus nerka var. nerka (Walbaum, 1792) ~ sockeye salmon (N)
Oncorhynchus tshawytscha (Walbaum, 1792) ~ Chinook salmon (N, I)
Salmo salar Linnaeus, 1758 ~ Atlantic salmon (I)
Salmo trutta Linnaeus, 1758 ~ brown trout (I)
2
Salvelinus confluentus (Suckley, 1858) ~ bull trout (N)
2
Salvelinus fontinalis (Mitchill, 1814) ~ brook trout (I)
2
Salvelinus namaycush (Walbaum, 1792) ~ lake trout (I)
Salvelinus fontinalis x Salmo trutta (hybrid) ~ tiger trout (I)
Subfamily Thymallinae: graylings
Thymallus arcticus (Pallas, 1776) ~ Arctic grayling (I)






























Order Percopsiformes
Family Percosidae: trout-perches
Percopsis transmontana (Eigenmann & Eigenmann, 1892) ~ sandroller (N)



Order Gadiformes
Family Gadidae: cods
Lota lota (Linnaeus, 1758) ~ burbot (N)



Order Cyprinodontiformes
Family Poecilidae: livebearers
Gambusia affinis (Baird & Girard, 1853) ~ western mosquitofish (I)



Order Gasterosteiformes
Family Gasterosteidae: sticklebacks
Culaea inconstans (Kirtland, 1841) ~ brook stickleback (I)
Gasterosteus aculeatus Linnaeus, 1758 ~ threespine stickleback (N)
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Table 2.1 concluded Checklist of extant fishes. (Page 3 of 3.)
Order (-iformes)
Family (-idae)
Subfamily (-inae)
Genus species (Discoverer) ~ common name (N) native / (I) introduced
Order Scorpaeniformes
Family Cottidae: sculpins
Cottus asper Richardson, 1836 ~ prickly sculpin (N)
Cottus bairdi Girard, 1850 ~ mottled sculpin (N)
Cottus beldingi Eigenmann & Eigenmann, 1891~ Paiute sculpin (N)
Cottus cognatus Richardson, 1836 ~ slimy sculpin (N)
Cottus confusus Bailey & Bond, 1963 ~ shorthead sculpin (N)
Cottus marginatus (Bean, 1881) ~ margined sculpin (N)
Cottus rhotheus (Smith, 1882) ~ torrent sculpin (N)
Order Perciformes
Family Centrarchidae: sunfishes
Lepomis cyanellus Rafinesque, 1819 ~ green sunfish (I)
Lepomis gibbosus (Linnaeus, 1758) ~ pumpkinseed (I)
Lepomis macrochirus Rafinesque, 1819 ~ bluegill (I)
Micropterus dolomieu Lacépède, 1802 ~ smallmouth bass (I)
Micropterus salmoides (Lacépède, 1802) ~largemouth bass (I)
Pomoxis annularis Rafinesque, 1818 ~ white crappie (I)
Pomoxis nigromaculatus (LeSueur, 1829) ~ black crappie (I)
Family Percidae - perches
Perca flavescens (Mitchill, 1814) ~ yellow perch (I)
Sander vitreus (Mitchill, 1818) ~ walleye (I)
Species reported but very rare
Family Cyprinidae - Ctenopharyngodon idella (Valenciennes, 1844) ~ grass carp (I)
Family Cyprinidae - Rhinichthys umatilla (Gilbert and Evermann, 1894) ~ umatilla dace
Family Ictaluridae - Ictalurus furcatus (LeSueur, 1840) ~ blue catfish (I)
Family Ictaluridae - Pylodictis olivaris (Rafinesque, 1818) ~ flathead catfish (I)
Family Cyprinodontidae - Fundulus diaphanous (LeSueur 1827) ~ banded killifish (I)
Family Centrarchidae - Lepomis gulosus (Cuvier, 1829) ~ warmouth (I)
Family Percidae - Sander vitreus x S. canadensis ~ saugeye (walleye x sauger) (I)
Family Serrasalmidae3 - Mylossoma spp. ~ pacu






























¹ Behnke (1979,1991,2002) classified the golden trout as a subspecies of rainbow trout Oncorhynchus mykiss aguabonita. I
believe that Behnke’s classification accurately reflects the relationship between golden trout and rainbow trout because they
can interbreed to produce fertile hybrids. Hence, we believe that Behnke’s classification better describes the evolutionary
divergence between the two forms and better fits the biological species concept than the AFS classification which treats the
two forms as the same species;
² Fishes belonging to the salmonid genus Salvelinus are often described as charr rather than trout;
³ The Family Serrasalmidae includes the piranhas. The pacu is a vegetarian piranha. A single specimen of pacu was collected
in Clear Lake, Spokane County, Washington in 1982. None have been collected during extensive sampling at Clear Lake since
1982.
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Table 2.2

Checklist of fossil fishes reported to occur in eastern Washington, Idaho, Montana, Nevada, Oregon, and British Columbia.
Fishes from the Ringold Formation, Washington, subdivided into White Bluffs (WB), Taunton (T), Lind Coulee (LC), and
Moses Lake (ML) units. Fishes from Lake Idaho, on the Snake River Plain in southeastern Idaho subdivided into Posion
Creek (PC), Chalk Hills (CH), Deer Butte (DB), Blackjack Butte (BJB), Glenns Ferry (GF), Bruneau (B), Grandview (G),
and Jackass Butte (JB) formations. Latah Formation at Clarkia Lake, ID is designated as Latah (CL). Klondike Mountain
(KM) at Republic, WA and Driftwood Creek (DC) at Smithers, British Columbia are designated by the abbreviation KM
and DC respectively. A dagger (†) indicates that taxon is only known from the fossil record. (Page 1 of 4.)

Order (-iformes)
Family (-idae)
Subfamily (-inae)
Genus species (Discoverer) ~ common name

Formation / Location

Geologic Age

Ringold (WB), WA
Ringold (T), WA

Miocene / Pliocene
Pliocene

KM @ Republic, WA
Allenby @ Princeton, BC
DC @ Smithers, BC
Horsefly @ Quesnel, BC
Quilchene @ Kelowna, BC

Eocene
Eocene
Eocene
Eocene
Eocene

Amia spp.

John Day (Clarno), OR

Eocene / Oligocene

Amia spp.

Kishenehn, MT & BC

Eocene / Oligocene

KM @ Republic, WA
DC @ Smithers, BC
Tranquille @ Kamloops, BC
Kishenehn, MT & BC
John Day (Clarno), OR

Eocene
Eocene
Eocene
Eocene / Oligocene
Eocene / Oligocene

Kishenehn, MT & BC

Eocene / Oligocene

Ringold (T), WA
Lake Idaho (DB, CH), ID
Lake Idaho (GF), ID
Lake Idaho (B, G), ID
Lake Chewaucan, OR
Mopung Hills, NV
Esmeralda, NV
Truckee, NV
Esmeralda, NV
Ringold (T), WA
Latah (CL), ID
Lake Idaho (GF), ID
Lake Idaho (B&G), ID
Lake Idaho (DB, CH), ID
Ringold (T), WA
Lake Idaho (DB&CH), ID
Lake Idaho (GF), ID
Lake Idaho (B&G), ID
Lake Bonneville, UT
Fossil Lake, OR
Lake Idaho (CH), ID
Ringold (WB), WA
Ringold (T), WA
Lake Idaho (DB&CH), ID
Lake Idaho (GF), ID
Lake Idaho (DB&CH), ID
Lake Idaho (GF), ID
Esmeralda, NV

Pliocene
Miocene / Pliocene
Pliocene
Pliocene / Pleistocene
Pleistocene
Pliocene
Miocene
Miocene
Miocene
Pliocene
Pliocene
Pliocene
Pliocene / Pleistocene
Miocene / Pliocene
Pliocene
Miocene / Pliocene
Pliocene
Pliocene / Pleistocene
Pleistocene
Pleistocene
Miocene / Pliocene
Miocene / Pliocene
Pliocene
Miocene / Pliocene
Pliocene
Miocene / Pliocene
Pliocene
Miocene

Order Acipenseriformes
Family Acipenseridae
Acipenser transmontanus Richardson, 1836 ~ white sturgeon
Order Amiiformes
Family Amiidae (bowfins)
†Amia hesparia Wilson, 1982 ~ western bowfin

Order Osteoglossiformes
Family Hiodontidae (mooneyes)
†Eohidon woodruffi Wilson, 1978
†Eohidon rosei (Hussakoff, 1916)
†Hiodon consteniorum Li & Wilson 1994 ~ Kishenehn mooneye
Family Hiodontidae (no genera or species described)
Order Clupeiformes
Family Clupeidae (herrings)
Family Clupeidae (no genus or species described)
Order Cypriniformes
Family Cyprinidae (minnows)
†Acrocheilus latus (Cope, 1870) ~ Lake Idaho chiselmouth

Gila bicolor (Girard, 1856) ~ tui chub
Gila c.f. bicolor (Girard, 1856)
†Gila esmeralda (LaRivers, 1962) ~ Esmeralda tui chub
†Gila trani Lugaski, 1979 ~ Truckee tui chub
†Gila turneri (Lucas, 1900)
†Klamethella milleri (Smith, 1975) ~ Snake River chub

†Lavinia (Idadon) condonianus (Cope, 1883)
†Lavinia (Idadon) hibbardi (Smith 1975) ~ Lake Idaho hitch

†Mylocheilus copei Smith & Kimmel 2002
†Mylocheilus heterdon Smith et al. 2000 ~ Ringold peamouth
†Mylocheilus inflexus (Cope, 1883)
†Mylocheilus robustus (Leidy, 1870) ~ Lake Idaho peamouth

Table 2.2 continued on next page
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Table 2.2 continued Checklist of fossil fishes. (Page 2 of 4.)
Order (-iformes)
Family (-idae)
Subfamily (-inae)
Genus species (Discoverer) ~ common name
Order Cypriniformes (continued)
Family Cyprinidae (continued)
†Mylocheilus whitei Smith & Kimmel 2002
†Mylopharodon doliolus Smith & Kimmel 1982 ~ Lake Idaho hardhead (1)
†Mylopharadon hagermanensis Uyeno 1961 ~ Lake Idaho hardhead (2)
†Orthodon ankgnathus Kimmel, 1975 ~ hooked-jawed blackfish
†Orthodon hadragnathus (Smith, 1975) ~ stout-jawed blackfish
†Ptychocheilus arciferus (Cope, 1870) ~ Lake Idaho pikeminnow

Richardsonius durranti ~ Lake Idaho redside shiner
Family Catostomidae (suckers)
Subfamily Ictiobinae
†Amyzon aggregatum Wilson 1977
†Amyzon brevipinne Cope 1893
†Amyzon spp. (no species described)
Subfamily Catostominae
†Catostomus (Pantosteus) arenatus Miller & Smith 1967 ~ Lake Idaho sucker
†Catostomus (Catostomus) cristatus (Cope, 1883) ~ Lake Idaho largescale sucker
Catostomus macrocheilus Girard, 1856 ~ largescale sucker
†Catostomus (Deltistes) owyhee (Miller and Smith, 1967)
†Catostomus shoshoenensis Cope, 1883 ~ Shoshone sucker
Catostomus c.f. tahoensis Gill and Jordan, 1878 ~ Tahoe sucker
†Chasmistes batrachops ~ Fossil Lake lake sucker
†Chasmistes c.f. batrachops
†Chasmistes oregonus (Starks, in Jordan 1907)
†Chasmistes spatulifer Miller & Smith, 1967 ~ Lake Idaho lake sucker
Catostomidae (no genera or species described)
Order Siluriformes
†Family Hypsidoridae (primitive catfish / bullhead)
†Hypsidoris oregonensis Grande & Depinna, 1998 ~ John Day toothed catfish
Family Ictaluridae (North American catfish / bullhead)
†Ameiurus hazenensis (Baumgartner, 1982)
†Ameiurus peregrinus (Lundberg, 1975)
†Ameiurus reticulatus Smith et al. 2000 ~ Ringold bullhead

†Ameiurus vespertinus Miller & Smith 1967 ~ western bullhead

†Ameirus c.f. vespertinus or reticulatus
(Intermediate between A. vespertinus and A. reticulatus)
Order Salmoniformes
Family Salmonidae (salmon, trout, charr, whitefish, grayling)
Subfamily Coregoninae (whitefish)
†Prosopium prolixus Smith 1975 ~ Lake Idaho whitefish
†Prosopium c.f. prolixus

Formation / Location

Geologic Age

Lake Idaho (PC), ID
Lake Idaho (PC), ID
Lake Idaho (CH), ID
Lake Idaho (GF), ID
Lake Idaho (B&G), ID
Lake Idaho (DB&CH), ID
Lake Idaho (DB&CH), ID
Lake Idaho (GF), ID
Ringold (WB), WA
Ringold (T), WA
Grande Ronde, OR
Lake Idaho (PC), ID
Lake Idaho (GF), ID
Lake Idaho (B&G), ID
Lake Idaho (GF), ID

Miocene / Pliocene
Miocene / Pliocene
Miocene / Pliocene
Pliocene
Pliocene / Pleistocene
Miocene / Pliocene
Miocene / Pliocene
Pliocene
Miocene / Pliocene
Pliocene
Pliocene
Miocene / Pliocene
Pliocene
Pliocene/Pleistocene
Pliocene

KM @ Republic, WA
Horsefly @ Quesnel, BC
Allenby @ Princeton, BC
John Day (Clarno), OR
Kishenehn, MT & BC

Eocene
Eocene
Eocene
Eocene / Oligocene
Eocene / Oligocene

Lake Idaho (GF), ID
Lake Idaho (DB&CH), ID
Lake Idaho (GF), ID
Lake Idaho (B&G), ID
Ringold (WB), WA
Ringold (T), WA
Lake Idaho (B&G), ID
Lake Idaho (DB&CH), ID
Lake Idaho (DB&CH), ID
Mopung Hills, NV
Fossil Lake, OR
Ringold (WB), WA
Ringold (T), WA
Fossil Lake, OR
Lake Idaho (BJB), ID
Lake Idaho (GF), ID
Lake Idaho (GF), ID
Grant, MT

Pliocene
Miocene / Pliocene
Pliocene
Pliocene / Pleistocene
Miocene / Pliocene
Pliocene
Pliocene / Pleistocene
Miocene / Pliocene
Miocene / Pliocene
Pliocene
Pliocene / Pleistocene
Miocene / Pliocene
Pliocene
Pliocene / Pleistocene
Pliocene
Pliocene
Pliocene
Oligocene

John Day (Clarno), OR

Eocene / Oligocene

Truckee, NV
Junutra, OR
Ringold (WB), WA
Ringold (T), WA
Ringold (LC), WA
Ringold (ML), WA
Lake Idaho (PC), ID
Lake Idaho (CH), ID
Lake Idaho (GF), ID
Lake Idaho (B&G), ID
Grande Ronde, OR

Miocene
Pliocene
Miocene / Pliocene
Pliocene
Pliocene
Pliocene
Miocene / Pliocene
Miocene / Pliocene
Pliocene
Pliocene / Pleistocene
Pliocene

Lake Idaho (BJB), ID
Grande Ronde, OR

Pliocene
Pliocene
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Table 2.2 continued Checklist of fossil fishes. (Page 3 of 4.)
Order (-iformes)
Family (-idae)
Subfamily (-inae)
Genus species (Discoverer) ~ common name

Formation / Location

Geologic Age

KM @ Republic, WA
DC @ Smithers, BC
Mopung Hills, NV
Fossil Lake, OR
Esmeralda, NV
Latah (CL), ID
Lake Idaho (GF), ID
Lake Idaho (CH), ID
Lake Idaho (GF), ID
Fossil Lake, OR
Ringold (WB), WA
Dalles, OR
Madras, OR
Yonna, OR
Lake Idaho (GF), ID
Latah (CL), ID
Lake Idaho (PC), ID
Lake Idaho (CH), ID
Lake Idaho (GF), ID
Truckee, NV
Grant, MT

Eocene
Eocene
Pliocene
Pliocene / Pleistocene
Miocene
Pliocene
Pliocene
Miocene / Pliocene
Pliocene
Pliocene / Pleistocene
Miocene / Pliocene
Pliocene
Miocene
Pliocene
Pliocene
Pliocene
Miocene / Pliocene
Miocene / Pliocene
Pliocene
Miocene
Oligocene

Ringold (WB), WA
Ringold (T), WA
Quartz Hills,OR
Grant, MT

Miocene / Pliocene
Pliocene
Miocene / Pliocene
Oligocene

John Day, OR

Oligocene / Miocene

Order Percopsiformes
†Family Libotoniidae (extinct family of trout perch)
†Libotonius blackburnensis Wilson 1977 ~ Allenby trout perch
†Libotonius pearsoni Wilson 1979 ~ Republic trout perch

Allenby @ Princeton, BC
KM @ Republic, WA

Eocene
Eocene

Order Cyprinodontiformes
Family Cyprinodontidae (killifish)
Fundulus nevadensis (Eastman 1917) ~ Nevada killifish
Fundulus (no species identified)

Truckee, NV
Esmeralda, NV

Miocene
Miocene

Order Gasterosteiformes
Family Gasterosteidae (sticklebacks)
Gasterosteus doryssus (Jordan 1907) ~ three-spine stickleback¹

Truckee, NV

Miocene

Lake Idaho (JAB), ID
Lake Idaho (CH), ID
Lake Idaho (BJB), ID
Lake Idaho (GF), ID
Lake Idaho (GF), ID
Lake Idaho (GF), ID
Lake Idaho (GF), ID
Lake Idaho (GF), ID
Lake Idaho (CH), ID

Pliocene / Pleistocene
Miocene / Pliocene
Miocene / Pliocene
Pliocene
Pliocene
Pliocene
Pliocene
Pliocene
Miocene / Pliocene

Horsefly @ Quesnel, BC
Roslyn, WA

Eocene
Eocene

Grant, MT

Oligocene

Order Salmoniformes (continued)
Family Salmonidae (continued)
Subfamily Salmoninae (salmon, trout, charr)
†Eosalmo driftwoodensis Wilson 1977
Oncorhynchus c.f. clarkii henshawi ~ Lahonton cutthroat trout
Oncorhynchus c.f. clarkii or mykiss gairdneri ~ cutthroat or rainbow trout
†Oncorhynchus cyniclope (LaRivers 1962) ~ Rabbithole cutthroat trout
?Oncorhynchus clarkii (Richardson 1836) ~ cutthroat trout
†Oncorhynchus (Rabdofario) lacustris (Cope, 1870) ~ Lake Idaho rainbow trout
†Oncorhynchus (Smilodonichthys) rastrosus (Cavender & Miller 1972) ~ saber-toothed salmon

†Oncorhynchus salax Smith 1975 ~ Lake Idaho sockeye/kokanee salmon
†Salvelinus (Paleolox) larsoni (Kimmel, 1975) ~ Lake Idaho bull trout

Oncorhynchus spp.
Salmonidae (no genus or species idenitifed)
Order Esociformes
Family Esocidae (pikes)
†Esox columbianus Smith et al. 2000 ~ Columbia muskellunge
Esox (no species identified)
Family Esocidae (no genera or species identified)
Family Umbridae (mudminnow)
†Novumbra oregonensis Cavender 1969 ~ Oregon mudminnow

Order Scorpaeniformes
Family Cottidae (sculpins)
Cottus bairdi Girard, 1850 ~ mottled sculpin
†Cottus calcatus Kimmel 1975 ~ Lake Idaho shorthead sculpin
†Kerocottus divaricatus Cope 1883
†Kerocottus hypocercas Cope 1883
†Kerocottus pontifex Cope 1883
†Myoxocephalus antiquus Smith 1975
†Myoxocephalus idahoensis Smith 1975 ~ Lake Idaho deepwater sculpin
Myoxocephalus spp.
Order Perciformes
†Family Priscacaridae (an extinct family of temperate bass)
†Priscacara aquilonia Wilson 1977 ~ northern priscacara
†Priscacara campi Hess 1936 ~ Roslyn priscacara
Family Perichtyidae (temperate basses)
Perichtyhyidae (no genera or species identified)
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Table 2.2 concluded Checklist of fossil fishes. (Page 4 of 4.)
Order (-iformes)
Family (-idae)
Subfamily (-inae)
Genus species (Discoverer) ~ common name
Order Perciformes
Family Centrarchidae
†Archoplites clarkii Smith & Miller 1985 Latah sunfish
†Acroplites molarus Smith et al. 2000 Ringold sunfish
†Archoplites septemspinosus (Cope 1889) John Day sunfish
†Archoplites taylori Miller & Smith 1967 Lake Idaho sunfish

†Archoplites c.f. molarus & taylori
Archoplites (no species identified)

Formation / Location

Geologic Age

Latah (CL), ID
Ringold (WB), WA
Ringold (T), WA
John Day, OR
Lake Idaho (PC), ID
Lake Idaho (CH), ID
Lake Idaho (GF), ID
Lake Idaho (B&G), ID
Ringold (LC), WA
Ringold (ML), WA
Grande Ronde, OR
Ringold (LC), WA
Ringold (ML), WA

Pliocene
Miocene / Pliocene
Pliocene
Oligocene / Miocene
Miocene / Pliocene
Miocene / Pliocene
Pliocene
Pliocene / Pleistocene
Pliocene
Pliocene
Pliocene
Plicoene
Pliocene

¹	I believe Gasterosteus doryssus is a synonym of Gaterosteus aculeatus.

by Hay (1907); Jordan (1907); Eastman (1917); Mural (1973); Bell
(1974, 1976); Lugaski (1979); Smith (1981); Bell and Haglund (1982);
Baumgartner (1982); and Smith et al. (2002).
Fossil fishes of the late Miocene to Pliocene age (10–2 MYBP)
were found in the Ringold Formation in central Washington and
Lake Idaho deposits in southwestern Idaho and southeastern
Oregon.
The Ringold Formation is composed of four units:
1.

White Bluffs unit (~10–3 MYBP) along the Hanford
Reach of the Columbia River;

2.

Taunton unit (~5–2 MYBP) which lies north of the
Saddle Mountains along lower Crab Creek;

3.

The Moses Lake subunit (~5–2 MYBP) near Moses
Lake, Washington, and

4.

Lind Coulee subunit (~5–2 MYBP) near Lind,
Washington.

Fossil fishes from the Ringold Formation were described by
Miller (1965), Gustafson (1978, 1985), Reidel (1984), and Smith et
al. (2000).
Lake Idaho was a 200 km long, 50 km wide and 300 m deep enlargement of the Snake River in southwestern Idaho. The lake had
two stable stages, one in the Miocene about 9–6 MYBP, the other in
the Pliocene about 3.2–2 MYBP (Smith 1981; Smith et al. 1982). Several
different rock formations comprise Lake Idaho deposits. Deer Butte,
Quartz Hill, Chalk Hills, and Poison Creek formations are of Miocene
age. The Blackjack Butte Formation is late Miocene to early Pliocene
in age. Glenn’s Ferry Formation is of Pliocene age. The Bruneau and
Grandview Formations are of late Pliocene to early Pleistocene in age.
The Jackass Butte Formation is Pleistocene age. Many of the fossil
species found in Lake Idaho were also found in rock formations of
similar age in the Great Basin and southern Oregon, which suggested
that the original paleodrainage pattern of the Snake River was in a
southwesterly direction into either the Klamath or Sacramento rivers
or both (Hubbs and Miller 1948; Hubbs et al. 1974; Miller and Miller
1948). About 2 MYBP the Snake River eroded a channel through Hell’s
Canyon and became connected to the Columbia River.
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Fossil fishes of Lake Idaho were described by Cope (1870, 1871,
1883a, 1883b); Liedy (1870); Jordan (1906); Hussakof (1908); Miller
(1959, 1965); Uyeno (1961); Malde and Power (1962); Uyeno and
Miller (1963); Miller and Smith (1967, 1975, 1981; 1987); Cavender
and Wilson (1970); Linder (1970); Linder and Koslucher (1974,
1976); Kimmel (1975, 1979, 1982); Smith (1975); Smith et al. (1982,
1988, 2002); Elder and Smith (1988); Drummand et al. (1993);
Patterson et al. (1993); Smith and Patterson (1994, 1997); Coburn et
al. (1996); and Smith and Cossel (2002).
Fossil fishes of Pliocene age (5–1.8 MYBP) were found in the Madras
Formation north of Bend, Jefferson County, Oregon, the Yonna
Formation near Warden, Klamath County, Oregon, the Grande Ronde
Valley alluvium near Imbler, Union County, Oregon, the Mopung Hills
Formation in Churchill County, Nevada, the Cache Valley Formation
near Logan, Cache County, Utah, and the Junction Hills Formation
in Box Elder County, Utah. Fish fossils from the Madras and Yonna
Formations were described by Cavender and Miller (1972) and Orr
and Orr (1999). Fish fossils from the Grande Ronde alluvium were
described by Smith et al. (2000) and Van Tassel et al. (2001). Fish fossils from the Mopung Hills Formation were described by Taylor and
Smith (1981). Fish fossils from the Cache Valley and Junction Hills
Formations were described by McLellan (1977). The fish fossils of
the Grande Ronde Valley alluvium were of interest because they intergraded with those of both Lake Idaho and the Ringold Formation,
suggesting that a temporary paleodrainage in the Grande Ronde
Valley about 3.7–3.8 MYBP, connected Lake Idaho (Snake River) to the
Ringold site (Columbia River) (Smith et al. 2000; VanTassel et al. 2001).
Fossil fishes of Pleistocene age (1.8 million to 10,000 years BP)
were found in the Carson Valley Formation, Douglas County, Nevada,
Fossil Lake (= Silver Lake) deposits in Lake County, Oregon, Lake
Chewaucan deposits in Lake County, Oregon, pluvial Lake Bonneville
that occupied the Bonneville Basin, Utah, and pluvial Lake Lahontan
that occupied much of northern Nevada. Fish fossils from the Carson
Valley Formation were described by Kelly (1994). Fish fossils from
Fossil Lake were described by Cope (1878, 1883, 1889b); Jordan (1907);
Hay (1927); Uyeno and Miller (1963); Allison (1966); Cavender and
Miller (1972); Miller and Smith (1981); and Allison and Bond (1983).
Fish fossils from Lake Chewaucan were described by Bills (1978) and
Gobalet and Negrini (1991). Fish fossils from Lake Bonneville and its
tributaries were described by Bright (1963, 1967); Stokes et al. (1964);
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Smith et al. (1968); Mead et al. (1982); Ouian (1984); Murchison
(1989); Broughton (2000a, 2000b); Broughton et al. (2000); and
Smith et al. (2002). Fish fossils from Lake Lahonton were described
by Hay (1907); Mead et al. (1982); and Smith et al. (2002).
In addition to the extant families described in Chapter 1, the
fossil fishes include five families that are not found in eastern
Washington at the present time. These families and some of their
major identifying characters include:
1.

2.

Family Amiidae (bowfins) (Figure 2.1) are identified
by skeletal oddities, including:

Family Hiodontidae (mooneyes) (Figure 2.2) are
small coolwater fishes that resemble herrings or shad
(Family Clupeidae). They are distinguished from
clupeids by the presence of teeth and large eyes. The
fossils also had a toothed parasphenoid bone, which
is a diagnostic character for the Hiodontidae. The
parasphenoid is a bone at the base of the skull that
forms the posterior portion of the roof of the mouth.
No other family of North American freshwater fish
has a toothed parasphenoid.

• The gular plate (a large bone under the jaw and
between the mandibles);
• A “double skull” (the outer composed of bone, the
inner composed mainly of cartilage but with some
bone around the foramen of the cranial nerves);
• Unicorn-like clavicles in the pectoral girdle;
• Large, limb-like bones in their appendages, and
• Large cycloid scales indented at one end instead of
being rounded or circular like most families with
cycloid scales.

Figure 2.2

• Long dorsal fin.

† Eohiodon rosei, a fossil mooneye (Family
Hiodontidae) from Klondike Mountain
Formation, Republic, WA. Image courtesy of
Dr. Thomas Bastleberger.

These elements make the fossilized remnants of
ancient bowfins easy to identify.

A

3.

gular plate

B

Figure 2.1

† Family Hypsidoridae (Figure 2.3) are an extinct family
of catfish that were widely distributed during the Eocene
and Oligocene, from the Green River Formation, Utah,
and Wyoming (Grande 1984) to the Clarno Formation,
John Day Fossil Beds, Oregon (Cavender 1968; Lundberg
1975a; Grande and DePinna 1998). The Hypsidoridae
were characterized by the presence of teeth on the
maxillary bones (Grande 1987). In most modern families
of catfish, including North America freshwater catfish
(Family Ictaluridae), the maxillary bones are toothless.

long dorsal fin

(A) A modern bowfin Amia calva (Family
Amiidae) skull showing the gular plate under the
jaw between the mandibles. Image courtesy of
the University of Michigan, Museum of Zoology.
(B) Fossil Amia from the Eocene Green River
Formation, Fossil Butte, WY. Image courtesy of
the Virtual Fossil Museum

Figure 2.3

A. T. Scholz

† Family Hypsidoridae, an extinct family of catfish
characterized by the presence of teeth in the maxillary bones. Modern catfish (Family Ictaluridae)
do not have teeth in the maxillary bones. Image
courtesy of Dr. Thomas Bastleberger.
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4.

† Family Libotoniidae (Figure 2.4) are an extinct family that are closely allied to the modern Percopsidae
(trout-perches), which have characters that are
intermediate between the Salmonidae (salmon, trout,
charr, whitefish, and grayling) and Percidae (perches).
Like percopsids, the †Libotoniidae had adipose fins
(similar to salmon or trout) and spiny rays in the
dorsal / anal fins and ctenoid scales (similar to perch).
The main reason †Libotonius fossils were not included
in the Percopsidae is because after the Eocene, the
Libotoniidae disappeared from the fossil record for
about 35 million years until they were replaced by the
Percopsidae in recent times.

Figure 2.4

5.

† Family Priscacaridae (Figure 2.5) are an extinct
family of sunfishes that resembled the modern
Perichthyidae (temperate basses) or Centrarchidae
(sunfishes and black bass). †Priscacara had spiny and
soft rayed dorsal fins and three stout spines on the
anal fin, like the modern striped bass Morone, sunfish
Lepomis, bass Micropterus, or crappy Pomoxis. David
Starr Jordan (1923) placed Priscacara in its own family, but Nelson (1984) thought maybe they should be
placed in the Perichthyidae.

Figure 2.5
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† Libotonius pearsoni, is a member of the extinct
† Family Libotonidae. Image courtesy of Marc
M.V. Wilson, University of Alberta, Edmonton
Alberta.

† Priscacara campi (Hess, 1936) from the Eocene
Roslyn Formation, Kittitas County, Washington.
This fish belongs to an extinct family († Family
Priscacaridae) that resembled modern temperate
basses (Family Perichtyidae) or sunfish (Family
Centrarchidae). Image courtesy of the Burke
Museum, University of Washington , Seattle, WA.

Noteworthy fossil taxa included:
1.

Family Amiidae (bowfins): † Amia hesparia and
Amia spp. were distributed in Washington, British
Columbia, Montana, Wyoming (Green River
Formation – Grande 1984), and Oregon during the
Eocene and Oligocene. Modern bowfin Amia calva
are warmwater fish that survive well in swampy, low
oxygen environments because their swimbladder
is vascularized and connected to the esophagus
by a pneumatic duct, so they can breathe air. Thus,
the presence of Amia suggests that the Eocene and
Oligocene climate of the Pacific Northwest was
warmer than it is at present.

2.

Family Cyprinidae (minnows). Like modern minnows, fossil minnows did not have any teeth in their
jaws; instead they had one or two rows pharyngeal
teeth embedded in their last gill arches. Their tooth
formulae and shape of their pharyngeal teeth were
used to assign their relatedness to modern forms.
• †Acrocheilus latus Smith 1975, Lake Idaho chiselmouth, was found in Miocene and Pliocene
deposits Lake Idaho and the Ringold Formation
(Smith 1975, 1981; Smith et al. 2000). Its pharyngeal tooth formulae was 0, 5–5, 0. Teeth were
stout and slightly hooked with grinding surfaces.
Its lower jaw was adapted for scraping periphyton off rocks. All these characters were similar
to modern chiselmouth Acrocheilus alutaceus.
Smith (1975) thought that modern A. alutaceus
was probably a lineal descendant of A. latus.
• †Mylocheilus robustus (Leidy 1870), Lake Idaho
peamouth, was found in Miocene and Pliocene
deposits of Lake Idaho (Leidy 1870; Kimmel 1975;
Smith 1975) and Miocene deposits at Esmeralda,
Nevada (LaRivers 1962; Lugaski 1977; Taylor and
Smith 1981; Smith et al. 2002). Several other species of Mylocheilus were described from Miocene
and Pliocene Lake Idaho (†M. copei Smith and
Kimmel 2002, †M. inflexus Cope 1883, and M.
whitei Smith and Kimmel 2002) and the Ringold
Formation, Washington (†M. heterodon Smith et
al. 2000) (Kimmel 1975; Smith 1975; Smith and
Kimmel 2002; Smith et al. 2000). The pharyngeal
tooth formulae of modern peamouth Mylocheilus
caurinus (Richardson 1836) is 1, 5–5, 1, slightly
hooked in juveniles but with distinct grinding
surfaces in adults, an adaptation for crushing
mollusks. Although modern peamouth consume
a variety of aquatic insects their favorite prey
seems to be snails or fingernail clams. Of all the
fossil specimens of Mylocheilus, †M. robustus
was the probable ancestor of M. caurinus because
its pharyngeal tooth formula was 1, 5–5, 1, with
slight hooks in juvenile specimens and distinct
grinding surfaces in adult specimens (Smith 1975,
1981). †M. inflexus and †M. whitei had pharyngeal tooth formulae of 0, 5–5, 0 and †M. copei
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had a pharyngeal tooth formula of 2, 5–5, 2. Also,
M. robustus was found in Lake Idaho deposits
of Pleistocene age whereas the other Lake Idaho
Mylocheilus species were not, suggesting that
†M. robostus persisted long enough to give rise
to M. caurinus. †Mylocheilus heterodon from
the Ringold Formation had a pharyngeal tooth
formula of 1, 5–5, 1 but, as their specific epithet
heterodon implied (i.e., G. hetero = different, G.
don = teeth), they had a combination of both
flat (molar-like) and pointed, slightly hooked
(canine-like) pharyngeal teeth, with the first
tooth in the primary tooth row being greatly
enlarged and molar-like (Smith et al. 2000). Thus,
it is thought to represent a highly specialized
offshoot of the peamouth line.

underwent cladogenesis and gave rise to all three
modern forms of pikeminnows as they became
geographically isolated in the Sacramento,
Great / Colorado and Columbia Basins.
• †Richardsonius durranti Smith 1975, Lake Idaho
redside shiner, from Pliocene Glenns Ferry
Formation, Lake Idaho. Pharyngeal tooth formula variable, but usually 2, 5–4, 2, terminally
hooked with small flat grinding surfaces. Their
pharyngeal teeth were similar to modern redside
shiner Richardsonius balteatus (Richardson, 1836),
with variable numbers of pharyngeal teeth, usually 2, 5–4, 2 or 2, 5–5, 2. R. balteatus is distributed throughout the Columbia, Snake, Fraser
River basins in Washington, Idaho, Oregon,
northern Utah, northern Nevada, western
Alberta, and British Columbia.

• Lavinia spp., Lake Idaho hitch, Mylopharadon
spp., Lake Idaho hardheads, and Orthodon spp.,
Lake Idaho blackfish, found in Miocene and
Pliocene Lake Idaho were respectively most
similar to the modern hitch Lavinia exilicauda
Baird and Girard, 1854, modern hardhead
Mylopharodon conocephalus (Baird and Girard,
1854), and modern Sacramento blackfish
Orthodon microlepidotus (Ayres, 1854) that are
indigenous to the Sacramento River. This is one
piece of evidence that the original paleodrainage
pattern of the Snake River flowed southwest into
the Sacramento River.

3.

Family Catostomidae (suckers)
• †Amyzon spp. (Figure 2.6) is an extinct genus of sucker that was widespread in Eocene
and Oligocene formations in Washington,
Oregon, Montana, Wyoming (Green River
Formation – Grande 1984). Amyzon is a noteworthy genus because it was more similar to the
modern genera Ictiobus or Chasmistes than they
were to Catostomus. Ictiobus is classified into
subfamily Ictiobinae which is characterized by
a terminal mouth and long gill rakers, adaptations for feeding on zooplankton in the limnetic
zone. In contrast, members of the subfamily
Catostominae (e.g., genus Catostomus) have
subterminal mouths, with papillose lips, an adaptation for feeding on bottom dwelling benthic
insects.

• †Ptychocheilus arciferus (Cope, 1870) Lake Idaho
pikeminnow, found in Miocene and Pliocene
deposits in Lake Idaho, the Ringold Formation,
Washington, and Grande Ronde Valley alluvium,
Oregon. The pharyngeal bones of this species
are shaped like a boomerang, hence the specific
epithet arciferus. The species was identified by
its distinctive pharyngeal tooth formula, either 2,
5–5, 2 or 2, 5–4, 2 in Lake Idaho specimens, and
either 2, 4–4, 2 or 2, 5–4, 2 in Ringold specimens,
with teeth long, slender, pointed (canine-like),
and backward curving tips, similar to the modern Sacramento pikeminnow Ptychocheilus grandis (Ayres, 1854) (Moyle 2002), Colorado pikeminnow Ptychocheilus lucius Girard 1856 (Moyle
2002) and northern pikeminnow Ptychocheilus
oregonensis Girard, 1856 (Scott and Crossman
1973). Smith (1975) noted that †P. arciferus was
“very likely the ancestor of P. oregonensis.” P.
arciferus from the Ringold Formation attained
maximum lengths of about 500 mm (Smith et al.
2000), about the same maximum size as modern
northern pikeminnow. †P. arciferus from Lake
Idaho attained maximum sizes of about 1200 mm,
which is about the same maximum sizes reported
for Sacramento pikeminnow (1,150 mm TL) and
Colorado pikeminnow (1,800 mm TL) (Moyle
2002). It is therefore tempting to speculate that
as †P. arciferus dispersed from Lake Idaho they

Figure 2.6

A. T. Scholz

†Amyzon aggregata from the Horesfly
locality, Quesnel, B.C. †Amyzon is an
extinct genus of sucker with a terminal
mouth. It resembled the modern sucker
genera Ictiobus and Chasmistes which
have terminal mouths and long gill rakers,
adaptations for planktivory. Photo courtesy of the Manitoba Museum, Winnipeg,
Manitoba.
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• †Catostomus arenatus Miller and Smith 1967 in
Lake Idaho. There are two subgenera of Catostomus:
Catostomus (Catostomus) and Catostomus (Pantosteus)
(Smith 1967). C. (Catostomus) species have an opening
(fontanelle) between the parietal bones of the skull.
In C. (Pantosteus) species, the parietal bones close,
so they lack a fontanelle or at least it is not as large
as in C. (Catostomus) species. †Catostomus arenatus was characterized by a closed fontanelle (Miller
and Smith 1967). Modern species with a closed or
partially closed fontanelle include the bridgelip sucker
Catostomus (Pantosteus) columbianus (Eigenmann
and Eigenmann, 1893) and the mountain sucker
Catostomus (Pantosteus) platyrhynchus (Cope, 1874).
• †Catostomus cristatus Cope 1883 was a species with
an open fontanelle. Modern species with an open
fontanelle that occupy the Columbia Basin include the
largescale sucker Catostomus (Catostomus) macrocheilus Girard, 1850 and longnose sucker Catostomus
(Catostomus) catostomus (Forster 1773). †C. cristatus is
the probable ancestor of C. macrocheilus because the
maxillary and dentary bones of †C. cristatus near the
top of the Chalk Hills Formation (i.e., Pliocene Lake
Idaho) graded into those of C. macrocheilus found in
overlying Pleistocene facies (Smith et al. 1982).
• Chasmistes spp. found in Miocene / Pliocene of Lake
Idaho, at Ringold, Washington, and at numerous
other sites in California, Oregon, Nevada, Utah, and
Wyoming. Miller and Smith (1991) discussed the distribution and evolution of Chasmistes in western North
America. Chasmistes spp. are lake dwelling suckers
with large terminal mouths that live in midwater and
have gill rakers adapted for straining zooplankton.
The relations between fossil Chasmistes in Lake Idaho,
to modern forms in the Klamath Basin suggested a
paleodrainage connection between Lake Idaho (Snake
River) and the Klamath River (Miller and Smith 1981).
4.

Family Ictaluridae (catfish). Several species of bullhead (genus Ameiurus) were present in Miocene and
Pliocene Formations west of the Continental Divide.
The family disappeared from these locations by the
Pleistocene until three modern species of bullhead
(black, brown, and yellow bullhead) were introduced
to eastern Washington waters by the United States
Fish Commission in the late 1800s and early 1900s.
Important species included:

oldest salmon was found in the Eocene. There was then
a gap in the fossil record before ancestors of modern
salmonids were found in the Miocene about 6.0 MYBP.
• †Eosalmo driftwoodensis (Figure 2.7) Wilson 1971
from the Eocene Klondike Mountain Formation
(Republic, Washington) and Eocene Driftwood Creek,
British Columbia (Wilson 1977, 1996; Wilson and
Williams 1992; Wilson and Li 1999). Cladistic analysis
revealed that † E. driftwoodensis is the oldest known
Salmoninae (salmon, trout, and charr) and has a
sister group relationship with all extant Salmoninae
(Stearly and Smith 1993; Wilson and Li 1999).

Figure 2.7

†Eosalmo driftwoodensis, from the Eocene of
Washington and British Columbia (47–50 MYBP).
the nascent salmonid that gave rise to the Subfamily
Salmoninae. Image courtesy of Marc M.V. Wilson,
University of Alberta, Edmonton, Alberta.

• †Oncorhynchus cyniclope LaRivers 1962, Rabbithole
cutthroat trout, from the Miocene Esmeralda
Formation, Nevada, was related to the same lineage
as modern cutthroat trout Oncorhynchus clarkii
(Richardson 1836) (Stearly and Smith 1993).
• †Oncorhynchus (Rabdofario) lacustris (Cope, 1870)
(Figure 2.8) , Lake Idaho rainbow trout, found
in Miocene and Pliocene of Lake Idaho and
Pliocene / Pleistocene Fossil Lake, Oregon. †O. lacustris are related to the rainbow trout, Oncorhynchus
mykiss, based on the shape of their ceratohyals,
dermoethymoids, frontals, and jaw bones (Smith and
Stearly 1989; Stearly and Smith 1993). †O. lacustris
was a large salmonid. The average size of is bones
was twice that of those from the skeleton of a modern Chinook salmon that measured 980 mm (38.6
inches) TL and weighed 12.7 kg (28 lbs) (Smith 1975).
Its jaws were about 110 mm long.

• † Ameiurus reticulutus – Ringold bullhead found
in the Miocene / Pleiocene Ringold Formation in
central Washington.
• † Ameiurus vespertinus – Western bullhead found
in Miocene and Pliocene Lake Idaho formations.
5.
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Family Salmonidae (salmon, trout, charr, whitefish, and
grayling). Neave (1958) speculated that modern salmonid species evolved in the Pleistocene, 1.8–0.1 MYBP, but
the preponderance of fossil evidence (summarized by
Smith 1992; Stearly and Smith 1993) indicated that the

Figure 2.8

†Oncorhynchus (Rhabdofario) lacustris, Lake Idaho
rainbow trout, a possible ancestor of the modern rainbow trout O. mykiss. Photo courtesy of G. R. Smith,
University of Michigan, Museum of Zoology (UMMZ).
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• †Oncorhynchus (Smilodonichthys) rastrosus
(Figure 2.9) (Cavender and Miller, 1972), sabertoothed salmon, from Miocene and Pliocene
localities in California, Oregon, and Washington
(Cavender and Miller 1972; Taylor and Smith 1981;
Smith et al. 2000). †O. rastrosus was a giant salmonid that attained maximum lengths of about 1,900
mm (74.8 inches). Based on these lengths, Casteel
(1974) predicted that the weight was about 177.3 kg
(358 lbs) or about three times the maximum weight
of the largest known Pacific salmon, a Chinook
salmon that weighed 57.3 kg (126 lb) (Hart 1973). The
subgeneric name †Smilodonichthys means sabertoothed fish, in reference to a pair tusk-like breeding
teeth protruding from the upper jaw. (Smilodon
was the generic name used to describe the extinct
saber-toothed tiger). †Smilodonichthys’ dentition
was reduced to four large tusks, two in the upper
jaw and two in the lower jaw, during the breeding
season. It was apparently toothless except during
the breeding season. It was also distinguished from
all known salmonid species by its numerous gill
rakers (about 110) on the first gill arch (about 30
more than any other salmonid), an adaptation for
plankton feeding. It was thought to be an anadromous planktivore. The species was originally
described as †Smilodonichthys rastrosus (Cavender
and Miller 1972). Stearly and Smith (1993) and Smith
et al. (2000), based on cladistic analysis, reduced
†Smilodonichthys to a subgenus of Oncorhynchus.

• †Oncorhynchus salax (Figure 2.10) Smith 1975,
Lake Idaho sockeye/kokanee salmon from
Miocene and Pliocene Lake Idaho. Stearly and
Smith (1993) considered †O. salax to be a sister
species and possibly the ancestor of modern sockeye salmon Oncorhynchus nerka (Walbaum 1792)
based on the presence of numerous gill rakers in
both species (about 36–42 in O. nerka and 48 in
†O. salax). Bones of sexually mature and juvenile
†O. salax were collected from coarse sediments
that were most likely laid down in spawning
streams. Bones of young and intermediate sized
†O. salax were collected from fine sediments that
were most likely laid down in the lake. These
findings suggested that †O. salax was a landlocked, adfluvial species that spawned and reared
in tributaries, then migrated to and grew up in
the limnetic zone of Idaho, where they preyed on
zooplankton, before returning to their spawning
tributaries. Modern kokanee O. nerka var. kennerlyi Suckley 1858, a land-locked variant of sockeye
salmon, have a similar adfluvial life cycle.

A

Figure 2.10

B

Figure 2.9

†Oncorhynchus (Smilodonchthys) rastrosus sabertoothed salmon. (A) Artists reconstruction of
what the species may have looked like. The size of
the fish (~350 lbs) is shown in scale to the SCUBA
diver. (B) Jaws of a sabertoothed salmon found the
Miocene / Pliocene Ringold Formation White Bluffs,
Unit WA. Photograph courtesy of G. R. Smith, UMMZ.

A. T. Scholz

†Oncorhynchus salax Lake Idaho sockeye / kokanee salmon from Miocene / Pliocene Lake Idaho.
Ancestor of the modern sockeye / kokanee salmon
D. nerka. Photo courtesy of G. R. Smith, UMMZ.

• †Salvelinus (Paleolox) larsoni (Kimmel, 1975), Lake
Idaho charr, were described from Miocene / Pliocene
Lake Idaho and Miocene Latah Formation at Clarkia
Lake, Idaho (Kimmel 1975; Smith 1975; Smith and
Miller 1985). †S. larsoni was a large species. Its jaws
were 150 mm long and the largest specimens had
maximum TL of about 1,200–1,300 mm. A nearly
complete skeleton recovered from Clarkia Lake
was 668 mm TL in situ and estimated at 750 mm TL
in life, taking compaction into account (Smith
and Miller 1985). Smith et al. (1982) noted that the
premaxillary bone of †S. larsoni was identical to that
of modern bull trout Salvelinus confluentis (Suckley,
1859) but implied no continuity between the two. All
modern Salvelinus species have teeth on both the
head and shaft of the vomer (a bone in the center of
the roof of the mouth). The teeth on the shaft of the
vomer are supported not by the shaft but, rather, a
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crest ventral to the shaft (Stearly and Smith 1993).
This character (teeth on the head of the vomer plus
teeth on the crest ventral to the shaft) is also present
in †S. larsoni (Stearly and Smith 1993), confirming
that the fossil belongs to Salvelinus. I believe that
bull trout (or bull charr) Salvelinus confluentis is a
lineal descendant of †S. larsoni.
6.

7.

• Gasterosteous doryssus (Jordon 1907) from
Miocene Truckee Formation, Nevada. I
believe that G. doryssus is a junior synonym
of G. aculeatus Linnaeus, 1758. See discussion
on fossil sticklebacks in Chapter 20 for my
reasons.
8.

Family Esocidae (pikes)

• †Kerocottus spp. is an extinct lake dwelling
genus found in Miocene and Pliocene Lake
Idaho. The genus was identified by having
prominent spines on its suborbital bones,
which other genera of cottids lack. Three
species, †Kerocottus divaricatus (Cope, 1883),
†Kerocottus hypoceras (Cope, 1883), and
†Kerocottus pontifex (Cope, 1883) were identified by the shapes and direction of projection
of spines on the preopercular bones (Uyeno
and Miller 1963; Smith 1975).
• Myoxocephalus spp. occupied deep waters
habitats in Miocene and Pliocene Lake Idaho.
Myoxocephalus is distinguished from other
genera of sculpins by the absence of teeth on the
palatine bones. †Myoxocephalus idahoensis Smith
1975 was thought to be a sister group of modern
four-horned sculpin Myoxocephalus quadricornis
(Linnaeus, 1758) because both species had four
short, straight preopercular spines and very large
sensory canal pores.
9.

Figure 2.11
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† Esox columbianus Columbia muskellunge from
Miocene / Pliocene Ringold Formation Whitebluff
Unit along the Hanford Reach of the Columbia
River, Washington. A. right palatine (UWBM
46179) B. Right palatine (ventral view) (UMMz
103937) Illustration courtesy of G. R. Smith,
UMMZ.

Family Cottidae (sculpins)
• †Cottus calcatus Kimmel 1975 found in
Miocene Lake Idaho, was most similar to modern shorthead sculpin Cottus confuses Bailey
and Bond 1963 and pit sculpin Cottus pitensis
Bailey and Bond 1963. The shorthead sculpin
is distributed in the mainstem of the Columbia
River and its tributaries. The pit sculpin is distributed in the Pit and Klamath rivers (Bailey
and Bond 1963).

• †Esox columbianus (Figure 2.11) Smith et al. 2000,
Columbia muskellunge, was found in Miocene
Whitebluffs and Pliocene Taunton units of the
Ringold Formation, Washington (Smith et al. 2000).
Esox spp. also occurred in the Miocene / Pliocene
Quartz Hills Formation, Oregon (Cavender et al.
1970). †Esox columbianus attained maximum TL
of about 1,350 mm (Smith et al. 2000). Numerous
esocid fossils were found at many Eocene localities
in Alberta and British Columbia (Wilson 1984),
and in the Green River Formation, Colorado, Utah,
and Wyoming (Grande 1984). Genera identified
included the extinct fossil genera †Oldmanesox,
and †Estesesox found in the Paleocene 62 MYBP,
of Alberta (Wilson 1980). Esox fossils that resembled redfin pickerel Esox americanus Gmelin,
1789, northern pike Esox lucius Linneus, 1758, and
muskellunge Esox masquinongy Mitchill, 1824 have
been identified at Eocene sites in Alberta, Montana,
Wyoming, Utah, and Colorado, indicating that Esox
was widespread west of the Continental Divide during the Eocene.

A

Family Gasterosteidae (sticklebacks)

†Family Priscacaridae (extinct family resembling sunfishes Centrarchidae or temperate bass
Perichthyidae)
• †Priscacara campi Hess, 1936. Roslyn priscacara
(see Figure 2.5). An intact specimen, recovered
from the Eocene Roslyn Formation, Kittitas
County, Washington, had spiny and soft dorsal
fins that were broadly connected, and 3 spines
in the anal fin. It most closely resembled the
centrarchid genus Pomoxis (crappie). Nelson
(1984) suggested that the Priscacaridae should
be placed in the Pericthyidae (temperate bass)
without providing a reason. On the basis of its
broadly connected dorsal fins, I suggest that
the †Priscacaridae more closely resembled the
Centrarchidae or Cichlidae (cichlids).
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10. Family Centrarchidae (sunfishes)
• Archoplites were represented by a number of
species found in Miocene Latah Formation
of Clarkia Lake, Idaho, Miocene and Pliocene
Ringold Formation, Washington, Miocene
John Day Formation, Miocene and Pliocene
Lake Idaho, and Pliocene Grande Ronde Valley.
Archoplites had spiny and soft rayed dorsal fins
that were broadly connected. They had 6–7
spines in advance of the soft rays on the anal fin.
Most of the modern genera of Centrarchidae
(e.g. Lepomis spp. sunfishes such as bluegill,
pumpkinseed, and green sunfishes; Micropterus
spp. black basses such as largemouth and
smallmouth bass; and Pomoxis spp. crappies)
have 3 anal spines. Archoplites was apparently
extirpated at most locations by the late Pliocene
(Smith and Miller 1985). It survived to present
times only in the Sacramento and Salinus basins,
California as Archoplites interruptus (Baird,

1854). Smith (1975) noted that †Archoplites
taylori from Lake Idaho and modern Archoplites
interruptus represented yet another example of
the evidence for a paleodrainage connection
between the Snake and Sacramento rivers.
In summary, the fossil record indicates that several families
of warmwater fishes, including Hypsidoridae, Ictaluridae, and
Centrarchidae coexisted with coolwater families Cyprinidae,
Catostomidae, Salmonidae, and Cottidae in the Columbia and
Snake River basins in the Miocene and Pliocene. These warmwater
families disappeared during the late Pliocene as the climate cooled
in advance of Pleistocene glaciation. Also, during the Miocene and
Pliocene, a large muskellunge Esox columbianus was present in the
Columbia Basin. Additionally, the fossil record indicates that the
Snake River formed a paleodrainage connection with either the
Sacramento or Klamath rivers (or perhaps both) as suggested by
the similarity of fossil fishes inhabiting Lake Idaho to the modern fish assemblages found in the Sacramento and Klamath basins.
More information about fossil fishes in the Columbia and Snake
River basins is presented in Chapter 4.
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the rivers, all the tribes inhabiting the shores choose a favorable location and not only do they find abundant nutriment during all the season, but, if diligent, they dry, and
also pulverize and mix with oil a sufficient quantity for the
rest of the year” (Chittenden and Richardson 1905).

This chapter describes the history of fisheries exploration in eastern Washington and presents biographical sketches about the individuals who first named the native and introduced fishes that
currently occupy the region. The educational backgrounds, personalities and experiences of these individuals were as diverse as
the wondrous strange fishes they described.

John Keast Lord (1866) believed that,
“Salmon is quite as essential to the Indians residing inland as grain to us, or banana and plantains to the residents of the tropics; gleaning the regular supply of fish, the
Indian literally harvests and garners it as we reap wheat. It
cannot be by mere chance that [Salmon] are prompted, by
… instinct, to [swim] into the farthest … mountains, fish
that are fat and oily and best adapted to supply heat and
the elements of nutrition.”

INDIAN FISHERIES
In a paper published in 1848, British naturalist John Scouler, who
had explored the Columbia Basin in 1826, described the diet of the
native inhabitants of that region as “ichthyophagus”; i.e., fish eaters
(Scouler 1848). Their piscatorial cuisine set them apart from neighboring tribes in Montana and Wyoming who made their living
by hunting bison and big game mammals. Although by the time
of contact with Lewis and Clark (in 1806) and David Thompson
(1811) the tribes of the Columbia Plateau had acquired horses and
occasionally made forays east of the Rocky Mountains to hunt bison in the Great Plains of Montana, their principle haunts were
at the communal fishing centers on the Columbia River and its
tributaries; and their primary food, accounting for more than
50% of their total annual subsistence diet, was Pacific salmon and
steelhead trout (Paige 1866; Craig and Hacker 1940; Hewes 1947,
1973; Walker 1967, Schalk 1985; Scholz et al. 1985, Ross 2011). Father
Pierre-Jean Desmet (S. J.) summed up the importance of salmon
and resident fish to the tribes of the interior Pacific Northwest
circa 1845 in this way:
“As buffalo [of the prairies] and deer [of the eastern
woodlands] furnish daily food for the inhabitants of those
regions, so do these fish supply the wants of the western
tribes. One may form some idea of the quantity of salmon
and other fish, by remarking that at the time they ascend

Rostlund (1952) examined the nutritive value of fish to native
fishing cultures in North America. A steady diet of most any species of freshwater fish could provide sufficient vitamins, minerals and protein, with essential amino acids comparing favorably
with the amounts found in beef, eggs and milk. Caloric content
per pound of edible muscle filets varied in different species, with
species containing more fat having a higher caloric content.
Values for various species were: salmon and steelhead (1,000 calories ⁄ lb); lamprey eel (800 calories ⁄ lb); western trout and whitefish (600–700 calories ⁄ lb); sturgeon, eastern trout, suckers and
minnows (400–500 calories ⁄ lb), pickerel, perch, and walleye (350
calories ⁄ lb) and burbot (300 calories ⁄ lb). The flesh of salmon,
steelhead, and particularly lamprey eels, as well as burbot liver,
all esteemed by the Columbia Plateau tribes, were reported to be
rich sources of vitamins A, D, B₂ (thiamine) and B₂ (riboflavin).
Salmon and sturgeon roe also contained vitamin C (ascorbic acid)
and iodine. Roe was eaten raw by many tribes. Rostland estimated
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that the fish yield in the Columbia Basin was about 580 pounds of
anadromous fish and 220 pounds of resident fish per square mile
of habitat. He concluded that fish were abundant enough and had
sufficient food value to be the staple food of the Plateau Tribes.
As previously noted, salmon, typically, accounted for more than
50% of the food consumed in the annual diet of the Indians of the
Columbia Plateau. A number of government agencies, ethnographers and historians reported that salmon was the principle source
of subsistence protein and calories in the diet of the Indians, accounting for more than half of their total annual food consumption. For example, G. A. Paige, an Indian agent at Fort Colville,
Washington Territory, wrote in a letter (dated 19 September, 1866)
to the commissioner for Indian Affairs in Washington, D. C., that
“the Spokanes [the Spokane Tribe, inhabits northeastern Washington] draw at least five-eighths of their subsistence from the salmon fisheries of the Columbia and
Spokane Rivers and their tributaries.”
Three years later, in 1869, C. W. King, a farmer, was made
Special Indian Agent at Fort Colville. In his annual report to the
Superintendent for Indian Affairs in Washington Territory he
stated that while many of the Indians in his district, which included the Spokane, “had taken up farming” and some even had
better farms than white settlers, “yet four-fifths of their support is
derived from the salmon fisheries” (King 1870).
The premiere fishing sites were located at Celilo Falls (RKM 320)
and Kettle Falls (RKM 1,125) on the Columbia River, Shoshone Falls
(RKM 984) on the Snake River, Willamette Falls (RKM 42) on the
Willamette River in Oregon, Little Falls (RKM 51) and Spokane
Falls (RKM 118) on the Spokane River in northeastern Washington.
Early ethnographers and philologists sorted the tribes of the
Columbia Basin into one of four linguistic groups (Ray 1936):
1.

2.

Interior Salish (Coeur d’Alene, Colville
Confederation, Flathead, Kalispel, Spokane and
Lakes Indians) who occupied the Columbia,
Okanogan, Spokane, and Pend Oreille basins in
northeastern Washington, Idaho panhandle, western
Montana, and British Columbia.
Sahaptin (Nez Perce, Palouse, Umatilla
Confederation, Warm Springs Confederation,
and Yakama Indians), who occupied the middle
Columbia River, including the John Day, Umatilla,
Walla Walla, and Yakima rivers, and lower Snake
River below Hell’s Canyon, including the Palouse,
Tucannon, Clearwater and Grande Rhonde rivers.

3.

Athabascan (Kutenai Indians) who occupied the
upper Columbia and Kootenay rivers in Idaho,
Montana, British Columbia, and Alberta.

4.

Shoshone (Bannock, Paiute, and Shoshone Indians)
who occupied the Snake River Plain and Great Basin
in southern Idaho, and portions of southeastern
Oregon, northern Nevada, northern Utah and western Wyoming.

What united these diverse cultures was their fishing economy.
In contrast to their native brethren on the plains, the Columbia
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Plateau tribes tended to occupy permanent or semipermanent villages that were associated with major fishing centers. Each tribe
was thus identified with a territory that was recognized as sovereign by other tribes. Individual families or bands were nomadic
fisher / hunter–gatherers who followed a yearly cycle of migration
(or what anthropologists called an “annual subsistence round”) to
exploit natural resources. Their movements were structured to
take advantage of the arrival of the salmon and the growing season of roots and berries. Often these movements took individuals,
extended families or bands into the territory of neighboring tribes.
This was particularly true during the salmon season when Indians
from many nations gathered at places like Celilo Falls, Kettle Falls
and the Spokane River for communal fishing.
The Spokane River was famous for its salmon spawning runs
and Spokane Indians were known by neighboring tribes as salmon
eaters. In sign language, the Spokane Tribe’s identity was indicated
by imitating a salmon in the act of spawning and then being consumed. The right hand was brought in front of the body, the fingers and thumb extended and meeting, probably to represent the
mouth and hooked upper jaw of a spawning salmon. The arm was
then moved in a manner to suggest the movement of the tail of a
salmon in the act of spawning. The hand was then brought to the
mouth, and downward to the stomach, "which was patted complacently to indicate the proper final deposition of the fish" (Teit 1930;
Ruby and Brown 1970).
The word “Spokane” means either “children of the sun”
(Symington 1882; DeSmet in Chittenden and Richardson 1905;
Cox 1957; Ruby and Brown 1970), or “great fish place” (Work 1830,
Curtis 1911, Teit 1930). Eastern Washington University history professor William T. Youngs (1996) reconciled these names by pointing out that the Spokane tribal name “children of the sun” might
better be interpreted as “children of the rainbow” or “children of
the refracted light,” which would better reflect their relationship to
the river that bears their name. He noted,
“For untold generations the Spokane Indians were beguiled by the falls…. The central feature in the Spokane region was the falls and the Indians paramount experience
was standing at the base of the falls amid the water and
the salmon. In the river… the Spokane were touched by
the refracted light of the sun radiating through the spray of
their falls” (Youngs 1996).
In this connection it is interesting to note that Jesuit Missionary,
Father Pierre-Jean DeSmet, experienced a similar observation
when baptizing Indians in the Columbia River at the plunge pool
below Kettle Falls: “It was indeed a most imposing spectacle; … the
distant roar of the cataracts [broke] the religious silence of that
solitude … the powerful Oregon [i.e., Columbia] impetuous waters,
freeing themselves from their limits, … casting upward a thousand
jets d’eau, whose transparent columns reflect in varied colors the rays
of the dazzling sun,” (DeSmet in Chittenden and Richardson 1905).
At Spokane Falls, water flowing through deep channels was
forced over jagged rock ledges which, “tossed the turbulent foamy
water high in the air…. The color, motion and mass of the water are
admirably adapted to give artistic effect to the play of light and shade”
(Teakle 1963). These observations lend credence to Dr. Youngs’ interpretation of the meaning of Spokane. It is a romantic and historically accurate notion to imagine that the Spokane River, with
its numerous falls and turbulent rapids, was a river of rainbows,
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illuminated by light refracted through perpetual mist surrounding plunge pools of its falls or by spray created by wind gusting
through its innumerable rapids.
Today, the river is dammed, its flow regulated and a portion
of its discharge used for irrigation. We have traded the rainbows
produced along the river bottom by its agitated waters, for rainbows produced by center pivot irrigation systems that draw water
from the river and pump it up onto the agricultural lands on the
benches above the river, where they appear in outrageous contradiction with dust devils swirling laconically through farm fields.
At each fishing center, the host tribe appointed a “fish chief ” to
direct the communal fishing activities. One method employed to
capture salmon was construction of scaffolds or platforms over waterfalls where spearmen or dipnetters could stand to catch fish that
were trying to leap over the fall. Another was to construct brush
weirs to trap salmon at rapids. Men would wade into the traps, club
the salmon on the head and throw them to the bank. The third
technique used at Kettle Falls and Spokane Falls employed a basket
trap suspended in the falling water. Salmon that failed in their attempt to leap the falls fell back into the trap. At the end of each day,
the salmon chief would divide that days catch equally among all the
families who were present, including members of other tribes and
any non-Indian visitors or guests who were present.
The salmon chiefs were the region’s first fish managers with absolute power. They frequently shut down the fishing to allow some
escapement of fish upstream so that tribes above them could share
the bounty (Kane 1968). For example in 1845, Artist Paul Kane made
several sketches and oil paintings of the Indian fishery at Kettle Falls.
He noted that as many as 1700 salmon per day were captured in basket traps and by spearing them from platforms but that,
“infinitely greater numbers of salmon could be readily
taken here, if it were desired; but as the chief considerately
remarked to me, if he were to take all that came up, there
would be none left for the Indians on the upper part of the
river; so they content themselves with supplying their own
wants” (Kane 1968).
It is supremely ironic that Indians managed the harvest of
salmon resources in the Columbia Basin for thousands of years,
without seriously depleting the supply of fish; whereas the white
populace, supposedly with superior knowledge and technology,
managed to decimate these resources in less than 35 years.
Craig and Hacker (1940) estimated the aboriginal Indian catch
of salmon and steelhead by all the Columbia Basin Tribes at about
18 million pounds per year. Hewes (1947) estimated the Indian
catch at about 22 million pounds and Schalk (1985) estimated it
at 42 million pounds. This compared to a range of 10–40 million
pounds harvested in to commercial fishery between 1866 and 1933.
Craig and Hacker (1940) concluded, “It is evident that in primitive
times the Indians [took] an annual catch which was a significant
portion of [and possibly equivalent to] the commercial catch [in the
late 19th and early 20th centuries].”
There are several reasons why the Indian harvest did not have
the same negative impact on salmon runs as commercial harvest. The most important reason was that the majority of the time
Indian’s fished on known stock, terminal fisheries in tributary
streams. The Indians caught salmon at the end of their migration
that had homed back to their birth tributary, to which they were
locally adapted. In years when the supply of salmon in a tributary

was low, the Indians simply moved to a tributary where they were
more abundant, allowing the weak stock to rebuild its population
by reducing harvest on them.
Although some of the tribes in the lower river historically operated a mixed stock, interception fishery at the Cascades and
Dalles (Celilo Falls), where they speared or dipnetted fish from
rocky abutments or scaffolds constructed from timber anchored to
cliff faces and extended over a chute or waterfall, this technology
was much less efficient at collecting salmon than fish wheels or
beach seines employed by Euro-America commercial fishermen.
In fact, many early travelers commented about the high levels of
escapement to the upper reaches of the river. For example, Lord
(1866) reported that the Indian Fishery at Celilo was “simply a hinderence to the salmon’s ascent” and that “vast numbers escape[d] the
redskins” at Celilo Falls. He further noted that the proof of this was
that prodigious numbers of salmon were harvested by the tribes at
Kettle Falls and other upriver stations; further stating, “I question
if in the world is another spot where salmon are taken in greater
abundance or with so little labor as at Kettle Falls.” Lord (1866) also
noted that plenty of salmon escaped the Kettle Falls fishery and ascended “hundreds of miles above Kettle Falls,” in fact all the way to
the source of the Columbia River. In contrast, the commercial fisheries were mixed stock, interception fisheries that harvested many
more fish in gill nets, by beach seining, and in fish traps or fish
wheels. These fisheries intercepted both strong and weak stocks,
which drove the weak stocks close to the point of extinction.
The commercial fisherman focused on Chinook, sockeye, and
steelhead, species that packed well in cans. Because the individuals
from stocks of Chinook bound for the Spokane River and other
tributaries above the Grand Coulee weighed more than those from
other tributaries of the Columbia or Snake rivers, they were the
favorite targets of the commercial fishermen. The commercial fishermen went after these biggest fish first, so that by the early 1880s
the numbers of salmon returning to Kettle Falls and the Spokane
River had noticeably shrunk.
Also, the Indians took what they needed. Their primary concern was maintenance of the salmon resource because the salmon
runs were their principle means of subsistence; whereas, commercial fishermen needed to catch as many fish as possible to make a
profit. The shift from a subsistence based harvest to profit based
harvest doomed many locally adapted populations of Columbia
River salmon to extinction.
Another reason why the commercial fishery caused more permanent damage to salmon than the Indian fishery was the concurrent
loss of spawning and rearing habitat that coincided with development. For example, huge amounts of habitat were lost due to construction of high dams over which no fish passage were provided.
In 1939, Grand Coulee Dam blocked salmon and steelhead from
over 1,140 linear miles of spawning and rearing habitat in the upper
Columbia River drainage, including the Spokane, Sanpoil, Kettle,
and Pend Oreille rivers (Chapman 1940, Fish and Hanavan 1948,
NPPC 1985). Overall, dam construction has reduced salmon spawning and rearing habitat in the Columbia Basin to 44% of the habitat
available before 1910, from 163,000 square miles to 72,800 square
miles (Stober et al. 1979). This does not count habitat degraded by
logging, farming, unscreened irrigation diversions, grazing, mining,
or industrial / municipal pollution. Overharvest weakened salmon
and steelhead stocks by lowering the numbers of spawners. Habitat
loss and degradation finished the job because, at many locations,
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there was insufficient habitat left to support even low population
numbers. Gradually, the selective forces of overharvest and habitat
destruction have combined to cause loss of genetic variation in locally adapted populations of salmon and steelhead trout.
An example of this genetic variation is that Chinook salmon,
migrating into tributaries above Grand Coulee, including the
Spokane River, were giants. Since adult salmon stop eating after
entering freshwater, individuals from upriver tributary stocks had
to be big in order to have sufficient energy reserves to migrate such
a long distance and still be able to convert energy stores into gametes (sperm or eggs). Consequently, it was not unusual for Chinook
salmon stocks that reached Spokane Falls or Kettle Falls to weigh
between 30 and 80 pounds! Stocks from the lower river tributaries,
expended less energy on their migration and tended to be smaller.
The average weight of a Columbia River Chinook is about 18.5 lb
(Beiningen 1976). Salmon no longer attain weights of 80 lb in the
Columbia River, probably because the locally adapted variants that
were genetically programmed to achieve these weights are no longer present in the river.
Osterman (1995) reported that the Spokane Indians had a terminological and classification system for ichthyofauna inhabiting
the Spokane River, based primarily on distinctive morphological
characteristics as well as the dichotomy between anadromous and
resident fish (Table 3.1). In this study, Spokane tribal elders who
acted as informants were shown unlabeled photographs of the 35
species of fish that currently, or in the past, inhabit(ed) the Spokane
River and then asked to give the Spokane name for that fish. Of 20
native and 15 introduced species, the Spokane’s had names for 10
of the native and 2 of the introduced species (Table 3.1). All of the
native anadromous and resident salmonids were given distinctive
labels that were the functional equivalents of a species (identified
by a common name instead of Latin binomial). The relatedness of
steelhead and rainbow trout was designated in Spokane nomenclature by utilizing the same epithet but adding a diminutive label to
the rainbow trout. Migratory species (salmon, steelhead, lamprey)
were categorized separately from resident species. Salmon were
collectively distinguished from steelhead trout by placing them in
a category that is the functional equivalent of a genus (čsuˀ = any
salmon – coho or chinook). The Spokane did not have any specific
names for any of the introduced salmonids (brown trout, brook
trout, Lake whitefish), although they did recognize them as a resident trout (pisɬ or tuˀeckʷ).
In the Spokane dialect, three species of suckers were identified collectively by one term členeˀ (pronounced chl-ene, means
“face hangs down”). Most of the members of the family Cyprinidae
(minnows) were collectively identified as “small fish”. Only the
peamouth and northern pikeminnow, large-sized members of
this family were given specific names. One family of native fish
(Gadidae = burbot) was not identified by the Spokane informants.
Osterman thought it improbable that the Spokane did not have a
term for burbot, because neighboring tribes did. Colville bands
labeled burbot (Speqʷlič or Spokŏia´tc). Osterman believed that his
informants could not name this species simply because too few
fluent speakers of the Spokane language are left for linguistic networking or sharing information. Hence, “the terminological and
classification system the Spokane developed is now much diminished
and on the verge of being forgotten” (Ostermann 1995).
United States Bureau of Fisheries biologists Craig and Hacker
(1940) estimated the Columbia River Indians had to eat about one
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pound of salmon per day on average if 50% of their annual diet
consisted of salmon. Their calculation was based upon the following considerations:
1.

Humans require about 2,000 calories per day for a
maintenance diet.

2.

Salmon flesh, fresh from the ocean, yields about
1,000 calories per pound. This had been previously
determined by United States Bureau of Fisheries biologists in a study designed to illustrate the nutritive
value of fish (Atwater and Bryant 1906).

3.

If 50% of the diet of native people was salmon, who
required 2,000 calories per day, then 1,000 calories
per day must come from salmon, so it follows that on
average they must consume about one pound per day
or 365 pounds per year.

Craig and Hacker (1940) multiplied this average per capita consumption rate (365 pounds per year) by the aboriginal population
(about 50,000 individuals) to estimate the aboriginal harvest rate
(18.3 million pounds per year). The Indian population at the time
of contact was estimated fairly accurately by:
1.

Missionaries who were attempting to convert Indians
to Christianity and maintained meticulous records of
the number of Indians from various tribes they came
into contact with;

2.

Fur traders who kept records of potential business
clients; and

3.

Government exploring expeditions and later government Indian Agents.

There is a high degree of correspondence in population levels
of individual Tribes derived from these three independent sets of
records. These records were summarized by Carey (1923), Mooney
(1928), Kroeber (1939) and Boyd (1985). Craig and Hacker's (1940)
estimate was based of the population figures of Carey (1923).
In 1947, anthropologist Gordon Hewes estimated the annual
per capita consumption of salmon by various tribes inhabiting the
Columbia Plateau. Hewes used the same methodology employed
by Craig and Hacker to estimate a base per capita consumption
of 365 pounds. He then used ethnographic information about the
relative importance of salmon to each tribe as a weighting factor to
adjust this number up or down from the average value. Hewes then
multiplied his estimated per capita consumption for each tribe by
Kroeber’s (1939) estimate for the population of each tribe to calculate the total consumption for each tribe. Hewes’ combined total
estimate for all the tribes in the basin was 22,274,500 pounds.
More recent attempts to refine Hewes estimates were made by
Randall Schalk (1985). He noted Hewes had failed to account for
two factors in making his calculations:
1.

The portions of fish not eaten, and

2.

The fact that salmon do not eat after entering the
river and therefore must burn a portion of the energy
stored in their muscles for locomotion as they migrate
upstream. Additionally, they must convert a portion of
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Table 3.1

Spokane fish terminology and classification. Data from Ostermann (1995)

Family
Petromyzontidae
Acipenseridae
Cyprinidae

Catostomidae

Ictaluridae*

Salmonidae

Gadidae
Cottidae
Centrarchidae*

Percidae*

Common Name3

Scientific Name

Indian Name4

Pronunciation5

Gloss6

Pacific lamprey
white sturgeon
chiselmouth
goldfish**
common carp**
peamouth
Northern pikeminnow

Lampetra tridentata
Acipenser transmontanus
Acrocheilus alutaceus
Carassius auratus
Cyprinus carpio
Mylocheilus caurinus
Ptychocheilus oregonensis

k utul
cmtus
no name
no name
nɬcice’
c’qwcin
q’weʔč

kwoo-tool
tsm-toos

lamprey

n-thl-tsee-tseh
ts’kw-tseen
kweh-ch

unknown
red mouth
onomatopoeic,
named after the sound
it makes

longnose dace

Rhinichthys cataractae

leopard dace
speckled dace
redside shiner
tench**
longnose sucker
bridgelip sucker
largescale sucker
mountain sucker
black bullhead**
yellow bullhead**

Rhinichthys falcatus
Rhinichthys osculus
Richardsonius balteatus
Tinca tinca
Catostomus catostomus
Catostomus columbianus
Catostomus macrocheilus
Catostomus platyrhynchus
Ameiurus melas
Ameiurus natalis

ɬq’eneʔč or
sxwimineʔ

thlk’eh-neh-ch or
swh-ee-mee-neh

unknown “small fish”
unknown

členeʔ

chl-ene

face hangs down

brown bullhead**

Ameiurus nebulosus

ʔupupcin or
ncocʕwaneʔ

oop-oop-tseen
n-tsots-waneh

hairy mouth
fringed head

channel catfish**
tadpole madtom**
lake whitefish**
cutthroat trout
coho salmon
steelhead
rainbow trout
sockeye salmon
kokanee
chinook salmon
mountain whitefish
brown trout**
bull trout
brook trout**
burbot
Paiute sculpin

Ictalurus punctatus
Noturus gyrinus
Coregonus clupeaformis
Oncorhynchus clarki
Oncorhynchus kisutch
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus nerka
Oncorhynchus nerka
Oncorhynchus tshawytscha
Prosopium williamsoni
Salmo trutta
Salvelinus confluentus
Salvelinus fontinalis
Lota lota
Cottus beldingi
Cottus rhotheus
Micropterus salmoides
Micropterus dolomieui
Lepomis gibbosus
Lepomis macrochirus
Pomoxis annularis
Pomoxis nigromaculatus
Perca flavescens
Stizostedion vitreum

heech-kwee-kways
s-che-lwes
who-meh-neh
peesthl

many black spots
coho or ripe salmon
pink side of head
trout

sm-thleech
hw-hw-yoo-tsn

chinook, fresh salmon
sharp, pointed mouth

thl-aee

bull trout

sttm’al’qs

st-t-malks

little no-nose

ɬq’ɬaq’t
no name
no name
no name
no name
no name
c’qc’iq
no name

thlk-thlakt

wide

tsk-tseek

prickly

largemouth bass**
smallmouth bass**
pumpkinseed**
bluegill**
white crappie**
black crappie**
perch**
walleye**

w

no name

no name
no name
no name
hičq’wiq’ways
sč'lw'es
xwmeneʔ
pisɬ
no name
no name
smɬič
xwxwy’ucn’
no name
ɬʔay
no name
no name

¹ The list includes species in the aboriginal lands of the Spokane people, incompleteness due to lack of knowledge of sculpin diversity, Table is
ordered systematically to family level and then alphabetical by genus and species. Common and specific names after AFS Spec. Pub. 20.;
² *Introduced Family;
³ **Introduced Species;
⁴ Native term for species, transcribed in the International Phonetic Alphabet (IPA);
⁵ This is the closest English pronunciation available;
⁶ Literal translation of Indian term.
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their energy stores into gametes. Thus a salmon containing 1,000 calories per pound of flesh as it enters
the river will lose some of these calories as it migrates
upriver; the further the distance upriver, the more
calories lost. By the time a fish reached the Spokane
River its flesh would contain only about 660 calories
per pound. Therefore, Indians living further upriver
would have to eat more pounds of fish than Indians
living down river to gain equivalent caloric intake.
Therefore, Schalk applied a “waste loss” adjustment and a “migration calorie loss” adjustment to Hewes’ per capita consumption
figure for each tribe. The waste loss adjustment was the same for
each tribe. Schalk figured that about 80% of the fish was consumed,
yielding a waste loss adjustment of 0.8 (i.e., 1.25 pounds of fish
would be needed to produce 1.0 pounds of edible fish). The migration calorie loss factor was different for each tribe, depending
upon the distance upriver that tribe’s territory was from the mouth
of the river. Applying these adjustments, Schalk estimated the total aboriginal Indian consumption of salmon and steelhead in the
Columbia Basin was 41,754,800 pounds (Schalk 1985).
Historical information also serves as independent confirmation
that these calculated consumption estimates accurately portrayed
Indian utilization of salmonids. Hudson’s Bay Company records indicated that from 1827 to 1830, salmon constituted about 85% of the
meat purchased at their Fort Colville trading post (Work 1830, Heron
and Kittson 1831). In 1827, salmon constituted 16,050 pounds (84%)
of 19,014 pounds total meat purchased. In 1829, salmon constituted
10,480 pounds (86%) of 12,221 pounds of meat purchased (Work 1830).
In 1830, salmon constituted 18,180 pounds (86%) of 21,247 pounds of
meat purchased (Heron and Kittson 1931). At that time, approximately
30 Hudson’s Bay Company employees occupied the Fort Colville post
(Oliphant 1925). Assuming that the salmon purchased was consumed
predominately by these employees, then the average annual individual consumption of salmon was 535 pounds in 1827, 349 pounds in
1829, and 606 pounds in 1830. These records were reported in pounds
of “dried” salmon that were beheaded, gutted, and split into quarter pieces, whereas consumption rates calculated by Anthropologists
were “wet weight” for fresh, whole salmon. Dried salmon lose about
35% of their weight, so the original wet weight of the salmon eaten
by the Hudson’s Bay Company employees was about 1030 pounds
(i.e., 535 pounds dry weight × 1.54 pounds (dry weigh to wet weight
conversion factor) × 1.25 (waste loss adjustment) in 1827, 672 pounds
in 1829 and 1,167 pounds in 1830. The average per capita value for
these three years is 956 pounds, which comports with remarkable
conformity to the 978 pounds per capita estimated by Schalk (1985)
for Indians living around Kettle Falls near the Fort Colville Trading
Post! Francis Ermatinger, a Hudson’s Bay Company employee at Fort
Colville during this time, wrote a letter to his brother in England on
14 March, 1829 complaining that, “We are obliged to sustain a miserable existence… [on]… damn dried salmon” (McDonald 1980).

EARLY NATURALISTS (1824–1850)
David Douglas (1799–1834) (Figure 3.1), for whom the Douglas fir
is named, was the first professional naturalist to explore eastern
Washington, and described the Indian salmon fisheries at Celilo
Falls, Kettle Falls and along the Spokane River. Douglas was the
quintessential naturalist; that is, he died young with his boots on.
Born in Scotland in 1799, he was killed (perhaps murdered) while
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collecting plants in Hawaii in 1834, when he fell (or was pushed)
into a deep pit used to catch wild cattle. He was trampled and
gored to death, skewered like a shish kabob by a trapped bull. Prior
to this he had nearly drowned when his canoe had capsized in
white water on the Fraser River, British Columbia. He also had
contracted a malarial like illness (possibly Jardia) during his exploration of the Blue Mountains in southeast Washington in 1825
and had recurring bouts of this illness for the remainder of his life.

Figure 3.1

David Douglas

Douglas explored the Columbia Basin from 1824–1827 and again
in 1832–1833, as a naturalist for London’s Royal Horticulture Society,
attached to the Hudson Bay company. At the time England and the
United States were vying for control of the Oregon Territory, i.e.,
the Columbia River Basin, and the Hudson’s Bay Company was the
enforcement arm of the British government’s policy in the Pacific
Northwest. United States fur trappers were still working east of the
Continental Divide and it was the British government’s intent to
lay a beaver wasteland in Washington, Oregon and Idaho to discourage U. S. trappers from expanding their operations into the
Columbia Basin when fur became scarce in the Rocky Mountains.
To strengthen their claim to the region, the British government
sponsored several scientific exploring expeditions. Douglas’ trip
was one of them.
On his first expedition (1824–1827), in the company of Scotch
and French Canadian Voyageurs, Douglas traveled by cedar
bateaux through the Columbia River Gorge, past innumerable waterfalls cascading off hanging valleys (their mist casting rainbows
wherever luminous shafts of butterscotch sunlight penetrated
through the dense gray clouds), into the bright, sunlit, semiarid
lands of the Columbia Plateau. At the eastern end of the gorge, at
Celilo Falls he saw Indians standing on wooden fishing platforms
attached to the cliffs, scooping salmon out of the turbulent water
with dip nets as they attempted to jump waterfalls or swim up rapids. From there, he traveled by foot, horseback, and boat throughout much of eastern Washington and eastern Oregon.
On 3 and 4 August, 1826 Douglas visited the Hudson Bay trading post at the confluence of the Spokane and Little Spokane Rivers.
In his journal he recorded
“The natives constructed a barrier across the Little
Spokane, placing it at an oblique angle so that the current
would not wash it away. After the traps filled with salmon
the Indians would spear them. Seventeen hundred salmon
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were taken this day, now two o’clock; how many may still
be in the snare I do not know.”
A few days later, he saw Indians fishing a Kettle Falls, using
baskets made of red osier dogwood. Salmon that failed in their attempt to leap the falls would fall back into the baskets. Thousands
of salmon were captured in a day using these baskets. Although,
Douglas was primarily a botanist, he also collected, preserved,
crated up and sent back animal specimens to the British Museum
of Natural History in London. The fish specimens were later cataloged and described by Sir John Richardson (biographical sketch
page 149) and Alfred Günther (biographical sketch page 133).
On his second expedition (1932–1833) Douglas explored the blistering deserts and mountains of Death Valley and the Sierra Nevada
Range in California. There, he was wined and dined by the owners of fancy haciendas and fell under the charms of their beautiful
daughters. In an eerie foreshadowing of the Beach Boys, he provided the first report I have seen about the allure of California girls:

Thomas Nuttall (1786–1859) (Figure 3.2) and John Kirk Townsend
(1809–1851) (Figure 3.3) were naturalists who accompanied
Captain Nathanial J. Wyeth, who had organized the Columbia
River Fishing and Trading Company, over the Oregon Trail in 1834.
They made observations about Indian fisheries on the Snake and
Lower Columbia River and their tributary streams, but they spent
little time in eastern Washington. Townsend’s diary was published
in 1893 (Townsend 1893) and reprinted as part of Ruben Gold
Thwaites 32 volume set of annotated reprints called Early Western
Travels, 1748–1846. Wyeth, himself had visited the Spokane River in
1832, when he had formed a company of 24 men who hunted and
trapped across the Rocky Mountains into the Columbia Basin in
1831 and 1832 to assess its potential for development. He made observations of the Indian fisheries at the confluence of the Spokane
and Little Spokane Rivers.

“They (sweet creatures) have greater recommendation
than their personal attraction (beauty). They are very
amiable. And amiable they certainly prove themselves on
becoming brides for with few exceptions they loose little
time in tuning up the machinery for reproduction. Some
had 29, 21, 26, and 32 children. The list continues with
loaves no sooner out of the oven than a fresh batch is
warming up!”
Later during his second expedition he was canoeing down the
Fraser River, when his canoe was "dashed to atoms" and he barley
escaped with his life. Several authors have chronicled Douglas’s
travels in the Pacific Northwest (Hemenway 1904; Moorwood
1973; Davies 1980; Clark 1997). In 1914, the Royal Botanical Society
published Douglas’ journal (Douglas 1914). Douglas’s piscatorial
observations were important because they provided a clear picture
that most of the salmon harvested by Indians were not intercepted
as mixed stocks at Celilo Falls but instead were harvested in known
stock, terminal fisheries in headwater tributaries throughout the
Columbia Basin.
John Scouler, MD (1804–1871) a surgeon and zoologist, was sent
to the Columbia Basin along with David Douglas but traveled upriver only as far as Fort Vancouver (Hemenway 1904). He described
the morphology and anatomy of the fish he collected in minute detail
and sent specimens back to the British Museum of Natural History
where they were curated and classified by Richardson and Günther.
Meredith Gairdner, MD (see biographical sketch page 131),
was a surgeon and naturalist employed by the Hudson Bay
Company, based at Fort Vancouver, Washington. He traveled extensively throughout eastern Washington from 1833–1836. He preserved and sent many specimens of fishes to the British Museum
in London. At that time Sir John Richardson (biographical sketch
page 149), a member of Franklin’s Arctic Expeditions to locate
the fabled Northwest Passage, was cataloging specimens he had
collected in North America, with the intent of publishing their descriptions, so he also examined and classified the incoming specimens sent by Dr. Gairdner, as well those collected by Douglas and
Scouler. In 1836, Richardson named the rainbow (steelhead) trout
Salmo gairdneri in Gairdner’s honor. The rainbow trout was known
by this binomial until 1990, when it was realized that Johann Julius
Walbaum had previously described the same species in 1792 under
the title Salmo mykiss.

Figure 3.2

Thomas Nuttall

Figure 3.3

John Kirk Townsend

Karl (Charles) Andreas Geyer (1809–1853) was a German botanist who conducted extensive surveys in the west between 1838 and
1844 (Hemenway 1904; Colville 1941; McKelvey 1955). He botanized
along the Mississippi and Missouri Rivers west of St. Louis from
1838–1840. In 1841, he accompanied John C. Fremont up the Des
Moines River in Iowa Territory, placing the plant specimens he collected in an herbarium in St. Louis. In 1842, he conducted botanical surveys in western Illinois. In 1843, he accompanied Fremont
again, this time up the Missouri and Platte rivers. He crossed the
alkali plains of southern Wyoming, explored the Sweetwater River
and Wind River Mountain Ranges and eventually made his way
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across South Pass to Fort Hall on the Snake River. Geyer then proceeded down the Snake to Fort Vancouver. Later in 1843, he traveled up the Columbia to Fort Colville. He hiked east, explored the
Pend Oreille River and Coeur d’Alene Lake, then traveled down
the Spokane River to Chamokane (Tshimikain) Creek, where he
over wintered at the Presbyterian Mission. He was, thus, the first
professional naturalist to visit the upper reaches of the Spokane–
Coeur d’Alene watershed, where he described the pines as “colossal” and provided details of Indian fisheries. In the spring of 1846
Geyer spent additional time exploring the upper Spokane Basin,
then the Nez Perce country along the Clearwater River. Accounts
of Geyer’s explorations were edited by Joe Hooker (also a noted
botanist and confident of Charles Darwin) and published in the
London Journal of Botany in 1845 and 1846 (Geyer 1845, 1846).

peoples was allowed because they were considered to be nonbelievers and unreasoning beings, not so different from animals.
In contrast, the Jesuits advocated human rights as necessary for
conversion to Christianity. The Jesuits prized education and believed that true faith arose from intelligent (informed) decision as
opposed to blind reliance on authority.

MISSIONARIES
Father Pierre-Jean DeSmet, also called Peter DeSmet (1801–1873)
(Figure 3.4), a Catholic missionary born in Belgium, was ordained
into the Jesuit Order in 1827 and became a ‘blackrobe’ who established several Indian missions in the northern Rockies and Pacific
Northwest. The Rocky Mountain missions were patterned after the
Paraguay Reductions. In the 1600s and 1700s, the Jesuits, working
amongst South American Indian Tribes created a confederation of
Indian city states in Paraguay, Uruguay, and Argentina along the
Parana and Iguassu rivers. Collectively, the towns, referred to as
the Paraguay Reductions, enjoyed an “independent dominion status under the Spanish crown. Europeans were excluded by Law from
the area” (Burns 1966). The Reductions, with populations numbering from 350–7,000 souls, were carefully laid out. A mission was
the centerpiece, surrounded by a hospital, school, workshops, family dwellings, vegetable gardens, and grazing lands for cattle and
sheep. The economy of the reductions was communal, the government democratic. The Indians had their own courts and law enforcement, and an Indian Army, trained by Spanish conquistadors
but commanded by native officers, defended the region. Between
1637 and 1753 this native army fought for Spain on 50 separate occasions (Burns 1966).
Native men and women typically put in an eight hour workday
in an age when laborers in polite European society worked 12 or 16
hours in a day. Every day there was time for devotions and personal
growth. Music was an important aspect of daily life. Every town had
its own choir and orchestra, and there were dances and festivals.
Ignatius Loyola founded the Jesuit Order in 1534 on the twin
axioms of education and poverty. Members of the order were
educated men who recognized human dignity as a foundation for
attaining a true belief in God. Although the Jesuits did not subscribe to abject poverty as practiced by “God’s little beggarman”
St. Francis of Assissi, they did, by example, live as “comfortable
paupers.” They rejected individual material wealth, tried to raise
the standards of living for the community, objected to plunder of
natural resources, and were strong proponents of human rights
(Graham 1968, Weaver 1976).
Prior to the coming of the Jesuits, South American Indians
were subjugated by ruthless Spanish and Portuguese conquistadors, mercenaries and land barons to serve as a slave labor force for
mining rich ore deposits. They were treated like livestock. Weaver
(1976) pointed out that under the religious doctrines of that time,
the enslavement and inhumane treatment of indigenous native
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Figure 3.4

Father Pierre-Jean DeSmet, Jesuit Missionary

So the Jesuits carved out a utopian society in the midst of a
tropical rainforest. This “forest utopia” society was brought to
life in director Roland Joffé’s 1986 film “The Mission.” The entire
society collapsed into ruin when the Spanish crown expelled the
Jesuits in 1753 and subjugated the Indian population. In part this
was brought about because of the desire of Portuguese and Spanish
settlers and miners to exploit and occupy the Indian lands. The
Jesuits refused to permit this, so the Spanish government gave
them the boot.
The Spanish settlers, capitalist businessmen, complained to the
crown that the Jesuits did not conduct the missions like a business,
and in fact made it impossible for them to conduct their own business by interfering with their prospective “labor force.” They accused the Jesuits of being indifferent and aloof towards the Indians.
This accusation was probably partially true because of the constraints of their order, which required prayer at canonical hours
approximately every three hours over a 24 hour period, so they
were constantly fatigued. Graham (1968) noted the priests often
said mass, then shut the door of the mission. In the middle of the
day, they came out briefly and made an inspection tour to see if
all the Indians were performing their duties. In the evening they
taught children the catechism. As the Spaniards became more vehement in their rhetoric and belligerent in their actions about acquiring Indian laborers, going so far as to kidnap mission Indians,
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the Jesuits took a stand opposing the enslaving of Indians. This
infuriated the Spaniards who protested to the crown, causing the
expulsion of the Jesuits in 1753.
The subject of the Paraguay Reductions is directly relevant to
the establishment of the Jesuit missions in the Rocky Mountains
and Columbia Basin (Burns 1966). In 1825, twelve Jesuit priests
founded a mission in St. Louis, Missouri, with the notion of propagating a similar series of missions in western North America, extending from the Great Plains to the Pacific Coast. It was with visions of the Paraguay Reductions dancing in his head, that Father
Peter DeSmet, who was destined to become a legendary figure in
the American West, set out in 1840 leading a band of young Jesuits
to establish an interconnected network of missions in the northern
Rockies and Columbia Basin.
Ultimately these “blackrobes”, as they were called by the
Indians, established eight missions among the Northwestern tribes.
I imagine these missions nestled in pastoral mountain valley prairies; the priest outdoors singing a high mass, his sonorous tunes
rising to mingle with billowy clouds galloping across azure sky.
Wildflowers dominate the landscape; pale blue camus in wet depressions, yellow balsamroot, vermilion Indian paintbrush on the
hills, all blending together, producing a mosaic as splendid as the
stained glass windows of a Medieval cathedral in the great cities of
Europe. Only the perspective is switched. Instead of massive stone
arches and buttresses dominating small jewel-like windows that
cast pellucid shafts of skylight into the gloomy vault of the cathedral, the calamitous riot of color nearly absorbs the log chapel at
the edge of the clearing, except for the dazzling illumination of the
crucifix on the steeple by honey colored beams of sunlight filtering
through the clouds.
Nevertheless, the Rocky Mountain missions were seldom true
Reductions because the missionaries could not coax the majority
of the Indians to give up their nomadic ways. Most of the Indian
bands did not like the confinement of farming life and instead
retained their nomadic annual subsistence round, making their
living by fishing, hunting, and gathering roots (camus, bitterroot,
carrot, wild onions) and berries (huckleberries, service berries).
From 1840–1880 the Jesuit Fathers were thus obliged to follow
the Indians to their fishing and gathering sites, which resulted in
their recording an incredible body of information about fish species presence / absence, relative abundance, and migratory season.
Since they lived amongst the Indians for years and were trained
academicians, their observations provided great insight about the
distribution of fishes and Indian fishing practices and technologies. The locations of several Catholic missions coincided with the
tribes’ great communal fishing centers.
DeSmet was an incurable romantic with “bewitching charms of
persuasion” and wanderlust in his heart (Schoenberg 1982). He was
a gifted communicator, adept at learning new languages, equally at
home camping on the prairies with Indians as his only companions,
hob-nobbing with rich European aristocracy or sorting through
political intrigues at the Vatican where he argued for continuation
of the Rocky Mountain missions. He was the “money man” of the
Rocky Mountain missions, alternating his time among the missions with seeking funds to operate them from wealthy patrons in
Europe. He was respected by the United States Army and Indian
tribes because he was an upright and honest man. Consequently,
the United States Army asked him on several occasions to become
involved in Indian treaty negotiations.

Chittenden and Richardson (1905) reported that DeSmet was
a friend to the Indian who “held them in the deepest affection.” For
their part, the Indians revered DeSmet. Perhaps this was because
DeSmet shared the Indian traits of wanderlust and eloquent oratory. In his western travels DeSmet rarely stayed in one place for
more than a few weeks before he got the itch to move on. He was
comfortable on horseback, living out of saddlebags, his bedroll tied
behind. “I used to pass beautiful summer and autumnal evenings
seated on the grass and flowery meadows of their lovely mountain
valleys,” he wrote, surrounded by Indians, entertaining them with
Old Testament bible stories such as Noah’s Ark or Jonah and the
whale, or tales of the technological advances of white society, such
as steam locomotives, hot air balloons, and multi-story buildings.
Like a pied piper he attracted Indians to his campfire by playing
melodious tunes on the clarinet he carried in the pouches of his
saddlebags (Schoenberg 1982).
DeSmet in 1847 foresaw the misfortune that would eventually
befall the Indians.
“Poor unfortunate Indians! … They would tremble
could they learn the history of those numerous and illfated tribes (in South America, etc.) that have been swept
from their lands to make place for Christians who have
made the poor Indians the victims of their rapacity.”
In 1863, after gold was discovered in Idaho, Montana, and
Washington, he wrote:
“One cannot help being anxious for the fate of the
Indians on account of the approach of the whites. The
treasures concealed in the heart of the mountains will attract thousands of miners from every land; and with them
will come the dregs of civilization, gamblers, drunkards,
robbers…assassins”
and other lowlife scum (cited by Chittenden and Richardson 1905).
To counter this land grab, DeSmet proposed that the United
States government isolate the Indians from the whites by establishing reservations that included their fishing centers. The federal government sent Issac Ingalls Stevens, in charge of the Pacific
Railroad Survey in the Pacific Northwest and first territorial governor of Washington Territory, to negotiate treaties with the tribes.
But history was about to repeat itself as white settlers and miners
encroached upon the lands that had been set aside for the Indians,
destroying their natural resources and carrying diseases such as
measles and smallpox to which the Indians had no immunity.
DeSmet noted that while the federal government had acted with
good intentions to establish treaties and reservations, it did not
live up to its bargain by enforcing them. Instead, the federal government allowed rapacious settlers and miners to run amuck on
Indian lands and
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“banish[ed] them, [the Indians], from their native soil,
from the tombs of their fathers to which they are devotedly attached, and from their ancient hunting and fishing grounds…. With each successive emigration they find
their grounds [further] restricted, their hunting and fishing places less abundant. Yet in all the treaties, the agents
promise them, on the part of the President, which they call
the great father, protection and privileges that are never
realized…." [and] "The Government always a friend to
the Indian was weak in its execution of the laws and trea93
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Figure 3.5

Indian fishery at Kettle Falls, painting by Paul Kane, 1848. Image courtesy of Stark Museum, Orange, Texas. Image No.
31.78.216. A basket trap is illustrated in the lower right corner.

ties with them. Exactly there was the fault – that it did not
enforce the fulfillment of its promises.”
Instead the government allowed the schemes of men of vision
(i.e., developers and resource extractors) free reign over Indian
lands. In many instances, these unscrupulous scoundrels got
members of Congress to intercede on their behalf to introduce and
enact legislation that modified Indian treaties or Executive Orders
in such a way that it reduced the Indian’s rights. Typically this was
done without first consulting with the effected tribes.
DeSmet was a keen observer of nature. The journals he kept are
a rollicking good read, as fluid as the mighty Columbia River upon
which he glided from very near its source down to the Pacific Ocean.
In the spring of 1846, DeSmet decided to hike between Fort
Jasper, where he had overwintered, to Boat Encampment on the
Columbia River. Boat Encampment was the northern most point
on the Columbia River in British Columbia. His purpose in making the journey was to meet up with Hudson Bay Company voyageurs who were making a trip by boat down the Columbia River.
Hudson’s Bay Company officials sought to dissuade DeSmet from
making the 70-mile long trek,
“on account of my corpulency…. However, I thought I
could remedy the inconvenience of my surplus weight by
a vigorous fast of thirty days. I found myself much lighter
indeed, and started off somewhat encouraged, over snow
16 feet deep.”
DeSmet and his companions plodded 30 miles a day up and
down steep terrain. DeSmet, his gait clumsy and awkward, continually sank into the deep snow on account of his weight. His feet
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became wet and frost bitten, his toenails blackened and fell out.
Nevertheless, DeSmet shrugged off these inconveniences and his
disposition remained cheerful.
“We made thirty miles the first day, and then made
preparations to encamp. Some pine trees were cut down
and stripped of their branches, and these being laid on
the snow furnished us with a bed, whilst a fire was lighted
on a floor of green logs. To sleep thus – under the beautiful canopy of the starry heavens – in the midst of lofty
and steep mountains – among sweet murmuring rills and
roaring torrents – may appear strange to you, and to all
lovers of rooms, rendered comfortable by stoves and feathers; but you may think differently after having come and
breathed the pure air of the mountains, where, in return,
coughs and colds are unknown. Come and make the trail,
and you will say that it is easy to forget the fatigues of
a long march, and find contentment and joy even upon
the spread branches of pines, on which, after the Indian
fashion, we extended ourselves and slept, wrapped up in
buffalo robes.”
DeSmet described his trip down the Columbia,
“The Columbia dashes along with irresistible impetuosity, forming frightful whirlpools where every passing object
is swallowed and disappears…. The boat darted over the
great rapids of the Columbia, dancing and leaping from
wave to wave, with the rapidity of lightning” (DeSmet in
Chittenden and Richardson 1905).
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At the treacherous Mahkin rapids, near the mouth of the
Nespelem River, five of DeSmet’s companions were drowned when
their boat capsized in the vortex of a whirlpool at the bottom of an
immense standing wave.
When DeSmet reported to Pope Gregory XV on the progress of
the missions, Gregory wanted to make DeSmet Bishop over the entire “Oregon Province.” DeSmet wriggled out this duty by pointing
out that Father F. W. Blanchet was older and wiser than himself and
would therefore make a better Bishop. This, of course, left DeSmet
free to continue to roam freely about the countryside saving souls
and making natural history observations.
DeSmet made numerous observations about anadromous
and resident fishes of the Columbia Basin. For example, at Coeur
d’Alene Lake, Idaho DeSmet noted the lake, “abounds in fish, particularly in salmon trout [i.e., bull trout], common mountain trout
[i.e., westslope cutthroat trout], and a small oily fish [i.e., mountain
whitefish], very delicious and tasting like smelt.”
In another instance DeSmet visited Kettle Falls for 13 days in
July and August of 1845 (Figure 3.5). He noted that a Salmon Chief
directed the fishery and doled out an equal share of the catch to
each party present. He recorded:

the Spokane Indians. The Tshimakain Mission, near the present
day town of Ford, Washington, was part of a complex of missions
established by the American Board of Commissioners of Foreign
Missions. Other missions included Waiilatpu (near Walla Walla,
Washington, founded by Marcus and Narcissa Whitman, the
leader of the Presbyterian missions in the Northwest) and Lapwai
(near Lewiston, Idaho, founded by Henry and Eliza Spaulding).
It was the American Board of Commissioners of Foreign
Missions who, because they wanted to send out missionaries as
husband and wife teams, that sent Elkanah Walker to meet Mary
Richardson. Her initial impression, “I saw nothing particularly interesting or disagreeable in the man. He is a tall and rather awkward
gentleman” (Mary Richardson’s Diary, 22 April, 1837). Nevertheless,
it was a whirlwind courtship. Elkanah Walker proposed to her
within 48 hours of their first meeting and Mary Richardson
accepted.

“Eight to nine hundred savages were assembled there for
the salmon fishery. An enormous basket was fastened to
a projecting rock. Seven or eight times a day these baskets were examined. Each time they were found to contain
about 250 salmon. The Indians, meanwhile, were seen on
every projecting rock spearing fish.”
DeSmet reported to L. H. Morgan (1881) that the share which
fell to him, after being split, scarified and dried on scaffolds,
loaded 30 pack mules. Noting that a pack mule could carry about
150 pounds of dried salmon, a conservative estimate, DeSmet’s
total take was estimated at about 4,500 pounds of dried salmon.
Considering he spent 13 days there, this would average 346 pounds
of dried salmon per day.
At the headwaters of the Columbia River, at Columbia and
Windermere lakes in 1845, DeSmet saw “shoals of salmon….” at the
entrance of the second lake,
“I saw them pass in great numbers, cut and mutilated,
after their long watery pilgrimage among the rapids, cataracts, and falls; they continue this uninterrupted procession during weeks and months…. These two lakes form an
immense tomb for they die in such numbers as frequently
to infect the whole surrounding atmosphere….”
After 1846, DeSmet voyaged frequently to Europe, making a
total of 19 Trans-Atlantic crossings, seeking funding to support
his missions. He took over administrative duties in St. Louis, but
in 1868 was asked by the U. S. Government to use his powers as a
negotiator to bring the Souix Chief Sitting Bull to the table to sign
the Treaty of Fort Laramie. DeSmet sought out Sitting Bull’s camp
on his own, one white man amongst the “hostiles,” carrying a message of peace, and convinced Sitting Bull to participate in the treaty
negotiations. DeSmet died in St. Louis in 1873.
Rev. Elkanah Walker (180–1877) (Figure 3.6a) and his wife Mary
Richardson Walker (1811–1897) (Figure 3.6b), and Rev. Cushing
Eells (1810–1893) (Figure 3.6c) and his wife Myra Fairbank Eells
(1805–1878) (Figure 3.6d), were Presbyterians who founded the
Tshimakain mission and lived for nine years (1838–1847) among
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Figure 3.6

Presbyterian missionaries:
A) Rev. Elkanah Walker,
B) Mary Richardson Walker,
C) Rev. Cushing Eells, and
D) Myra Fairbank Eells.

After Elkanah Walker graduated from the Bangor, Maine
Theological Seminary, they were married on 5 March, 1838. The
bride wore black on her wedding day to commemorate the occasion. For their honeymoon, they immediately set out for the Pacific
Northwest to become missionaries. In New York City, they met
their fellow missionaries Cushing and Myra Fairbank Eells, who
were by coincidence married on the same day as the Walkers.
Myra Fairbank graduated from a female seminary in
Whethersfield, Connecticut and obtained her teaching certificate in
1828. Cushing Eells graduated from Williams College in 1834, then
attended East Windsor Theological Institute in Connecticut from
1834–1837. He was ordained into the Congregationalist Ministry in
October 1837. The Eells had a more conventional romance then the
Walkers. They first became friends, then affectionate, eventually
leading to a proposal. When Cushing Eells asked her if she would
be willing to become a missionary, Myra Fairbank answered, “I
doubt whether you could have asked anyone who would have been
more willing” (Eells 1894). Their trip west was also their honeymoon.
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The missionaries traveled from New York to Independence,
Missouri by a variety of conveyances, primarily steamboat. In
Independence they joined a wagon train composed of American
Fur Company Traders heading off to rendezvous in the Wind
River Mountains of western Wyoming. From the rendezvous
site they joined a party of Hudson’s Bay Company fur traders
and Methodist missionaries who were traveling to the Columbia
River. Mrs. Walker and Mrs. Eells were among the first six white
women to cross the Rocky Mountains. They rode horses across
the prairies and mountains, sitting side saddled. Mary Walker was
pregnant en route. She gave birth to her son Cyrus in Walla Walla
on 7 December, 1838, just 2 days longer than the nine months the
Walkers had been married. Cyrus was the first white child born in
eastern Washington.
Mary Walker, more than any other member of this quartet, appreciated the smorgasbord of geological landforms, plants and animals they witnessed en route. She had an educational background
in Natural History. She had attended classes at Maine Wesleyan
Seminary, although she received no formal credit for them because
she was a woman. There she took courses in natural history, botany,
and chemistry from Professor Merritt Caldwell. During her trip
on the Oregon Trail, and during her stay at Tshimakain Mission,
she sent long letters back to Professor Caldwell that eloquently
described the geological landforms and natural history she had
observed (Fargo 1957). A botanist, Karl Geyer, visited the mission
in 1843–1844, and taught her how to press plants. Afterwards she
began to press her own herbarium specimens. In 1847, she took
up the practice of making study skins of fish, reptiles, birds, and
mammals. For example, her diary entry for 3 August, 1847 stated,
“Purchased a trout & a trout & a salmon skin. Spent the afternoon
stuffing or fixing them.” During the 4th and 5th of August she tried
stuffing a snake, a bird, and a mammal. On the 6th of August, 1847,
her diary indicated that “Mr. Walker got all out of sorts with me….”
on account him not approving this activity for a lady.
Elkanah Walker was tall (6’4”) and was described as “dignified,
reserved, and unshakable in his conviction that God called him to
be a missionary to the Indians” (Drury 1976). At times he could
be an insensitive brute who voiced his concerns about his wife’s
shortcomings, making her “bawl.” At the same time, he and Eells
learned the Spokane Language and published a primer about it.
What impresses me most about the missionaries’ diaries is
how human they appeared. Husbands complained about their
wives, and wives about their husbands. The Walkers and the
Eells also got into several rows, sometimes lasting for months at
a time. Yet there was a lot to admire in each of these individuals.
They apologized to each other and made up. They had plenty of
nice things to say about each other. For example, when, in June
of 1847, Marcus Whitman wanted Walker and Eells to close down
the Tshimakain Mission and take over the failed Methodist mission at Waskopum near The Dalles, Walker refused. Whitman
was fearful that Waskopum, a site with strategic value because
of its location along the Oregon Trail and close proximity to the
Indian fishing site at Celilo Falls, would fall into the hands of the
Roman Catholics unless Presbyterians took charge. Walker visited
Waskopum but declined Whitman’s request because of his knowledge of the Spokane Tongue and his leaving Tshimakain would
leave the Spokane Indians and all the other tribes which spoke the
Salish dialect without a Presbyterian minister. Mary Walker was
also strongly opposed to the move because she was pregnant again.
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(She ultimately bore Elkanah Walker eight children, 7 boys and 1
girl). When she learned of her husband’s decision she wrote the
following passage about him in her diary (4 July, 1847):
“I hope my brothers and sisters will all find companions
whom they will love as much as I do mine & be as much
beloved, as I believe I am … I esteem it to the greatest of
all blessings that I have a husband who is, instead of being
a dead weight sinking me down, always as it were lifting
me heavenward.”
However, when, on his death bed in 1877, Elkanah Walker tried
to extract a promise from her not to marry anyone else, Mary
Walker refused (Drury 1963). She outlived her husband by 20 years
but never did marry again.
The two families of missionaries occupied the Tshimakain
Mission for nine years (1838–1847). During this entire time they
failed to convert a single Indian to Christianity. The reason was
that the Indians were loathe to give up their nomadic life cycle and
settle down to become farmers and ranchers. Instead, the Indians
continued to gather at their traditional communal fishing site
about 10 miles south of the mission on the Spokane River at Little
Falls (where they harvested salmon, steelhead trout, and Pacific
lamprey), and at their ancient root gathering and berry picking
grounds located about 18 miles north of the mission (where they
gathered camass roots and huckleberries). During the summer
months the missionaries divided their time, with Rev. Walker traveling to one of the sites and Rev. Eells traveling to other site to hold
Saturday devotions and Sunday church services.
At the Little Falls salmon fishing site, the Indians had constructed a weir across the Spokane River, that the missionaries
called “the barrier.” The notes the missionaries kept in their diaries from 1839–1847 provided information about: the numbers of
salmon harvested by the Indians, (2) the methods employed by the
Indians for catching them, (3) the efficacy of capture and (4) the
duration of the run at Little Falls. Up to 1,000 Indians gathered annually at the site and they harvested between 200–1,000 fish daily.
In some years runs were stronger than in other years. Substantial
numbers of fish passed through the weir without being caught.
The salmon run at Little Falls generally commenced on about 5–14
June, although in one year (1846) a poor run (about 200 fish daily),
the first salmon was not taken until 26 June. The salmon run at
Little Falls generally lasted until about 5–11 August. The following
notes expand on these observations.
Elkanah Walker noted,
“It is astonishing the number of salmon which ascend the Columbia yearly and the quantity taken by the
Indians. These are one of their great means of subsistence.
It is not uncommon for them to take a thousand in a day.
Some of them, I should think, would weigh 20 lb. It is an
interesting sight to see them pass a rapid. The number was
so great that there were hundreds constantly out of the water… The Indians are quite expert in taking them…. Their
mode in the Spokane is to make a weir and then spear
them” (Drury 1976: 113–114).
Reverend Walker wrote a letter (dated 21 February, 1845, cited
in Drury 1976: 525–526) that appeared in the 12 March, 1846 issue of the Christian Mirror, a Presbyterian newspaper published
in Portland, Maine, that further described the Little Falls fishery:
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“It would doubtless be best for the natives if they
could be kept under religious influence the whole
year round but this cannot be done at present and
when it will be done, if ever, looks doubtful to me.
The truth is, it would not be best to change their
mode of life at once and their food…. But there is
nothing to fear on this point. They manifest but little
intention to change their mode of life. Especially at
this station, but little is done at cultivating. No one
appears the least disposed to settle down…. The …
dependence of this people for animal food is fish and
especially salmon. It is astonishing what numbers
ascend the Columbia and its tributaries every year.
Though some years they are more numerous than
others. Of all that ascends, no[t] one reaches the sea
again alive. The Indians take them at the rapids by
means of weirs. I have seen them at some rapids actually to fill the air in making attempts to pass up….
It is not uncommon for many to pass [through] the
[weirs] and these are taken after they have laid their
eggs” (Drury 1976).

• 3 July, 1841 (Mary Walker’s diary). “Mr. Walker at
barrier.”
• 11 July, 1841 (Elkanah Walker’s diary). “Mr. Eells went
to the river today and was quite disappointed to see the
Indians, as soon as worship was over, go to killing fish.”
• 2 July, 1842 (Elkanah Walker’s diary). “At barrier….”
• 12 July, 1842 (Mary Walker’s diary). “Myself and children went with Mr. Eells to the fish weir. One would
think they would never want for food to see them now.
They seem not to waste any.”
• 6 August, 1842 (Elkanah Walker’s diary). “At barrier.
Most of the Indians have moved off.”
• 10 June, 1843 (Elkanah Walker’s diary). “At barrier….”
• 14 June, 1843 (Mary Walker’s diary). “An Indian
brought us the first fresh salmon of the season.”

In a letter to the Missionary Hearld (1840: 437, cited in M. Eells
1894: 94–95), a Congregationalist newspaper, Cushing Eells wrote:
“In June salmon begin to go up the Spokane River, which
passes within six miles of our house. At first a barrier was
constructed near some falls, ten miles from this place and
perhaps fifteen miles from the camass grounds. At that
place salmon were taken only during high water, and then
not in large quantities, as the barrier extended only a part
of the way across the river. While the men and boys were
employed at the salmon, the women were digging and
preparing camass, and daily horses passed between the
two places, loaded both ways, so that all could share in
both kinds of food. As the water fell another barrier was
built farther down, extending across the entire river; and
when completed men, women, and children made a general move to the place. If I judged correctly, I saw there at
one time near one thousand persons, and the number was
rapidly increasing. From four to eight hundred salmon
were taken in a day, weighing variously from ten to forty
pounds apiece. When they ceased to take salmon, about
the first of August, they returned to the camass ground,
where they remained till October, and then began to make
preparations for taking the poor salmon as they went
down the river.”

• 30 July, 1843 (Elkanah Walker’s diary). “Mr. Eells went
to barrier today….”
• 23 June, 1844 (Elkanah Walker’s diary). Eells went to
barrier on June 16, 1844; Walker went to barrier on
June 23, 1844.
• 7 July, 1844 and August 3, 1844 (Mary Walker’s diary).
“Mr. Walker at barrier.”
• 15 September, 1844 (Elkanah Walker’s diary). Rev.
Walker went to Spokane Falls (in present day
Spokane, Washington). The Indians were fishing
below these falls. “We did not have worship until late
as they were so much occupied by the fish.”
• June 1845 (Elkanah Walker’s diary). Walker and Eells
were attending a mission meeting in Waiilatpu (Walla
Walla) in June and missed the first part of the salmon
season. By the time they arrived back at Tshimakain
the fishing season was well underway.
• 23 July, 1845. Indians are at the barrier “and are talking an abundance of fish.”

Following are some notes from Mary and Elkanah Walker’s diaries (Drury 1963, 1976).
• 10 June, 1839 (Mary Walker’s diary). “The first
salmon….”

• 16 August, 1845 (Elkanah Walker’s diary). “I went to
the Great Fishing Place and found not a good number
of people there….”
• 24 August, 1845 (Elkanah Walker’s diary). At barrier
but “there were but few Indians here.”
• 26 June, 1846 (Elkanah Walker’s diary). “Mr. Eells has
been to the river. The Indians have put down the weir.”

• 11 August, 1839 (Mary Walker’s diary). “Mr. Walker at
barrier.”

• 26 June, 1846 (Mary Walker’s diary). “Had salmon for
dinner, the first time this season.”

• 14 July, 1840 (Mary Walker’s diary). “Mrs. Eells went
down to barrier. Saw Indians spearing fish.”

• 5 July, 1846 (Elkanah Walker’s diary). “When I got to
the river, I found their [drying sheds] full of fish and
all hands busy cutting up [fish].”

• 13 June, 1841 (Mary Walker’s diary). Noted many
Indians about preparing to move to barrier.
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• 5–6 July, 1846 (Mary Walker’s diary). “Mr. Walker
went to the barrier. Indians are taking several hundred
salmon a day.”
• 26 July, 1846 (Mary Walker’s diary). “Mr. Walker at
the barrier. The people [so numerous] and noisy that
he could not sleep on account of them.”
• 9 August, 1846 (Elkanah Walker’s diary). Apparently
the fishery at Little Falls had closed down by this date
because Eells was at the Camus grounds and Walker
delivered a Sunday sermon at Tshimakain rather than
going to the barrier.
• 9–30 June, 1847 (Diaries of both Elkanah and Mary
Walker are missing for this period). July 3, 1847
(Elkanah Walker’s diary). “I went to the river after a
salmon in the forenoon.”
• 22 July, 1847 (Elkanah Walker’s diary). “I went down
to the river today but I did not have worship with the
people as they were killing their fish when I got there….”
• 15 August, 1847 “I … went to the river where I had a
pretty good number [of Indians to preach to].”
The missionaries statements are corroborated by the journals
kept by trappers and government officials. For example, on 22 July,
1825, Hudson Bay Company fur trader John Work noted that the
Spokanes were at their fishing barrier at Little Falls, “taking 700 to
800 salmon per day” (Elliot 1914).
Captain Charles N. Wilkes, United States Navy, commander of
the United States Exploring Expedition during the years 1838–1842,
reported that on 21 June, 1842 Lieutenant Johnson proceeded up
the Spokane River to visit the mission at Tshimakain. In the vicinity of the Little Falls fishing barrier, “The river itself is pretty; its waters are transparent…. To judge from the number of sheds of drying
salmon, it must abound with fish.” (Wilkes 1845).
L. P. Beach, a cadastral surveyor who mapped the Spokane
River in 1862, recorded in his field notes that, “[Little] Falls is a
large salmon fishery. The Indians put up at least 250 tons of dried
fish during the fishing season.” A map accompanying the field notes
unmistakably identified the site as Little Falls.
The Tshimakain Mission was abandoned in 1848, shortly after
Dr. Marcus Whitman, his wife Narcissa Prentiss Whitman, and
12 other people were murdered at Waiilatpu Mission by Cayuse
Indians on 29 November, 1847. Dr. Whitman was dismembered
beyond recognition. Additionally, the Indians took 54 women and
children hostage. Three of the wounded hostages were later killed
and two children died after contracting measles in the Indian camp.
Factors that contributed to the “Whitman massacre,” as it came
to be called, included:
• The Cayuses probably believed that Dr. Marcus
Whitman was an evil shaman who used measles to
kill Indian children. In the fall of 1847, a measles epidemic swept through all of eastern Washington and
affected both Indians and whites. The white children
that Dr. Whitman treated recovered but most of the
Indian children that he treated died (because Indians
lacked immunity). A common practice among the
Indians was that a doctor or shaman could be killed if
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his patients died. Thus, Dr. Whitman may been killed
in retribution for all of the Indian patients that died
under his care. This, however, does not explain the
massacre and taking of white prisoners.
• The Indians were worried about the number of white
settlers pouring into the area. In 1842, the American
Missionary Board had decided to close the mission
at Waiilatpu and Marcus Whitman had to return to
the East to convince the Board to reverse its decision.
When he returned to Walla Walla in 1843 he helped
to guide a wagon train of 1,000 pioneers along the
Oregon Trail. His mission became a sort of “destination stopover” for other wagon trains, and soon he
was spending as much time catering to the needs of
the settlers as he was ministering to his Indian flock,
which alienated the Cayuse. In July 1847, Narcissa
Whitman observed that “the poor Indians are amazed
at the overwhelming number of Americans coming into
the country…. They seem not to know what to make
of it.” Most likely, the Indians associated the measles
epidemic of 1847 with the influx of white settlers, so
all the whites at the mission were made to pay.
A subsequent attack by white militia on a band of innocent
Cayuses soon escalated into a war. In 1849, five Cayuse Indians
(Tiloukaikt, Kiamsumpkin, Klokomas, Tomahas, and Iaiachalakis)
took responsibility for the Whitman massacre and voluntarily surrendered, consenting to be tried for murder, in an effort to save
the rest of their tribe. They were tried, found guilty, and publicly
hanged on 3 June, 1850. On the gallows Tiloukaikt’s last words were,
“Did not your missionaries teach us that Christ died to save his people? So we die to save our people.”
Shortly after their attack on the Whitman’s, the Cayuses announced their plans to attack the Tshimakain Mission. Although
the Spokanes told Walker and Eells that they would protect them
in the event of a Cayuse attack, the missionaries decided it was
time to leave.
The Walkers decided to move to Forest Grove, in the Willamette
Valley, Oregon, where they helped to establish Tualatin Academy,
which became Pacific University in 1866. Walker donated the land
for, and became a trustee of, Pacific University, a position he held
until his death.
Cushing and Myra Eells also moved to the Willamette Valley
where Mr. Eells taught school at several locations. They eventually
settled in Forest Grove in 1857, where Mr. Eells became the first principle of Tualatin Academy. In 1859, Mr. Eells returned to Walla Walla
to establish Whitman Seminary which became Whitman College in
1866. When their home in Walla Walla burned down in 1872, Eells
and his wife moved to Skykomish, Washington. Myra Eells died
in 1878. Mr. Eells then moved back to eastern Washington, where
between ages 67–77 (1877–1887), he established Congregationalist
Churches in Colfax, Cheney, Medical Lake, and Sprague, Washington
and became pastor in each of these cities. In 1876, he made a trip
back through Tshimakain. He noted that members of the Spokane
tribe still made their living much as they had 35 years before, living
predominately upon fish, roots, and berries with some wheat and
garden produce. Consequently, they still continuously migrated on
their annual subsistence round.
Mary Walker was the last to die. Widowed for 20 years, she
boarded students attending Pacific University. In her declining years
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she became somewhat feeble minded. She would take her old sidesaddle, upon which she had ridden across the country, placed it on
a chair and sat on it, trying to relive those bygone days of her youth.

the lower Columbia and upper Columbia. [Details of Pickering’s
journey to Fort Colville were described by Barry (1929).]

UNITED STATES EXPLORING EXPEDITION
(WILKES EXPEDITION)
In the years 1838–1842, the United States government sent a squadron of Navy vessels under the command of Lieutenant Charles
Wilkes (1789–1877) (Figure 3.7) on a voyage to make nautical
charts and collect cultural and natural history information from
around the world (Meany 1926; Haskell 1942). Philebreck (2003)
recounted many of the colorful exploits of this expedition.
Wilkes, accompanied by naval personnel and an assortment of
naturalists, geologists, and anthropologists, circumnavigated the
globe, covering a distance of 87,780 nautical miles. Wilkes’ team
explored Tierra del Fuego, Hawaii, several South Pacific island
archipelagos, Australia, New Zealand, California and the Pacific
Northwest. They spent the summer of 1841 exploring Puget Sound
and the Columbia Basin.

Figure 3.8

Figure 3.7

Lieutenant Charles Wilkes

Members of Wilkes scientific corps included surgeon August J.
Thibodo, naturalists Charles Pickering, Titian R. Peale, and Joseph
P. Coutnouy, botanist William Rich, Philologist and ethnographer
Horatio Emmons Hale, taxidermist John Dyer, and geologist James
Dwight Dana. Of these, Charles Pickering (1805–1898) (Figure 3.8)
was the most important ichthyologist. Pickering graduated with an
MD from Harvard University and set up practice in Philadelphia.
He was the librarian and curator of the Philadelphia Academy of
Sciences before becoming a member of Wilke's team. He was principally a botanist but also dabbled in herpetology, ichthyology and
anthropology. During their time in the Pacific Northwest Wilkes,
Rich, Dyer and Dana explored the lower Columbia and Willamette
Rivers; Peale, Coutnouy, and Dana spent the majority of their time
in Puget Sound and San Juan Islands; Pickering explored the upper reaches of the Columbia Basin in the company of Lieutenant
Robert E. Johnsen; and Hale divided his time between Puget Sound,

Charles Pickering

Results of the expedition were to have originally been published
in 24 monographs including a five volume narrative (Volume 1–5)
of the expedition by Wilkes and several additional volumes covering specific aspects of the scientific observations prepared by the
scientists. Separate volumes were produced on fishes (Volumes 21,
22), anthropology (Volumes 6, 9), birds and mammals (Volume
8), mollusks (Volume 12), crustaceans (Volumes 13, 15), botany
(Volumes 14, 16, 17, 18), biogeography (Volumes 15, 19), physical
sciences (Volumes 12, 23, 24), and geology (Volume 10).
Wilkes’ narrative of the expedition appeared in five volumes
and an atlas of maps published by the Government Printing
Office, Washington, DC (Wilkes 1844) and later reprinted by
the publishing house of Lea and Blanchard, Philadelphia in 1845
(Wilkes 1845). Wilkes also published a condensed version of
the portions of his narrative relating to the west coast of North
America under the title Western Americana, Including California
and Oregon (Wilkes 1849).
The publication of the remaining 19 volumes became a protracted, agonizing affair, owing to the painstaking measurements
required to properly document specimens, procrastination by
the scientists and delays caused by the outbreak of the Civil War.
Publication continued until 1874 and was then suspended because
Congress failed to appropriate additional funds. At that time five
of the projected volumes, including the two on fishes and one on
biogeographical distribution, still had not been published.
The volume on fishes were initially assigned to Charles
Pickering, who completed a portion of the work himself. After
becoming bogged down in the tedious task of making precise
morphometric measurements needed to document fish specimens,
while at the same time trying to complete the volume on biogeography, Pickering arranged for the remaining work (the majority) to be accomplished by the brilliant naturalist Louis Agassiz at
Harvard University (see biographical sketch page 117).
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Agassiz, a traditional academician with a plethora of projects,
who worked on “Academic Time”, procrastinated for almost 35
years. By the time the work was completed in 1884, in two volumes
of approximately 1,000 pages each (in manuscript) plus an atlas of
illustrations, Congress had ceased appropriating funds for publication. As a result, the work was never printed.
Agassiz delivered the manuscripts to the United States National
Museum. The report of the United States National Museum for fiscal year 1885 noted, “The Fishes of the Wilkes Exploring Expedition,
which were sent to Professor Louis Agassiz for study, were returned to
the National Museum, together with manuscripts and illustrations
based upon them.” I have attempted to locate theses manuscripts
but was unsuccessful. Apparently, they are lost somewhere in the
Smithsonian Archives.
Fortunately, Agassiz published a synopsis of his preliminary findings regarding the fish specimens from the Pacific
Northwest (Agassiz and Pickering 1855). One of his most important contributions was to erect the genus Ptychocheilus to
describe the pikeminnow and Acrocheilus to describe the chiselmouth. Additional fish from the Wilkes Expedition were analyzed by Fowler and Bean (1924) but none of these specimens
were from the Pacific Northwest.
Pickering completed the first volume on geographical distribution of plants and animals (Volume 15) in 1854 but did not complete
the second volume (Volume 19, which contained fish distribution)
until 1876, two years after Congress had stopped appropriations.
Pickering apparently, privately-published the second volume in
1876 (Haskell 1942), but I have been unable to locate it.
Horatio Emmons Hale (1817–1869), became the foremost figure
in ethnology and linguistics of his time. At the age of seventeen,
Hale had published a vocabulary of Algonquians, one of the tribes
of the Iroquois Nation. By the age of 20, in 1837, he had received
his undergraduate degree at Harvard, where he studied language
and anthropology. His reputation as one of the University’s most
gifted and brilliant students won him appointment to the Wilkes
Expedition. At home in the wilderness and with native people (he
had lived and traveled among the Iroquois Tribes as a boy), he
compiled extensive information about the native inhabitants of the
South Pacific (Hawaii, Island arc chains of Southeast Asia, Australia,
New Zealand) and northwestern America. After returning to the
United States in 1842, Hale organized his field notes which culminated in the 1846 publication by the Government Printing Office
of a 666 page opus (Volume 6) entitled Ethnography and Philology:
United States Exploring Expedition 1838–1844, Hale’s tome was notable for its utilization of ethnographic and linguistic data to trace
the diaspora of aboriginal peoples from Southeast Asia across the
South Pacific to Hawaii. He also provided the first comprehensive
description of the language, dialects and customs of the Indian
Tribes of the Pacific Northwest. His book contained translations
of hundreds of words used by several tribes as well as a description
of the “trade jargon.”
The plethora of native languages in the Pacific Northwest
proved troublesome to early British and American traders. On
the coast, numerous distinct languages were spoken over a limited
geographic range. In the Interior Columbia and Fraser River basins there were only two principle languages, Interior Salish north
of (and in) the Spokane River basin and Sahaptin to the south, but
many different regional dialects were spoken. In some cases the
dialects were so different that neighboring tribes had difficulty
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communicating with each other. Hale (1846) listed 13 language
families, 26 distinct languages and 18 dialects i.e., a total of 38 different linguistic cultures. Although most modern philologists have
reduced these numbers somewhat, for example by grouping many
of the coastal languages as dialects of the Coastal Salish language,
I have given Hale’s (1846) numbers because they accurately represent the situation faced by the first white explorers and traders.
Many of these tongues were complex in structure and contained
words that were difficult for Euroamericans to pronounce. As
a result, the tribes developed sign language. After arrival of the
Europeans and Americans, the foreigners generally took no pains
to learn the native language. Instead, they developed a sort of hybrid language that was largely based on Nootka, Chinook, English,
and the Francophone used by French Canadian voyagers. Nootka
and Chinook languages were employed as base language because
the harbor at Nootka, Strait of Juan de Fuca, Vancouver Island occupied by the Nootka Indians and the Columbia River Estuary occupied by the Chinook Indians were the original depots of trade.
Fur traders of the Northwest Company and Hudson Bay Company
carried this language, called “The Jargon” or “Trade language of
Oregon”, into the interior. The language contained a vocabulary of
just 326 words, [see Hale (1846) for a complete listing] but enabled
a remarkable degree of communication to take place between the
traders and tribes. Hale’s report is useful for fish biologists because
it contains informative descriptions of Indian fisheries and various
Indian and Trade Jargon names of fishes. Because the Government
Printing Office printed only 100 copies of Hales report, it was reprinted by Gallatin ( Hale 1848).
Several of the officers under Wilke’s command also privately
published their own personal narrative accounts of the Expedition
(Jenkins 1850; Colvucuresses 1855). Dr. Thibodes’ journal was discovered and published by Brode (1940). Bancroft (1890), Meany (1926)
and Haskell (1942) summarized the expedition. Haskell’s (1942)
report was particularly illuminating as it provides thoroughly researched details about the publications arising from the expedition.

PACIFIC RAILROAD SURVEYS (1853–1855)
By the late 1840s, the United States Government began planning
the first transcontinental railroad. However, considerable political
“pork barrel” wrangling commenced between the various states and
territories about the route because economic boom times, associated with construction and commerce that would follow the rail line,
were anticipated. As a result, the United States Congress devised a
plan to circumvent the political deadlock by exploring five potential
routes simultaneously, then using the information acquired by these
various Pacific Railroad Surveys to select the most economically
feasible route based upon terrain and availability of materials for
building rail beds and laying tracks (Goetzmann 1959).
The Pacific Railroad Surveys were conducted by the United
States Army, Corps of Engineers between 1853 and 1855. Each
survey team was accompanied by topographical engineers and
a scientific corps to collect information on the biology and geology of the western United States. The reports of the various
expeditions submitted to the United States Congress, were published by the Government Printing Office between 1855 and 1860
in a handsome 12 volume set, lavishly illustrated with scenes of
western landforms, Indians, some of their fisheries and containing a folio of maps.
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The exploration of the Northern Route across Minnesota, the
Dakotas, Montana, Idaho and Washington was directed by Isaac
Ingalls Stevens (1818–1862) (Figure 3.9), who was simultaneously
appointed as the first territorial governor of Washington Territory.
Stevens had been a cadet of West Point and a member of the military campaign against Mexico. He received a commendation for
gallantry at the Battle of Chapultepec. Stevens was killed in action
at the Battle of Chantilly during the Civil War. His last action was
to pick up his regiments fallen colors and lead a charge against the
rebel soldiers. As he was running, Stevens was struck in the head
by a bullet and died instantly.

Figure 3.9

A. L. Lewis (civil engineers) and Second Lieutenants J. K. Duncan,
S. Mowry and H. C. Hodges. McClellan’s primary objective was to
survey routes over the Cascade Range so he split his party into
three groups. Collectively they explored all of the river valleys on
the east flanks of the Cascades, the Columbia mainstem, and portions of the Columbia Plateau.
The Third Division was given the duty of establishing a supply
depot at St. Mary’s Mission on the Bitteroot River (near Stevensville,
Montana). The duty was charged to Lieutenant Rufus Saxton, who
was accompanied by Mr. Lyman Arnold (astronomer), D. S. Hart
(meteorologist and topographer), and Second Lieutenants Richard
Arnold and R. Macfeely. Lieutenant Saxton’s route followed the
course of the Columbia, Snake and Palouse Rivers. Near Steptoe
Butte they abandoned the Palouse and followed Latah (also called
Hangman) Creek to Spokane. From Spokane, Saxton’s party traveled up the Little Spokane Valley to Albeni Falls on the Pend
Oreille River, thence the course to the Pend Oreille, Clark Fork and
Bitteroot Rivers to the Jesuit Mission of St. Mary’s on the Bitteroot
River, Montana.
The naturalists and many of the military officers left records
describing the Indians and their fisheries along their routes. For
example, Lieutenant Rufus Saxton, camped at the fishery of the
confluence of the Spokane and Little Spokane Rivers on 6 August,
1853, described his first encounter with the Spokane Indians:
“The Spokanes… were delighted to find us friends and
came in great numbers to welcome us. About 30 mounted
warriors in full costume formed upon a high hill overlooking our camp and sang a song of welcome. It was just at
sunset; and as they stood upon that eminence facing the
setting sun, made the hills and valleys echo with their
wild music, the scene was strikingly grand and imposing,”
(Saxton in Stevens 1855).

Gov. Issac Ingalls Stevens

Stevens’ directives during the Pacific Railroad Surveys were to:
(1) ascertain the most economically feasible route for the railroad
and wagon roads, (2) identify natural resources and (3) obtain
natural history specimens throughout the survey area. The plants,
invertebrates, fish and wildlife were to be sent back to the United
States National Museum (Smithsonian) in Washington, DC.
Stevens was also authorized to establish treaties with Indian Tribes
along the route.
Stevens’s entourage was divided into three divisions, each assigned a scientific corps of cartographers and naturalists that was
accompanied by a military force, so that exploration could commence simultaneously from the Mississippi River and West Coast.
Stevens, who commanded the first division, embarked from St.
Paul, Minnesota. His scientific corps included George Suckley,
MD (surgeon and naturalist – see biographical sketch page 153),
Dr. John Evans (Geologist), J. M. Stanley (artist), F. W. Lander and
A. W. Tinkham (civil engineers), John Lambert (topographer) and
George W. Stevens (astronomer). Military personnel that accompanied Stevens included Second Lieutenants A. J. Donelson, Cuvier
Grover and John Mullan. Each of these individuals filed reports
and many of them subsequently wrote accounts about their experiences which described the fishes and Indian fisheries in the regions
they surveyed. After reaching the Rockies the team divided into
small groups to examine different passes through the mountains.
Thus, they each entered north Idaho and eastern Washington by
different routes.
Captain George B. McClellan (1826–1885) commanded the second division which embarked from Fort Vancouver, Washington.
Captain McClellan was accompanied by Dr. James Graham
Cooper (surgeon and naturalist – see biographical sketch page
123), George Gibbs (geologist and ethnologist), J. F. Menter and

On 17 October, 1853, Stevens was at Spokane Falls. About one
mile below the falls at the confluence of Latah Creek he found an
Indian village whose inhabitants were catching salmon (Stevens
1855). Governor Stevens wrote several reports to Congress, two
of which were published as volumes in Pacific Railroad Survey
Reports: Volume 1 (Stevens 1855a) and Volume 12 (Stevens 1860b).
Additionally, Stevens made regular reports to congress in his twin
capacities of North Pacific Railroad Route team leader (Stevens
1859, 1860c) and superintendent for Indian Affairs in Washington
Territory (Stevens 1854, 1855). Several officers sent reports to
Steven’s that described their explorations in detail, which were
published in Volume 1 (McClellan 1853; Arnold 1855; Grover 1855;
Mullan 1855a, 1855b; Saxton 1855). The Naturalists on the Survey
also sent reports to Steven’s concerning their biological and geological explorations as well as publishing their findings in scientific
journals (Cooper 1855; Gibbs 1855a, 1855b, 1867, 1877; Suckley 1855a,
1855b, 1857, 1860, 1861, 1862, 1874).
The two artists employed by Steven’s were John Mix Stanley
and Gustav Sohan. Excerpts from their private journals were published by Pipes (1932) and Nicandri (1986). Additional drawings
and letters by George Gibbs were published by Bushnell (1939)
and Carstonsen (1953). Coan (1981) published Captain George
McClellan’s journal. Goetzman (1959) provided additional information about the Pacific Railroad Surveys, particularly about the
scientific savants.
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After the Pacific Railroad Surveys were completed, Suckley,
Cooper, and Gibbs became a “respectable far-western scientific triumphumverate” (Goetzman 1959). Cooper and Suckley, who were
United States Army physicians stationed at Fort Vancouver and
Fort Steilicoom respectively, collaborated to produce a treatise The
Natural History of Washington Territory and Oregon (Cooper and
Suckley 1859).
Fish collected during the various Pacific Railroad Surveys were
pickled in alcohol or as dried skins and sent to the United States
National Museum at the Smithsonian Institute in Washington D.C.
Steven’s directive concerning spirits used for preserving specimens stated,
“All the alcohol used should be supplied with tartar
emetic. This besides adding to its preservative powers, will
remove any temptation … [to] it being surreptitiously
drunk … by unscrupulous persons.”
Other vertebrate specimens collected from the surveys were
also sent to the United States National Museum, where four monographs on mammals, birds, reptiles and amphibians, and fish were
prepared under the supervision of Curator Spencer F. Baird, who
would later become the first director of the United States Fish
Commission. Baird wrote the first three monographs himself
while his colleague, Charles Girard, did the report on fishes. The
fish from the surveys were analyzed by Girard and Theodore Gill
and published in a series of primary articles on individual families of fishes in Proceedings of the Philadelphia Academy of Natural
Science (Girard 1854, 1856a, 1856b, 1856c, 1856d, 1858b; Gill 1862).
Girard compiled these individual family accounts into a monograph that was published in Volume 10 of the Pacific Railroad
Surveys (Girard 1858a). Suckley also completed a monograph on
fishes primarily from the Columbia River and Puget Sound, which
was published in Volume 12 of the Pacific Railroad Survey Reports
(Suckely 1860). Work on salmonids was accomplished by Girard
(1856b, 1858b) and Suckley (1860, 1861, 1862, 1874).
Suckley became the first guru of Pacific salmonid taxonomy
and biology. In 1874, he published a comprehensive article on
North American salmon and trouts (Suckley 1874). In taxonomic
circles, he was a “splitter” rather than a “lumper,” i.e., a person
who tended to describe variants of the same species as distinct
species. In particular, Suckley apparently had difficulty in recognizing different development stages of salmon and life history
variations in trout, so he designated these variants as distinctive
species. An example of this problem was that Suckley called both
the silver and red colored forms of sockeye salmon by different
scientific names. Also, Suckley was apparently not very familiar
with earlier taxonomic work, in particular Richardson’s work, on
salmonids because he had a tendency to give his own scientific
name to species that had been previously identified by earlier naturalists. Because their names had already been added to the taxonomic roll of identified fishes, their names took precedence over
Suckley’s. As a result Suckley names have undergone extensive
revision. Alfred Günther (Biological Sketch, page 133), curator
of fishes at the British Museum of National History, thought that
Suckley was at best a rank amateur who had no business classifying fishes. Günther’s assessment was unduly harsh because many
of the taxonomists following Suckley, notably Günther himself and
David Starr Jordan, whom many consider to be the father of North
American Ichthyology, had similar problems with salmonid tax102

onomy. However, of all of the salmonids Suckley described only a
single species the bull trout, Salvelinus confluentis, still bears the
name he gave it. In the individual species accounts in this book, I
have included a list of synonyms that relate Suckley’s names and
the names used by taxonomists who worked before and after him,
to the current name of each species.
George Gibbs (1815–1873) was the other key figure during the
Pacific Railroad Surveys. Gibbs graduated from Harvard Law
School in 1838 (Bushnell 1939). However, the profession did not appeal to him and he began to develop an interest in history, anthropology, linguistics, and geology. In 1848, he moved to Oregon and
began a career working as an Indian agent for the United States
Commission for Indian Affairs. After he was detached to participate in the Pacific Railroad Surveys in 1853 and 1854, he wrote extensively on the Indian tribes (Gibbs 1855a, 1867, 1877) and geology
(Gibbs 1869) of Washington Territory. Cooper, Gibbs and Suckley
later participated in the Northwest Boundary Survey from 1860 to
1862 and published reports of their findings (Gibbs 1869; Suckley
1861, 1862). [Details of the boundary survey are presented below.]
Stevens’ treaties with the Indians placed them on reservations
but permitted them to fish at “usual and accustomed places in
common with citizens of the territory.” This language entitled the
Indians to one-half the harvestable surplus of Pacific salmon and
steelhead trout. In 1974, as the result of a court case [United States
v. Washington, 384F. Supp 312 (W. D. Wash. 1974)], Federal Judge
George Boldt, in United States District Court, looked at the minutes of the treaty negotiations and determined that the treaty language intended for there to be an equal sharing between the tribes
and settlers. Judge Boldt wrote
“By dictionary definition and as intended and used
in the Indian Treaties and in this decision ‘in common
with’ means sharing equally the opportunity to take fish
… therefore, non treaty fishermen [i.e., non Indian commercial and sport fishermen] shall have the opportunity
to take up to 50% of the harvestable numbers of fish … and
treaty right fishermen [i.e., tribal subsistence and commercial fishermen] shall have the opportunity to take the
same percentage.”
This became known as the “Boldt Decision.”

MULLAN TRAIL (MILITARY WAGON ROAD)
Captain John Mullan, (Figure 3.10) who had served as a topographical engineer for the North Pacific Railroad Surveys (1853–1855),
was authorized to construct a military wagon road from Fort Walla
Walla (Washington) to Fort Benton (Montana) in 1858. His prospective route was through the Spokane and Coeur d’Alene country. At the onset, his activities were interrupted when war broke out
between the Unites States Army and an alliance of Tribes (Spokane,
Coeur d’Alene, Cayuse, Yakima, Kalispel). Mullan joined in the
campaign led by Colonel George Wright to “subdue the hostiles
and restore the peace,” which was quickly accomplished (Mullan
1859a, 1859b, 1859c). On 15 May, 1859, Mullan began construction of
his road, which was completed by 1862 (Mullan 1863 / 1994).
Mullan’s crew was composed of several military personnel,
topographical engineers Theodore Kolecki and P. M. Engle, civil
engineer W. W. Johnson and Guide / Interpreter / Artist Gustavus
Sohan, all of whom recorded notes on Indian fisheries of the
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Spokane Basin that were included in Mullan’s (1863) report to
Congress. Mullan also published a miners and travelers guide to
the region (Mullan 1865). Johnson (quoted in Mullan 1860) noted
that the Spokane Indians lived principally by fishing and cultivating small patches of land. Kolecki reconnoitered the Spokane River
from its origin at the outlet of Coeur d’Alene Lake to the confluence of the Little Spokane in June and July of 1860. He noted a fishery at the junction of the two rivers, “an establishment of the greatest importance to the Indians, as the great quantity of salmon caught
there with but little trouble forms the principle portion of their food.”
Engle noted that the Indians had harvested “fall salmon” at that
site in October of 1859.

Figure 3.10

tered at the Hudson Bay Company trading post (also called Fort
Colville) near Kettle Falls.
Relations between the two teams were cordial. When the
British visited the American Garrison on 5 August, 1860, they were
treated to,
“All the luxuries of the country, buffalo tongues, prairie
chicken, grouse, etc. with any amount of champagne of
the vilest description; we were honored by the presence of
two ladies, the wives of two of the officers, who appeared
at table in all the gorgeous array of crinoline and low
dresses, enough to frighten a man out of his senses in such
a remote region as this; we had a very pleasant dinner….”
(C. W. Wilson 1860 in Stanley 1966).
Not to be outdone, in February 1861, the British reciprocated
by inviting the Americans to a grand ball hosted by the Hudson’s
Bay Company. C. W. Wilson (1860 in Stanley 1966) wrote, “we had
a great spread of beef and plum pudding and broached a small keg
of port wine.” Besides the British and American surveying parties,
Hudson’s Bay trappers and Indians from various tribes were invited
to the shebang. The event was colorful and frisky, with American,
British, Scot, French Canadian, and Indian accents filling the ballroom with vibrant chatter. Wilson (1860 in Stanley 1966) stated,

Capt. John Mullan, United States Army

“The great difficulty was in conversing amongst so many
outlandish tongues. I concocted one sentence, however,
which I found very effectual being in English ‘May I have
the pleasure of dancing with you?’ compiled from three
languages, Indian, English and French…. I must say the
ladies are untiring, they could have gone on for another
12 hours.”

NORTHWEST BOUNDARY SURVEY
(1857–1861)
In 1846, the United States and Great Britain negotiated a treaty that
established the border between the United States and Canada. The
treaty was ratified by both the United States Congress and British
Parliament effective 5 August, 1846. One of the articles of the treaty
established a joint commission to survey the Northwest boundary and conduct natural history surveys in the region. The surveys
were conducted between 1857 and 1861.
The American contingent was composed of the Honorable
George Campbell (Chief Commissioner), Lt. John G. Parke (U. S.
Army Corps of Engineers, topographer and surveyor), Dr. James
B. Cooper, Dr. C. B. R. Kennerly and Joseph B. Harris (Naturalists),
and George Gibbs (Geologist and Ethnographer). The American
team was headquartered at Fort Colville, a newly constructed
Army post near present day Colville, Washington. Fish specimens
collected by the naturalists were sent to the U. S. National Museum
where they were curated by George Suckley and Theodore
Nicholas Gill (1837–1914). Gill was perhaps, the best of the early
North American fish taxonomists. His ichthyological contributions covered six decades (1853–1912). Although not a field biologist himself, he was a museum specialist endowed with insight on
classifying orders and families of fishes (Hubbs 1964). His system
of classification was used by David Starr Jordan and certain elements still form the basis of modern fish classification.
The British representatives of the Northwest Boundary
Survey included: Captain Jack Hawkins (Royal Engineers, Chief
Commissioner), Captain Robert Haig and C. J. Darrah (Royal
Navy, Topographers and Surveyors), J. K. Lord, Dr. David Lyall
(Naturalists), Dr. Hilary Bauerman (geologist) and Lt. Charles W.
Wilson (Scribe and historian). The British team was headquar-

Boisterous French Canadian boat songs, Scottish and American
ballads, and Indian chants were sung. Jubilant party-goers tripped
the light fantastic to lilting waltzes, Scotch jigs, French cotillion,
Acadian reels, and Indian dances until 4:00 am.
Although surveying parties for both teams focused their attention on a narrow corridor surrounding the boundary line, the
naturalists wandered farther afield, collecting data over the entire
Columbia Plateau between the Fraser and Snake Rivers. The Civil
War interrupted the analysis and publication of the scientific reports of the American contingent. In fact, no formal final report
of the commission of the United States Congress was completed.
Parke (1859) dispatched a short progress report from the field to
the United States Congress on 12 November, 1859 which was published in the Congressional Record. This was the only official report issued until 1869 when Commissioner Campbell sent a four
page letter to Congress that summarized the survey (Campbell
1869). In that same year George Gibbs published a report on the
physical geography data in the American Geological Society
Journal (Gibbs 1869). After the boundary survey was completed
Gibbs was engaged by the Smithsonian Institute to analyze the
linguistic information collected from the Northwest Tribes. This
work was unfinished at the time of his death in 1873. However,
Gibbs did publish two reports on the Northwest Tribes (Gibbs 1867,
1877). The posthumous report contained a partial synopsis of his
linguistic analysis. Gibbs reports also contain numerous references
to Indian fishing. For example, he noted that Kettle Falls was one
of the most important fisheries on the river, with “salmon drying
sheds and scaffolds on a corresponding scale” (Gibbs 1878). In an-
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other instance, he reported that the Spokane River was “well suited
to the pursuits of the Indians as it supplied them with many salmon.”
Most of the fishes collected during the boundary survey were
obtained by C. B. R. Kennerly. Among other species, Kennerly
collected the first specimens of the land-locked subspecies of the
sockeye salmon or “little redfish,” now called “kokanee” or “silver
trout” from Christina Lake, tributary of the Kettle River, British
Columbia. For many years the common name for kokanee
was “Kennerly’s salmon” and he was bestowed the honor of attaching his Latinized name to distinguish the land-locked form
(Oncorhynchus nerka kennerlyi) from the anadromous counterpart
(Oncorhynchus nerka nerka) in formal scientific nomenclature.
After Kennerly’s untimely death shortly after the field work was
completed, the fish collected from surveys were turned over to Drs.
George Suckley and Theodore Gill who respectively prepared reports on the Salmonidae (Gill 1862, Suckley 1861, 1862, 1874) and
other native fishes.
In his paper, Suckley (1862) wrote,
“Owing to the unfortunate death of Dr. Kennerly on his
return from a three-year exploration, the preparation of
a report on certain of the material collected by him was
assigned to me. In the course of this undertaking I have
prepared a synopsis of the species of American salmon and
trout, to appear in the final report of the Commissioner. It
has been thought best to issue in advance brief descriptions to the species hitherto unnamed.”
Suckley later, in 1874, published a report on salmon and trout
for the United States Fish Commission (Suckley 1874), which was
likely a revision of the report he alluded to in his 1862 paper.
Dr. Theodore Gill had also prepared a lengthy report on the
non-salmonid fishes (Baker 1900). The report was submitted to the
State Department in 1869 in manuscript form but was never published because the Secretary of State deemed that printing it would
be too expensive (Baker 1900). The manuscript was subsequently
lost by the State Department (Baker 1900). David Starr Jordan was
familiar with Gill’s work and later used some of it to prepare his
own papers on various groups of fishes.
Marcus Baker (1900) later prepared a concise history of the
American boundary survey. Summaries were also prepared by
Deutsch (1960a, 1962) and Stanley (1966). The British records
and a joint report of the boundary survey signed jointly by
Commissioners Hawkins and Campbell were lost promptly upon
the return of the English contingent to London. In 1898, they were
relocated at the Royal Observatory in Greenwich. The report was
finally published by the Canadian Government in 1899 (Stanley
1966), but I have been unable to obtain a copy. Bauerman (1884)
published a report on geological data.
The two most prominent members of the British team, with respect to recording information about the Upper Columbia drainage were Wilson and Lord. Lieutenant Charles W. Wilson, Royal
Navy, kept a travelogue journal of letters sent to his sister that described the topography and fisheries of the region. These journals
were compiled by Joel B. Ferris of Spokane, Washington in manuscript form at the Eastern Washington Historical Society (Ferris
MS) and later published by Stanley (1966), along with a history
of the British boundary survey. Wilson’s journal contains many
interesting accounts about eastern Washington fisheries and also
some harrowing accounts regarding rattlesnakes. He noted that
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the Indians obtained great quantities of salmon from the Spokane
River and at Kettle Falls where they gathered to lay up their winter
stock (Stanley 1966). At Spokane Falls, Wilson observed Indians
fishing with basket traps, similar to those used at Kettle Falls
(Stanley 1966).
Naturalist J. K. Lord published two books, the first (published
in two volumes) mostly scientific observation of the fauna and
flora he encountered (Lord 1866) and the second a travelogue that
chronicled his experiences (Lord 1867). The first book contained
his classic description of the mating behavior of the three-spined
stickleback, a species where the male constructs a spawning hut
of sticks and organic debris, then leads the female to the entrance
in a curious zigzag dance. Additionally, he provided details about
numerous other native species, particularly salmonids. The fish
he collected were sent to a professional taxonomist, A. Günther,
at the British Museum of Natural History. Between 1859 and 1870,
Günther compiled a catalog of all the fish specimens contained in
the collection at the British Museum that had been collected by
British Naturalists from around the world. By the time this monumental work was completed, it encompassed eight volumes and
4,076 pages (Günther 1859, 1860, 1861a, 1861b, 1864, 1866, 1868,
1868). Lord’s (1866) publication contains an appendix listing the
fish specimens identified by Günther, along with their descriptions
and taxonomic notes.

BRITISH NORTH AMERICAN EXPLORING
EXPEDITION (PALLISER EXPEDITION)
(1858–1859)
While the Boundary Survey was being made, the British Royal
Geographic Society sponsored a second expedition to locate railroad routes through the Northern Rockies. The survey, called the
British North American Exploring Expedition, was under the
direction of Captain John Palliser and is often shortened to the
Palliser Expedition. Palliser was accompanied by the usual cadre
of scientists, most prominent among them were James Hector,
MD (surgeon and naturalist) and Lieutenant Thomas Blakiston
(Cadastral Surveyor) and W. S. Vaux (ethnographer and linguist).
Most of Palliser’s survey was conducted in Canada. However,
both Hector and Blakiston spent time in eastern Washington.
Spry (1968) compiled an annotated list of reports and papers prepared by Palliser and his scientific corps arising from the Palliser
Expedition. None of these contain specific information about fisheries in eastern Washington but one of the reports by Hector is
interesting because it describes how in September 1859 he found
thousands of dead post-spawning salmon on the banks of the
Columbia between Boat Encampment (RKM 1,717) and its head
water lakes (Windermere and Columbia lakes, RKM 2,010).

UNITED STATES FISH COMMISSION AND
OTHER U. S. FISHERIES AGENCIES
In 1870, several senators and representatives in Washington, DC,
began receiving complaints from their constituents about the declines in stocks of commercially valuable food-fishes and sport
fishes along the Eastern Seaboard and in the Great Lakes. As a result, the United States Fish Commission was established by an Act
of Congress in 1871 and authorized to:
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1.

Conduct surveys to determine the distribution and
status of fishes inhabiting the waters of the United
States. Fishes collected in the surveys were to be sent
to the U. S. National Museum for identification and
systematic study. (This mission was later expanded to
examine waters outside the jurisdictional control of
the United States).

2.

Determine productivity of lakes and rivers for raising
fish by examining their limnological characteristics.
Conduct investigations to determine factors that
were contributing to the decline of fish stocks such as
water pollution and over-harvest;

3.

Reverse the downward trend by the artificial
propagation and introduction of “useful food-fishes”
throughout the nation.

west of Omaha, Nebraska on 8 June, 1873, a trestle over the Elkhorn
River suddenly collapsed. The engine and several cars including
the fish car, with Stone and his crew on board, plummeted into the
river. One Union Pacific employee was killed and the remaining
crew and passengers narrowly escaped with their lives. Stone described the harrowing ordeal to a reporter for the Omaha Herald
(June 10,1873 edition).

The agency was called the United States Fish Commission
(USFC) 1871–1903, United States Bureau of Fisheries (USBF) (1903–
1939) in the Department of Commerce, and the United States Fish
and Wildlife Service (USFWS) (1940–1956) in the Department of
Interior. In 1956, the Bureau of Sportfish and Wildlife and Bureau
of Commercial Fisheries were established within the USFWS to
focus respectively on sport and commercial fishes. In 1960, the
Bureau of Commercial Fisheries was transferred back to the
Department of Commerce, and in 1970, was renamed the National
Marine Fisheries Service (NMFS). NMFS was transferred from the
Bureau of Commerce to the newly created National Oceanic and
Atmospheric Administration (1970–2003). In 2003, the NMFS was
renamed NOAA Fisheries. Throughout this period (1960–2010) the
USFWS has remained in the Department of Interior.

Figure 3.11

Stone related:
“After leaving Omaha, we stowed away … the immense
amount of ice we had on the car; and, having regulated
the temperature of all the tanks, and aerated the water …
we made our tea and were sitting down to dinner, when
suddenly there came a terrible crash and tanks, ice, and
everything in the car seemed to strike us in every direction. We were, every one of us, at once wedged in by the
heavy weights upon us, so that we could not move or stir. A
moment after, the car began to fill rapidly with water, the
heavy weight began to loosen, and, in some unaccountable
way, we were washed out into the river. Swimming around
our car, we climbed up on one end of it, which was still
out of water, and looked around to see where we were. We
found our car detached from the train and nearly all underwater, both couplings having parted. The tender was out of
sight and the upper end of our car resting on it. The engine
was three-fourths underwater, and one man in the engine
cab crushed to death. Two men were floating down the swift
current in drowning condition and the balance of the train
still stood on the track, with the foreword car within a few
inches of the water’s edge … one look was sufficient to show
that the contents of the aquarium car were a total loss.”

Livingston Stone (1836–1912)
Livingston Stone (Figure 3.11) was a pioneer fish culturist who
graduated from Harvard University in 1857, then was ordained a
Unitarian minister. In 1866, he resigned his clerical duties and began a career in fish culture. In 1870, Stone founded the American
Fisheries Society and became its first secretary. In 1872, Stone began
working for the United States Fish Commission, where he served
as Deputy Commissioner for the Pacific Coast from 1872–1898, and
as the Senior Fish Culturist of the commission from 1898–1903. In
1872, he was assigned to construct the first federal hatchery (Baird
Station) on the Sacramento River, California. In October 1872, the
first Chinook salmon eggs (30,000) were shipped from California
to the east coast. All but 7,000 died in transit. Only about 200–300
hatched and were planted in the Susquehanna River, Pennsylvania.
No adults were subsequently collected from this plant.
In 1873, Stone was assigned the task of transporting about
300,000 nonindigenous fish from the east coast to California in a
specially designed aquarium railway car. He left Charleston, New
Hampshire on June 3rd with 190,000 American shad fry, 100,000
American eel elvers, 1,000 tautog, 60 catfish, 60 adult black bass,
60 yellow perch, 50 yearling perches, 50 breeding American eels,
40 lobsters, 20 striped bass, 12 hornpouts (i.e. bullheads), 12 glasseyed (walleye?) pike, and one barrel of oysters.
Stone transported his charges in an aquarium car, outfitted for
transcontinental shipment of fishes. While the steam locomotive
pulling the fish car was barreling along the Union Pacific track

Livingston Stone, United States Fish Commission.

Stone immediately returned to the Hudson River, picked up
35,000 shad, transported them across the country to California
and on 2 July, 1873 released them into the Sacramento River. Shad
plants continued for several years and shad became well established of the Pacific Coast. Stray shad colonized many rivers, including the Columbia.
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By 1881, stocks of Columbia River salmon were already being
over harvested by the commercial fishery that had developed between the mouth and Celilo Falls. Because the commercial fishery
had depleted the stocks returning to the upper Columbia Basin
first, Livingston Stone was assigned the task of exploring the upper Columbia Basin for the purpose of recommending a site for
a salmon hatchery. He traveled by rail from western Montana
to Newport, Washington noting that salmon were absent in the
Clark Fork and Pend Oreille Rivers. He explored the region about
Spokane, noting that considerable numbers of salmon and steelhead ascended the Little Spokane River and that probably a sufficient number of eggs could be obtained to start a hatchery. He
then took the train to Walla Walla, noting salmon had formerly
ascended the Walla Walla in large numbers but no longer did so.

USFC / USBF SURVEYS (1875–1908)
Spencer Fullerton Baird (see biographical sketch, page 118) was appointed as the first director of the Fish Commission. In 1875, Baird
sent Livingston Stone to investigate the salmon fisheries of the Pacific
Northwest (Stone 1878). His report provided useful information about
the nomenclature of salmon and trout but was focused on Puget
Sound, the Washington, Oregon and Northern California coasts, the
Sacramento River and lower Columbia River (below Celilo Falls). By
1882, the Fish Commission had received reports that Columbia River
salmon were being over harvested, especially the large (11–36 kg) chinook salmon that migrated long distances upriver.
The big chinook homed to natal spawning sites in the upper Columbia mainstem between the confluence of the Spokane
River and Kettle Falls and to large tributaries such as the Yakima,
Wenatchee, Methow, San Poil, Spokane, Kettle and Pend Oreille
Rivers. These chinook were favorite targets of the commercial fisherman who intercepted them in the lower river near Celilo Falls.
The abundance of adult fish in their natal tributaries was being noticeably reduced. Hence, in the summer of 1883, Baird sent Stone
to the upper Columbia Basin to: (1) ascertain the locations where
salmon spawned, and (2) determine a suitable location for a hatching station (based on the supply of pure water and the likelihood of
obtaining sufficient eggs). The intent was to augment adult runs so
that more fish would escape fishermen’s nets and spawn.
Stone began his investigation along Montana’s Clark Fork
River, proceeded to Pend Oreille Lake, to Albeni Falls on the Pend
Oreille River, to Spokane Falls (along the Little Spokane River), to
Walla Walla, and thence down the Columbia to the Ocean. Stone
published his findings in three reports (Stone 1883, 1884, 1885). He
determined that some salmon and / or steelhead trout ascended
the Pend Oreille River as far as Albeni Falls (RKM 145), but probably not a very high proportion was able to migrate past Metalline
Falls (RKM 55) (Stone 1884).
At Spokane, Stone learned that Indians were fishing for salmon
on the Little Spokane. Stone (1885) reported,
“On driving over to the Little Spokane we found a large
group of Indians there, several of whom were industriously
engaged in putting a salmon trap across the river. These
traps consist of a dam of poles firmly bound together by
withes and extending entirely across the river, with holes or
traps at intervals into which the salmon can enter, but from
which they cannot return. Having brought an interpreter
with us we soon learned that great numbers of salmon
106

came up to the mouth of the Little Spokane about the 1st
of September … possibly enough to warrant establishing a
hatching station at the mouth of the Little Spokane.”
Stone hired a local man, L. C. Gilliam of Spokane Falls, to monitor the Indians catch in September of 1883. He informed Stone that
a settler told him that in October 1882, the Indians had 40,000–
50,000 drying at one time (Stone 1883), but the total count in 1883
was only 2,000–4,000 (Stone 1885). Stone calculated that even with
this reduced number of fish, 5–10 million eggs could be collected
(Stone 1884, 1885).
At Walla Walla, Stone (1885) was told that large numbers of
salmon had formerly run up the Walla Walla River during spring
freshets but remained unconvinced that enough eggs to warrant a
hatchery could be collected there. The Fish Commission failed to
act upon Stone’s findings. A hatchery was not constructed at the
Little Spokane until after it was too late to save the salmon.
Later surveys performed in the Pacific Northwest by the
U. S. Fish Commission between 1891 and 1908, involved North
America’s pre-eminent Ichthyologist David Starr Jordan (see biographical sketch, page 139) at the University of Indiana and, later,
Stanford University, California. Because Congress did not appropriate enough money for the Fish Commission to hire many permanent staff positions, Baird hired Jordan and his colleagues (often Jordan’s students) to collect fishes throughout the United States
during their summer vacations. The most prominent of Jordan’s
students to collect in the interior of the Northwest were Barton W.
Evermann, Charles H. Gilbert, John O. Snyder, Carl H. Eigenmann
and Rosa Smith (who later became Mrs. Eigenmann).
Fish Commission Surveys were made in the upper Columbia
Basin between 1891 and 1896. Evermann (1893) and Jordan (1893)
surveyed western Montana and northwestern Wyoming in 1891.
Evermann (1895, 1896, 1897) explored the Snake River Basin, Idaho
between 1894 and 1896. Evermann and Meek (1897) surveyed the
Snake Basin in Idaho and Washington in 1896. Evermann (1899)
surveyed Lake Chelan in 1890 and published a synoptic list of fishes
collected there. J. O. Snyder (1909) surveyed Diamond Lake in the
Little Spokane Basin in 1908 and collected a rare pygmy whitefish.
During this period, Evermann collaborated with Hugh M. Smith
to write a treatise on the whitefish of North America, which contains information relevant to fish collections in eastern Washington
(Evermann and Smith 1896) and Barton A. Bean (1892) collected
breeding mountain whitefish in the Spokane River below the falls
and in the Little Spokane River. Evermann and John Treadwell
Nichols (1909) surveyed Crab Creek in Lincoln County, Washington
and discovered it filled with trout. Evermann and Goldsborough
(1909) developed a checklist of fishes in Canada, including those
from the upper Columbia Basin. Eigenmann (1892, 1894, 1895) and
Eigenmann and Eigenmann (1891, 1892, 1893) had conducted fish
surveys in British Columbia and Alberta, and portions of southern Idaho, northeastern Oregon and southwestern Washington
from 1892–1894. They discovered several species new to science.
Previously in 1883, Rosa Smith had described and named the torrent sculpin collected at Spokane Falls, Washington Territory.
Undoubtedly the most important survey of eastern Washington
was conducted in 1892 and 1893 and published by Gilbert and
Evermann (1895). Gilbert was widely regarded as the leading authority on the life history and behavior of Pacific salmon. In about
1890, it was discovered that bony growth rings laid down on the
scales of fish left distinct annular marks and could be used to age
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fish, similar to how the growth rings of a tree can be used to date it.
Gilbert was the first to apply this technique to Pacific salmon. His
studies allowed him to determine the age at which various species
migrated to saltwater and their relative residence times in fresh
versus saltwater. Furthermore, he noticed that stocks of salmon
had distinctive patterns of bone markings on their scales that enabled him to determine which river they came from.
Gilbert’s studies established the “parent stream theory,” which
stated that, after spending several years in the ocean, Pacific salmon
return to the particular stream in which they originated. Although
the famous Swiss Encyclopedic Naturalist (and inventor of the pencil) Konrad Gessner (1516–1565) had proved salmon homing in 1558
by tying different colored ribbons to the tails of Atlantic salmon
smolts in different tributaries of the Rhine River and recovering
the spawning adults in the same tributary where it was originally
marked, this work had largely been forgotten. Gilbert’s findings
re-energized investigations into salmon homing. Subsequently,
after the Fish Commission had became the United States Bureau
of Fisheries in 1903, the Bureau began conducting extensive marking experiments similar to those done by Gessner. Their studies
showed that salmon exhibited remarkable fidelity to their parent
stream. Later studies performed by the Bureau showed that when
juvenile salmon were transplanted from their home tributary to a
different one prior to the smolt stage, they usually returned to the
river of release rather than the original parent stream. In some instances, salmon that resided in the recipient stream for as little as
two days still returned to spawn in it instead of the donor stream.
Thus, homing in salmon was not instinctive (i.e., not related to a
genetically programmed memory). Instead, homing appeared to be
connected to a process whereby salmon rapidly learned the cue (or
cues) that identified the stream they were in during the smolt stage.
Later is was shown that this cue was the peculiar odor characteristics of the stream. They permanently retained this odor memory
until they returned as adults to the same tributary. Rapidly learned,
permanent memories are termed “imprinting.” This set the stage
for my own work, conducted with Arthur D. Hasler (1908–2001)
and a number of other collaborators, on olfactory imprinting and
homing in salmon, which is described in more detail in the biographical sketch of A. D. Hasler (page 134).
Gilbert and Evermann led the team of biologists that conducted the first relatively thorough ichthyological exploration of
the Columbia Basin in 1892 and 1893. In 1892, preliminary surveys
were conducted in the Pend Oreille, Spokane and upper Columbia
River Basins in Idaho, Montana and Washington by Dr. Charles E.
Gorham, Barton A. Bean and A. J. Woolman. The Little Spokane
River and Latah (Hangman) Creek (Spokane River Basin) were
also examined. Bean (1895) published descriptions of mountain
whitefish breeding in the Spokane River.
In 1893, the team assembled near Pocatello, Idaho. Gilbert, accompanied by W. W. Thoburn, and Cloudsley Rutter, students at
Stanford, proceeded down the Snake River, surveying the mainstem and its tributaries. At Lewiston, Idaho they traveled north
to Spokane, Washington, examining Pataha (i.e., Tucannon) River
(near Starbuck, Washington) and the Palouse River (at Colfax,
Washington), Latah (Hangman) Creek (at Tekoa, Washington),
Coeur d’Alene Lake and Coeur d’Alene River (at Wardner, Idaho)
along the way. Meanwhile, Evermann and Oliver P. Jenkins, also a
Stanford student, proceeded up the Snake River to its headwaters.
They then followed the Clark Fork / Pend Oreille River from its

origin in Montana to the international boundary in Washington.
They examined the Columbia and Colville rivers near Kettle Falls,
and then traveled to Spokane to examine the Spokane and Little
Spokane Rivers.
After their rendezvous in Spokane, Washington, Evermann returned east, and Gilbert and his students continued the exploration.
Gilbert and Jenkins traveled to Yakima and investigated the Yakima
and Naches Rivers, then proceeded to Vancouver, Washington to
examine the Cowlitz, Toutle, Newaukum and Skookumchuck Rivers.
Thoburn and Rutter traveled to Walla Walla, where they investigated
the Walla Walla River and Mill Creek, then proceeded down the
Columbia to examine the Umatilla and Deschutes Rivers, Oregon.
The principle findings reported by Gilbert and Evermann (1895)
relating to eastern Washington were:

A. T. Scholz

1.

Abundance of anadromous salmon in the Yakima,
Spokane, and upper Columbia Rivers had declined
to low levels in comparison to former years. They
placed the blame for this squarely on the commercial fishery being prosecuted in the lower mainstem,
which intercepted the fish before they could reach
their upstream spawning grounds. Although habitat
destruction caused by mining and irrigation had
contributed to the loss it was,
“nevertheless certain that the decrease in the numbers of salmon, due to the ill regulated fishing in the
lower Columbia, has so far outstripped the decrease
in area of spawning-beds that the latter are more than
ample for all the fish that appear.”

2.

On the Pend Oreille River, none of the falls (at the
mouth, Metalline Falls, or Albeni Falls) appeared
to interfere with fish passage. Albeni Falls at the
Washington / Idaho border was described as “scarcely
more than pretty steep rapids and would not interfere at all with the ascent of salmon.” (Gilbert and
Evermann 1894) Gorham also described Albeni Falls:
“The falls are double, being situated on each side of
an island. They have a rapid but not vertical descent
of between 2.4 to 3 meters. They are much broken, and
at the time they were visited [September 1892] had a
good volume of water passing over them… trout pass
freely up the falls and they would present no obstacle to
salmon.” (Rathbun 1895).
Nevertheless, the upstream migration of salmon
and steelhead in the Pend Oreille River appeared to be
confined to just above the junction of the Salmo River
in British Columbia. Above this point, approximately
the international boundary line, the most serious obstruction appeared to be the Big Eddy (or Z) canyon,
located a short distance below Metalline Falls, which
was three miles long and so narrow that “a fallen
tree lies across [the gorge] from one wall to the other”
(Gilbert and Evermann 1895). Gilbert and Evermann
also noted that, “the river rushes through this canyon
with great fury” and speculated that it might act as a
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“The steelhead is an abundant fish… especially about
Spokane. Several fine examples of this fish were taken by
Mr. B. A. Bean in September 1892, near Spokane.”

velocity barrier to the ascent of salmon. Gilbert and
Evermann described the Pend Oreille River as
“one of the most beautiful and picturesque in
America…. The water is clear and pure and cold – an
ideal trout stream…. Trout [i.e. cutthroat trout] are
abundant in this river; salmon trout [i.e., bull trout]
are also quite abundant, and both bite readily. We know
of no stream which offers finer opportunities for sport
with rod than the lower Pend Oreille.”
The salmon-trout described here were bull trout.
Later in their report Gilbert and Evermann (1895: 201)
stated that these fish were charr and that salmon-trout
were synonymous with bull trout. The bulltrout were
said to be

Additionally, Bean (1895) recorded,
“In the Spokane River at the city of Spokane large
numbers of adult whitefish could be seen from the city
bridges. Torrent sculpins, redside shiner, northern pikeminnow, and speckled dace were also collected in the
Spokane River.”
6.

“very clear and cold… the temperature at
2 p.m. on August 18th was 63°F…. The immediate banks are for the most part covered with a
network of brushes….Cottonwoods, maples
and alders are common along the banks.”

“Abundant in the Pend Oreille River. At La Claires
[i.e. the mouth of Le Clerc Creek] we saw in the possession of an Indian several fine specimens, the largest
of which was 26 inches long, 11 inches in greatest circumference, and weighed 5 pounds, 1 ounce.”

The stream bottom was gravelly. Fishes were
“rather abundant, some 8 or 10 species being obtained. The Little Spokane is an excellent salmon and trout stream as is fully
evidenced by the great abundance of salmonid fishes which we found. The cutthroat
trout was abundant as were young whitefish.”

Jordan and Evermann (1908) wrote,
“It has been our pleasure to fish for the Dolly Varden
[i.e., bull trout] in many different waters, among which
we recall with particular fondness the Pend Oreille
River from the Great Northern Railroad [i.e., Newport,
Washington] to the international boundary….”

[Note: The cutthroat trout described here were
undoubtedly the redband variety of rainbow
trout based on the description of morphometric and meristic characters presented later
(on pp. 200–201) in Gilbert and Evermann’s
(1895) report.]

Northern pikeminnow and peamouth were also
observed to be “very abundant” in the Pend Oreille
River below Newport, Washington.
3.

The Palouse River at Colfax, Washington had a water
temperature of 23.3 °C on 17 August, 1893. The river
was low, reduced to pools and no fish were found.
Palouse Falls was a barrier falls to anadromous fish.

4.

Pataha (i.e., Tucannon) River at Starbuck,
Washington was “well supplied with all the common
fishes of the region.” Juvenile chinook salmon were
“taken in abundance.” Juvenile steelhead / rainbow
were also collected but not bull trout.

5.

In the Spokane River, salmon ascended as far as
Spokane Falls, which was a migration barrier. Formerly
(before 1892) abundant below the falls, salmon
“are now seldom seen farther up than the mouth of
the Little Spokane [River]…. The water is clear, cold
and pure. The only contamination is that from the city
of Spokane, and that does not appear to be all serious
as yet. An abundance of fish food, such as insects and
their larvae, small mollusks, and crawfish, was noticed
in this river.”
Gilbert and Evermann (1895) also noted,
“The Spokane River, below the falls, was formerly an
important salmon stream containing large spawning
beds. Salmon are rarely seen there now. The steelhead
still occurs in considerable numbers in the Spokane,” and
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The Little Spokane River was

Gilbert and Evermann continued,
“Large [mountain] whitefish (Coregoneus williamsoni) were seen at the dam at [Dart’s Mill],
where Indians were spearing them with fair success. Salmon are said to enter the Little Spokane
in considerable numbers even yet, but much less
abundant than formerly…. It should be added
that the character of this stream is being materially changed by the advent of civilization…. The
cutting away of timber and brush on the immediate banks and the cultivation of land within
the drainage area of the streams have greatly increased the surface erosion and, in consequence,
the impurities in the stream.”
Bean (1895) reported that “whitefish were very abundant in the Little Spokane; large numbers were observed.”
7.

Latah (Hangman) Creek, tributary of the Spokane
River was described as “a small, rather filthy stream,
not suitable for trout or other food-fishes, but well
supplied with minnows and suckers of several species.”
[Note: Latah Creek had formerly been a salmon
spawning stream. In 1883 Capt. Charles Bendire
collected a chinook salmon in Latah Creek, Idaho,

Fishes of Eastern Washington: A Natural History

The Discoverers

and placed it in the U. S. National Museum (USNM
#35270). However, by 1893, Latah Creek had been
degraded by farming activities that caused stream
bank erosion of its rich Palouse soils.]
8.

9.

Lake trout still persist in Loon and Deer Lakes, and eventually
took hold in Priest and Pend Oreille Lakes because they are now considered an undesirable, non-indigenous, nuisance species that is incompatible with the recovery of indigenous bull trout, Salvelinus confluentus. They failed to become established in either Sullivan Lake or
Lake Coeur d’Alene. Badger Lake was first treated with the piscicide
rotene in 1951 and not restocked with lake trout. No lake trout were
reported killed in the first rotene treatment so that plant too ultimately failed at some point between 1920 and 1951. Kemmerer et al.
(1923) noted that many lakes in eastern Washington (e.g. Deer, Loon,
Liberty, Newman and Silver) were “originally trout lakes.” However,
cutting of “virgin timber” and “tilling of the drainage basin” had

The Walla Walla River was sluggish and warm (70°F
in August), with a muddy bottom but its tributary
Mill Creek was swift and cold (54°F in August) with
a gravel bottom. The Walla Walla contained two
species not found elsewhere, the sandroller and
the three-spine stickleback, but no salmonids of
any kind were collected. Local residents informed
the surveying party that anadromous salmon had
formerly entered the Walla Walla, but their numbers
had declined owing to overharvest in the lower river
and habitat degradation associated with farming and
irrigated agriculture in the Walla Walla River.

“increased the nitrogen content” of the lakes. Nitrogen
fertilization “caused the vegetable plankton [i.e., phytoplankton] to increase. Later, the decay of the same plankton in the hypolimnion used … in some cases … all or
nearly all of the oxygen … so the trout have been forced up
into the warmer waters.”

The lower Yakima River mainstem and tributaries were sluggish and warm owing to irrigation
withdrawals, but the upper mainstem and tributaries
were swift and cold. Juvenile chinook salmon “were
taken in abundance at the mouth of the Naches River.”

Their report also indicated that Coeur d’Alene Lake was being
degraded by mining activities. “At the southern end … at Harrison
(Idaho) it receives the muddy waters of the Coeur d’Alene River, including the famous Coeur d’Alene mining district. These waters are
so laden with silt that they may be traced far out into the clear water
of the lake….”

10. The Naches River, tributary of the Yakima, was “a
clear, cold stream admirably suited to trout.” Chinook
salmon, steelhead / rainbow trout, and mountain
whitefish were all abundant. One charr (most likely a
bull trout) weighing 1.4 kg was collected.

U. S. FISH COMMISSION FISH HATCHERIES
AND DISTRIBUTION

U. S. FISH COMMISSION
LIMNOLOGICAL INVESTIGATIONS
The second of the Fish Commission’s missions, to assess the
productivity of waters for producing fish led to the regions first
limnological investigations by George Kemmerer, J. F. Bovard
and W. R. Boorman. Kemmerer and his colleagues investigated
several lakes in eastern Washington and north Idaho in 1911 and
1912 (Kemmer et al. 1923). See more details about this aspect of
their work in Chapter 25. Another objective of their investigation
was to assess the efficacy of the Bureau of Fisheries’ plants of lake
trout, Salvelinus namaycush (in their report called Mackinaw trout,
Cristivomer namaycush), into Badger Lake (Spokane County),
Deer and Loon lakes (Spokane County), Sullivan Lake (Pend
Oreille County), and Coeur d’Alene, Pend Oreille, and Priest lakes,
Idaho. Lake trout, from the Great Lakes were planted in each of
these lakes in the early 1900s. They arranged for sport anglers to
survey the lakes for them. Kemmerer et al. (1923) noted that letters
from anglers between 1913 and 1921 indicated:
“Mackinaw trout continue to be caught in Deer and
Loon Lakes, also at Badger Lake, located 18 miles southwest of Spokane. The supply continues to be fairly plentiful. The largest Mackinaw … taken in Loon Lake in
1920 weighed 26 pounds. The largest Mackinaw taken
from Deer Lake … weighed 20 pounds. Mackinaws from
Badger Lake … run 8 to 10 pounds. I have never heard of
Mackinaws being captured in Coeur d’Alene, Pend Oreille,
Priest or Sullivan lakes.”

The Fish Commission’s third mission was to propagate and stock
hatchery fish throughout the United States. It was this third element that became the most prominent for simple reason that congress appropriated more money for hatcheries than it did for fish
and limnological surveys combined. For example, in 1872, the Fish
Commission’s budget was $20,000, of which congress directed
$15,000 spent on fish culture work.
Livingstone Stone (1836–1912), a Harvard graduate and
Unitarian Minister, in 1866 established a privately owned experimental fish culture station for hatching and rearing trout eggs in
Charlestown, New Hampshire. He was one of the four original
founders of the American Fish Culturists Association, forerunner
of the American Fisheries Society. In 1872, he was appointed to the
post of Deputy U. S. Fish Commissioner.
In 1872, to cope with the lack of Atlantic salmon eggs, Spencer F.
Baird sent Livingston Stone to California to locate chinook salmon
spawning grounds and there establish a salmon hatchery where eggs
could be incubated and shipped to suitable rivers on the east coast.
Eventually, Stone located both chinook salmon and steelhead trout
spawning grounds on the McCloud River at the northern end of the
Sacramento Valley. There, aided by the local native inhabitants, the
McCloud Wintu people, Stone established Baird Station and, later,
other hatcheries as described in Stone’s excellent narrative accounts
(summarized by Raymond 1990; Yoshiyama and Fisher 2001).
Stone restocked the Sacramento headwater tributaries with about
2 million chinook fry annually “with the definite purpose of aiding
in the maintenance of the salmon fisheries of the Sacramento River,
which had been for several years rapidly deteriorating” owing to intensive commercial fishing in the lower river. Additionally, U. S. Fish
Commission provided an additional 2 million eggs each year to the
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California State Fish Commission to stock in other Sacramento tributaries. Stone reported that: “the artificial stocking of the [Sacramento]
River has resulted in a wonderful and wholly unprecedented increase
of salmon in this River.” About 50 million chinook eggs were shipped
from the McCloud and planted into streams along the East and Gulf
Coasts and Great Lakes or sent to foreign countries. All were failures,
save for transplants into waters of New Zealand.
Steelhead / rainbow trout from the McCloud River, transplanted to many states and continents, met with more success. The
eggs shipped from the McCloud were a mixture of anadromous
coastal steelhead (Oncorhynchus mykiss irideus) with some resident McCloud River redband trout (Oncorhynchus mykiss stonei)
(Behnke 2002). The shipments probably contained mostly the pure
coastal form, with smaller numbers of interior redbands and hybrids. At many of the transplant localities, they fared as well or
better than in their native range. They were easy to maintain and
rear to adult size in brood ponds located on hatchery premises,
so hatcheries on the East Coast began to maintain parent brood
stocks from which they could collect eggs. From this source, the
McCloud rainbows were eventually spread throughout the country.
For example, the Spokane rainbow stock, which is propagated at
Washington Department of Fish and Wildlife’s Spokane Hatchery
and provides the majority of the rainbow trout planted throughout eastern Washington, were obtained from the Cape Cod Trout
Company in Massachusetts in 1942 (Crawford 1979). The Cape
Cod Trout Company originally got their rainbow trout from the
McCloud River. In fact, it has been documented that nearly all of
the rainbow stocks in hatcheries throughout the United States can
be traced back to the McCloud River (Busack and Gall 1980)! At
Spokane, artificial selection was used to convert the Spokane fish
from late winter / spring spawning to fall spawning because it was
easier to raise juvenile trout during the cold winter months and
plant them in the spring than to raise them during the warm summer months and plant them in the fall (Earnest 1958).
After returning from his California expedition to locate the
salmon’s spawning grounds in 1872, Stone was dispatched again to
California in the spring of 1873, this time carrying 12 varieties of
non-indigenous fish to introduce into the state’s waters. The train
derailed while crossing a trestle over the Elkhorn River, Nebraska.
The wreck of the aquarium car liberated 12 non-indigenous fishes
into the Elkhorn River.
Seventeen days after the train wreck (25 June, 1873), Stone left
Washington, D. C. with another railroad car load of fish, 35,000
American shad from the Hudson River, bound for Sacramento.
The fish were carried in metal milk containers and needed constant
attention. Stone had to change the water every one or two hours,
almost a thousand changes on the seven day trip. At the site of his
earlier misfortune on the Elkhorn River, Stone had the engineer
stop the train so he could take on a supply of water and “by singular
coincidence, it proved to be the best for the shad that we found on
the road.” On 2 July, 1873, the shad were “deposited safely and in
good order in the Sacramento….” Offspring of these shad eventually
became established along the entire west coast of North America.
Even before the first shad were shipped from the Susquehanna
River to the Columbia River, where 10,000 were liberated in the
Columbia River near Walla Walla and another 290,000 in the
Willamette River near Portland in 1886, the commercial fishermen
on the Columbia were already catching some of the shad that had
been stocked in California (Chapman 1941; Lampman 1946).
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Fisheries biologists working for the USFC were political pragmatists. Early on they had collected data that conclusively demonstrated over exploitation and habitat degradation were the principle
factors causing declines in fish stocks throughout the United States.
Even so, they recognized that it would be difficult for lawmakers
to curb commercial or sport fish harvest, or halt development that
threatened fish habitat; so they turned to artificial propagation and
stocking to offset losses caused by overexploitation and habitat degradation. They thought that stocking of hatchery-raised fish could
potentially (1) negate the need to regulate commercial or sport
fisheries and (2) compensate for habitat lost to dams, irrigation diversions, logging, farming, grazing, mining, municipal and industrial pollution (White et al. 1995). Their naiveté was undoubtedly
related to their inability to appreciate how a geometrically increasing human population would eventually jeopardize fish habitat. The
hatchery solution, however, satisfied lawmakers who viewed it as
a “win-win” program from the standpoint that they did not have
to enact unpopular laws that would restrict commercial or sport
harvest, constrain municipal or industrial pollution associated with
economic growth and development, or limit land use practices associated with farming, grazing and resource extraction.
Lawmakers rewarded the Fish Commission by approving
nearly all of its capitol requests for construction of new hatcheries
and annually increasing the amount of funding needed to operate
them for an unprecedented period of 40 years! For example, the
Commissioner’s report for 1908 reported,
“There are few enterprises undertaken by the United
States Government that are more popular, meet with more
and generous support, and have contributed more to the
prosperity of a large number of people than federal fish
culture work, evidence of which fact is offered by the attitude and actions of Congress” (Smith 1910).
The Bureau was in an enviable position for a federal agency. After
a brief lull during World War I, the dustbowl and Great Depression
between 1915 and 1932, federal hatcheries and substations proliferated
like McDonald’s hamburger stands during the ensuing New Deal era
of the 1930s. Congress viewed hatchery and substation construction as excellent make work projects for the Civilian Conservation
Corps. As an added benefit, the increased number of stations served
up ‘billions and billions’ of fish annually that could augment the food
supply in support of the subsistence economy that constituted the
livelihood for many working class citizens. The increased fish output
also provided an inexpensive form of recreation at a time when the
income of many people was insufficient for an entertainment budget.
During this period, the Bureau continued to expand the national fish
hatchery system by building new hatchery complexes and adding
substations that received shipments of fry. At substations, the fish
were grown to sizes that improved their chance of survival when
released to surrounding waters. A substation was constructed in
Spokane, Washington in 1935 (Leach and James 1936, 1937).
In addition to hatching and rearing fish, the Commission / Bureau
devised a system for distributing them via specially designed aquarium railroad cars that were coupled to freight or passenger trains
(Figure 3.12). By 1908, the fleet was composed of six aquarium cars
that crisscrossed the country an aggregate distance of 560,000 km
annually (Smith 1910). About half the annual transportation costs
were donated by the railroad companies.
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Each car was a self-contained miniature fish hatchery with
about 20 large wood-insulated fish tanks supplied with re-circulating water and air. Each car also contained several (about 150) 38
liter cans containing up to 15,000 fry or eggs. A boiler / steam plant
compartment provided energy for the water re-circulation pumps
and air compressor. A 3,800 liter reserve tank contained make-up
water that could be added to the fish tanks to replace water that
evaporated from them during long hauls. The water supply was
chilled in reservoir tanks placed in bins cradled by blocks of ice
that were insulated in sawdust. Sleeping quarters, kitchen, lavatory and office space for the delivery crew completed the amenities. Typically, the five-man crew included a fish car “captain”, three
messengers and a cook. Because they carried so much water, the
aquarium cars had to be reinforced and were much heavier than
a typical passenger coach. For example, Fish Car No. 4 weighed
19,251 kg and was one of the heaviest railroad cars in the country.
The aquarium cars were operated primarily on main trunk
lines. After arriving at a hub station, one of the crew, acting as a
detached courier, boarded a branch line to carry fish to their final
destination. During such delivery operations fish were transported
in metal milk containers with lids specially fabricated to hold a
block of ice (Dyson 1963).
From 1882–1946, fish raised at the national fish hatcheries
were distributed primarily to private applicants, state fish commissions, county fish commissions and other federal agencies
such as the United States Forest Service. Applicants simply wrote
to their senator or representative requesting an allotment of the
particular species they desired. The congressman relayed the request to the U. S. Fish Commissioner. The Commission / Bureau
telegraphed the applicants, informing them about the date and
time when an aquarium car would be at their local railroad depot. The fact that any private citizen or civic group could request
a consignment through the intervention of their congressman
probably contributed to the early popularity of the national
hatcheries both in the public sector and in Congress. In the
early years applicants typically arrived with a buckboard wagon
hitched to a team of horses (in later years, pickup trucks) with
old fashioned metal milk containers of water loaded on the bed
for transporting the fish. A variety of cold, cool and warm water
sport fish were distributed in this manner throughout the United
States, including many consignments to eastern Washington and
the Idaho Panhandle.
The arrival of an aquarium car was greeted with local fanfare.
The following account, published on page 6 in the 2 October, 1897
edition of the Spokesman Review in Spokane, Washington, illustrates how this system worked.

The United States fish commissioner’s western car, in
charge of Captain Pierce and assistants, arrived in the city
on Thursday evening and was met by Colonel N. E. Lindsley.
The car presents an exterior appearance much the
same as an ordinary passenger car but inside, on either
side are arranged about 20 tanks. These tanks are capable
of holding 5,000 fish each, and have rubber tubes arranged
in such a manner as to keep the water aerated at all times,
while an artificial cooler keeps the temperature down. At
one end of the car is the captain’s stateroom and office,
while bearths are arranged for the assistants on either side
above the tanks. Mr. Lindsley had made application to the
fish commissioner’s at Washington for a quantity of eastern brook trout to place in Spokane River and tributaries.
The commissioners informed him several weeks ago they
had consigned him 5,000 from the hatchery. He wired for
an increase, and through the intervention of Congressman
Jones, the commissioners agreed to increase the number if
they could do so. On arrival of the car Colonel Lindsley
was informed that they had 4,000 eastern brook trout and
about 5,000 black spotted trout, the mountain trout of
Colorado, where they were all hatched. [Note: It is probable that these fish were Yellowstone cutthroat trout that
had been raised in a hatchery in Colorado.]
Mr. Lindsley mixed the two consignments together
thoroughly and divided them into four lots of about 2,000
each. Cans were procured and one lot was placed in the
Spokane River at Trent; one was sent to Coeur d’Alene
City, to be planted at the mouth of Blue Creek; another lot
was sent to Springdale to be placed in a tributary of the
Colville River; and one was sent to Scotia, at the head of
the Little Spokane. Sportsman in the city lent their aid in
every way to have the fish delivered in a good condition.
Excerpted below is a second example reported in the 3
December, 1884 edition of the Walla Walla Daily Journal.

PLANT YOUNG FISH
NINE THOUSAND FRY PLACED IN
STREAMS ABOUT SPOKANE

Young Carp
Arrival of a Government
Fish Car at Walla Walla
The car of the U. S. Fish Commission arrived here this
morning from Portland, in charge of George H. H. Moure,
of Washington, D. C…. A more obliging man could not
easily be found….
…The outfit left Washington, DC with 25,000 carp, all
of which, except 1,000, have been distributed. At St. Paul
7,000 were left for the hatchery there. Some tench … new
food fish … were placed at various points.

FISH COMMISSIONER CAR IS HERE

Twenty fish are allowed each applicant…. Fish have
been distributed to about 100 persons who have ponds in
Oregon and Washington Territory….

Some of the Fish Went Into Spokane
River and the Rest in
Smaller Streams
A. T. Scholz
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Figure 3.12

Aquarium Railroad Car #3 and buckboard wagon with milk containers used to distribute hatchery raised fish.

In the 6 December, 1884 issue, the paper reported:
The fish car will leave for the east tonight. The fish were
all taken by noon today.
As the number of federal hatcheries multiplied, the aquarium car
fleet became obsolete and was gradually replaced by hatchery tank
trucks that could deliver fish at about ¼ of the cost of an aquarium
car (Leach et al. 1940). By 1937, the number of fish distributed by
hatchery trucks had exceeded the number delivered by train, and
one by one the aging fish cars were taken out of service. The last car
road the rails in 1947. It was dismantled and its cannibalized parts
were scattered throughout the national hatchery network.
The number of fish delivered throughout the United States by
the aquarium cars truly staggers the imagination. It amounted to
an alteration of the natural biogeographical distribution of fishes
on a grand scale, reminiscent of astronauts in a science fiction novel
who begin to “terraform” the landscape of a new planet they have
landed on. In the Pacific Northwest, emigrant settlers from the East
Coast, Midwest and Europe wanted their familiar fishes, so they
applied for and got carp, tench, catfish, bullheads, pike, Atlantic
salmon, eastern brook trout, lake trout, bass, crappie, pumpkinseed,
bluegill, green sunfish, warmouth, largemouth and smallmouth
bass, and yellow perch, all aliens to the Pacific Northwest, brought
cross country free of charge by the United States Government. The
ecological interactions between the nonindigenous species and native fishes has transformed the aquatic environment of the Pacific
Northwest as surely as humans have transformed the terrestrial
landscape from pristine to largely urban.
Between 1872 and 1908, the USFC   /  USBF distributed over
22 billion (22,365,200,000) fish and fish eggs into public and private waters of the United States (Smith 1910). In 1908 alone, about
2.8 billion (2,871,456,380) fish, including 791 million salmonids,
were delivered to applicants (Smith 1910). Smith noted that even
at these lofty levels of production demand was far greater than
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the supply available at the national hatcheries, especially for bass,
crappie and catfish. The six aquarium cars and detached couriers
traveled an aggregate of 555,258 km in 1908, 134,144 km on main
lines and 421,114 km on branch lines. The number of kilometers
on branch lines suggests that fish were delivered to the remotest
locations of the United States.
A report issued in 1923 indicated that, over the previous 20 years,
the output of the federal hatcheries amounted to 72,281,380,861
fish which were distributed by fish cars traveling 3,247,066 km and
detached messengers that traveled 12,967,678 km. During a two
month period in fiscal year 1930, the fish car fleet and detached
messengers traveled a combined distance of 809,365 km “to virtually every state in the Union.”
A brief history of the introduction of carp into the United States,
and into northeastern Washington State, indicates how thoroughly
the federal government’s fish distribution program disseminated
fish. When the USFC first decided to restore declining fisheries
via hatchery supplementation, they were faced with a dilemma.
Namely, culture techniques had not been developed for many species of fishes native to North America; so USFC scientists turned to
Europe, where culture of food fishes began in the Dark and Middle
Ages, when carp and tench were cultivated in monastery ponds.
Both species were highly prized by Europeans for both their flavor
and stamina, so the USFC arranged for the importation of both
species into the United States in 1878 and began rearing them at
the national fish hatchery in Washington, D. C. Carp had been
imported prior to this date by private citizens; on the east coast
as early as 1831 and on the west coast in 1872 (Cole 1905:543). On
the west coast, Mr. J. A. Poppe brought five carp from Germany to
Sonoma, California in 1872. Within two years they had propagated
to the point where Mr. Poppe developed a thriving business selling their offspring to farmers for rearing as food fish in their stock
ponds. But the first wide scale plantings of carp did not occur until
the Fish Commission began distributing them in 1880.
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Between 1880 and 1897, when USFC carp plantings respectively
commenced and were discontinued, a total of 2.4 million carp
were distributed by the Fish Commission. Most of them were disseminated by giving small allotments (about 10–30 fish each) to
individual applicants. To illustrate how thoroughly carp were disbursed, in 1883, 259,888 carp were distributed to 9,872 applicants in
298 of the 301 different Congressional Districts, in every state and
territory in the United States (McDonald 1884). Additionally, the
Fish Commission adopted the practice of dumping carp from their
aquarium cars off train trestles directly into lakes and rivers (Cole
1905). This latter practice apparently occurred routinely east of the
Continental Divide but there is no evidence to suggest that trestle stocking occurred in the Pacific Northwest. McDonald (1887)
listed several dozen rivers where carp were stocked off trestles in
the East and Midwest but none in the Pacific Northwest.
No carp were delivered to Washington in 1880 (Smiley 1884b). In
1881, carp were requested by 11 applicants in Washington Territory but
none were supplied by the USFC (Baird 1884b). In 1882, 500 carp were
distributed to 25 applicants in ten counties of Washington Territory,
including 60 to three applicants in Spokane (McDonald 1884). In 1883,
1,616 carp were supplied to 47 applicants in 11 Washington counties,
the bulk in eastern Washington, including 210 to six applicants in
Spokane County (McDonald 1886). In 1886, 3,498 were distributed
to 157 applicants at Walla Walla (McDonald 1887). After 1886, carp
continued to be stocked in Washington through 1896, however their
distribution to counties was not reported, only state totals.
A report by Smith (1896) documented the efficacy of carp introductions in terms of generating self-sustaining populations, particularly in Spokane County. The following passages are excerpted
from his report:
“The U. S. Fish Commission began the distribution of
carp to applicants in Idaho and Washington in 1882 and
has continued to supply them as requested up till the present time, comparatively larger consignments being made
in recent years. Most of the original plants were made in
private waters, but by the breaking of dams, overflowing of
ponds and other accidents, the fish have in some localities
reached rivers and other public waters….

By 1915, the USBF recognized that the introduction of non-indigenous fishes could potentially have negative consequences to
native species, particularly salmonids in the western United States.
The Bureau was made aware of the potential problems by scathing
editorials that appeared in western newspapers. These editorials
which were acerbic and caustic in tone, condemned USBF stocking
and described how warm-water species such as carp and bass respectively damaged habitat and preyed upon juvenile salmon and
trout. State fisheries agencies in the western states also recognized
the dangers presented by non-indigenous fishes and began to urge
their state governments to regulate stocking by private individuals. As a result, the USBF adopted a policy of consulting with the
state fisheries agencies prior to delivering consignments to private
applicants in that state. This policy was articulated in the fish distribution report for 1915 (Johnson 1917):
“Applicants [are required to provide] a detailed description of the waters into which the fish will be stocked …
the Bureau reserves the right of final decision [in approving the applications of private applicants] taking into
consideration not only the character of the waters, but the
welfare of existing local fisheries, and selecting such species
as will not be likely to prove injurious to or be injured by
those already established.
“In general the assignment of non-indigenous fishes is
made only with the approval of the fisheries authorities of
the States concerned. In this connection it may be stated
that the Bureau has recently decided to refuse all requests
for predaceous fishes for stocking waters of California,
Oregon, Washington, Idaho, Nevada, and the western
portions of Montana and Wyoming, which proscribed section embraces the most valuable salmon and trout fisheries of the United States.”
This policy was reiterated in the fish distribution report of 1917
(O’Malley 1917):
“Applicants should confine their choice of fishes to species that are indigenous to the region of the waters to be
stocked. Non-indigenous species of fishes are assigned only
upon the recommendation of the State Fisheries authorities, and not then unless such recommendation conforms
to the Bureau’s judgment.

“Carp have become numerous in Clear and Silver
Lakes, near Spokane, Washington and are held in considerable esteem….
“At Spokane, carp are sold in limited quantities to
German families at 3 to 3.5 cents per pound. In 1892,
$2,000 worth was sold in local markets and inland towns
along the Northern Pacific Railroad.”
The distribution of fish to private individuals, and state and
county fish commissions, continued until the end of the Second
World War, although after about 1925 consignments to individual
applicants began to decline. There were two reasons for this. First,
the Bureau of Fisheries began to require that individuals obtain
written permission from the appropriate state regulatory agency
before they would deliver fish. Second, in 1920 the Bureau began
to develop cooperative agreements with other federal agencies,
especially the United States Forest Service (USFS) and National
Park Service (NPS) to stock public waters of the national forests
and national parks.

“The Bureau refuses requests for such predaceous fishes
as the black bass, sunfish, and kindered species for introduction into waters in California, Oregon, Washington
Idaho, Nevada, Wyoming or western Montana, as it is believed their presence in those waters might prove harmful
to the trout and salmon fisheries of that region.”
However, despite these assurances, the USBF continued to distribute non-indigenous fishes to Washington and Idaho. During
the 25 year period from 1919–1944, a total of 15,185,242 nonindigenous fish were distributed to the state of Washington, including about 9.6 million eastern brook trout (varying numbers
were stocked in almost every year), 2.2 million total brown trout
stocked in eight different years (n = 8), 600,000 grayling (n = 2),
25,900 Atlantic salmon (n = 1), 550,000 lake trout (n = 2), 113,886
largemouth bass (n = 7), 30,000 smallmouth bass (n = 1), 30,723
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sunfish (n = 6), 53,657 crappie (n = 6), 8,516 yellow perch (n = 1),
and about 2.0 million miscellaneous fish that were not identified
as to species.
Commencing in 1925, the USBF developed a cooperative agreement with the U. S. Forest Service and National Park Service to
plant fish from federal hatcheries into the public waters of the
national forests and national parks (Leach 1926). In the Pacific
Northwest, USFS personnel used pack mules outfitted with milk
containers to transport fish from railroad stations to remote headwater tributaries in the surrounding mountains (Leach 1928). It
was thought that stocking streams near their source would result
in the distribution of fish throughout the drainage as some of the
fish moved volitionally or accidentally downstream and were unable to re-ascend. From 1925 to 1940, the USBF steadily increased
the number of fish assigned to the USFS and NPS (Leach 1926, 1927,
1928, 1929, 1930, 1931, 1932, 1933, 1934; Leach and James 1934, 1936,
1937, 1938; Leach et al. 1939, 1940, 1941, 1942, 1943). At the peak of
this activity in 1940, approximately 21 million fish and eggs were
assigned to the USFS and 8 million to NPS (Leach et al. 1941). The
practice of ‘seeding’ headwaters with eyed-eggs or fry became a
standard fish management practice in the national forests in the
Cascades and Northern Rocky Mountains.
Federal stocking was summarized in annual reports. The reports from 1874 through 1919 contain specific information about
numbers of each species planted at specific locations within a state.
Later reports only provided the number of each species supplied
to a state. The latter reports also provide data on output of hatcheries and substations so it is also possible to extract some useful
information from these reports. For example, one of these reports
contains data that show the Yellowstone variety of cutthroat trout
was shipped from Yellowstone Park to Spokane, Washington in
1936 and that these fish were distributed throughout the Spokane
River drainage in eastern Washington and north Idaho, as well as
numerous other locations in eastern Washington.
In addition to the original federal distribution reports, there
are other useful sources that summarized federal fish stocking
records in Washington and Idaho. Smiley (1884a, 1884b) compiled statistics on all of the fish distributed throughout the United
States by the U. S. Fish Commission from its organization in 1871
through 1880. Smith (1896) reviewed the history of fish stocking in
the Pacific states and attempted to determine the success of these
plants in terms of the introduced fish developing self-sustaining
populations. Smith’s paper contains site-specific stocking records
and outcomes for many locations in eastern Washington. Kershaw
(1904), Washington State Fish Commissioner, in his annual report
to the Governor, summarized the number of species distributed
by the U. S. Fish Commission / Bureau of Fisheries to specific locations in Washington State between 1895 and 1904. Chapman
(1942) described the introduction of alien fishes into the Pacific
Northwest and Linder (1963) described the introduction of Idaho’s
alien fishes. In his classic and engaging book The Coming of the
Pond Fishes, Ben Hur Lampman (1946) chronicled the introduction of rough and spiny-rayed fishes to the Pacific Northwest and
their subsequent expansion into waters occupied by salmonids.
He reiterated the stocking records described by Smith (1896) and
Chapman (1942), and expanded and updated information about
the results of those stocking efforts. More recently, Fuller et al.
(1999) described the introduction of non-indigenous fish throughout the United States and world.
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There are also some useful reference guides that contain listings of federal fish distribution records, including papers by: (1)
McDonald (1921), who compiled an analytical subject bibliography of publications by the U. S. Fish Commission / U. S. Bureau of
Fisheries between 1871 and 1920; (2) Stansby and Schaiver (1955),
who compiled an index of the technical publications of the U. S.
Bureau of Fisheries and U. S. Fish and Wildlife Service between
1918 and 1955; and (3) Aller (1958) who compiled a complete set of
references to the Documents, Administrative Reports and other
publications of the United States Fish Commission and Bureau of
Fisheries between 1871 and 1940.
Federal fish and fish egg distribution reports indicate that the
federal government distributed 49 species representing 11 families
in Washington State between 1882 and 2002 (Table 3.2):
There are no records of introduction for several other species
that occur in Washington:
*tadpole madtom
*Flathead catfish
*redfin pickerel
brook stickleback
fathead minnow
Golden shiner
Oriental weatherfish
Pacu

Noturus gyrinus
Pylodictus olivaris
Esox americanus
Culaea inconstans
Pimephales promelas
Notemigonus crysoleucas
Misgurnus anguillicaudatus
Colossoma sp.

Species denoted by an asterisk are thought to be related to inadvertent introduction by the U. S. Fish Commission, U. S. Bureau
of Fisheries, or U. S. Fish and Wildlife Service.
Following is a complete list of both federal and state publications that contain information about fish stocking in eastern
Washington. Many of these records contain specific information
about the numbers and locations where each species was planted.
Federal records listed by date of publication included: Baird
(1873, 1875, 1879); McDonald (1883a, 1993b); Smiley (1883);
Bean (1884); Baird (1885); McDonald (1885); Baird (1886, 1887);
McDonald (1887); Baird (1889); Collins (1891, 1892); Baird (1893);
McDonald (1893, 1894); Worth (1895); Bean (1899); Ravenel (1896,
1898a, 1898b, 1899); Bowers (1900); Ravenel (1900, 1901, 1902);
Titcomb (1904, 1905); Bowers (1907); United States Bureau of
Fisheries (1905, 1906) Bowers; (1907); United States Bureau of
Fisheries (1907, 1908, 1909, 1913); O’Malley (1917, 1919); Leach (1920,
1922, 1923, 1924, 1925, 1926, 1927, 1928, 1929, 1930, 1931, 1932, 1933,
1934); Leach and James (1934, 1936, 1937, 1938); Leach et al. (1939,
1941, 1942, 1943); James et al. (1944, 1945); Meehean et al. (1952);
Duncan and Meehean (1953, 1954); Branch of Fish Hatcheries (1956,
1958, 1960, 1962); Division of Fish Hatcheries (1964, 1967, 1968,
1970, 1971, 1972a, 1972b, 1973, 1974, 1975); Division of National Fish
Hatcheries (1976, 1979, 1980a, 1980b); Division of Fish Hatcheries
and Fishery Resource Managers (1981, 1982, 1983, 1984); Jantzen
et al, (1985); Dunkle et al. (1986, 1988, 1989); Turner et al. (1990,
1991, 1992, 1993); Beattie et al. (1994, 1995, 1996); Clark et al. (1997);
1997–2007 in U. S. Fish and Wildlife Service Online data base.
Washington State records, listed by date of publication included: Crawford (1890, 1891, 1892, 1983, 1894, 1895, 1896, 1897);
Little (1898, 1901, 1902); Kershaw (1902, 1904); Riseland (1907, 1909,
1911, 1913); Darwin (1916a, 1916b, 1917, 1918, 1919, 1920, 1921a, 1921b);
Dibble and Kinney (1923); Seaborg and Dibble (1924); Pollock
(1925); Maubury (1928, 1930). Records before 1932 contained information about anadromous and resident fish. Records after 1932
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Bowfin

American shad

Goldfish
Carp
Tench

Suckers (generic)
Razorback sucker¹

“catfish” (bullheads)²
Black bullhead
Yellow bullhead
Brown bullhead
Blue catfish

Lake whitefish
Golden trout
Cutthroat trout (coastal)
Cutthroat trout (westslope)
Cutthroat trout (Yellowstone)
Apache trout
Pink salmon
Chum salmon
Coho salmon
Steelhead trout
Rainbow trout
Beardsley trout
Sockeye salmon
Kokanee

Amiidae

Clupeidae

Cyprinidae

Catostomidae

Ictaluridae

Salmonidae

Coregonus clupeaformis
Oncorhynchus aguabonita
Oncorhynchus clarkii var. clarki
Oncorhynchus clarkii var. lewisi
Oncorhynchus clarkii var. bouvieri
Oncorhynchus gilae
Oncorhynchus gorbuscha
Oncorhynchus keta
Oncorhynchus kisutch
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus nerka
Oncorhynchus nerka var. kennerlyi

Ameiurus melas
Ameiurus natalis
Ameiurus nebulosus
Ictalurus furcatus

Xyrauchen texanus

Carassius auratus
Cyprinus carpio
Tinca tinca

Alosa sapidissima

Amia calva

Scientific Name

White bass
Striped bass
Rock bass
“Sunfish”³
Green sunfish
Pumpkinseed
Warmouth
Bluegill
“Bass”⁴
Smallmouth bass
Largemouth bass
“Crappie”⁵
White crappie
Black crappie
Yellow perch
Walleye

Centrarchidae

Percidae

Western mosquitofish

Common Name
Chinook salmon (generic)
Chinook salmon (spring)
Chinook salmon (summer)
Chinook salmon (fall)
Atlantic (Sebago) salmon
Brown trout (German)
Brown trout (Loch Leven)
Bull trout
Brook trout
Dolly Varden trout
Lake trout
Arctic grayling

Perichthyidae

Poeciliidae

Family
Salmonidae

⁵	Included a mix of black and white crappie.

⁴	Included a mix of largemouth and smallmouth bass;

³	Included a mix of pumpkinseed, bluegill, and green sunfish;

²	Included a mix of brown, yellow and black bullheads;

¹ Shipped to A. Scholz, Eastern Washington University, for conducting experiments. All these fish were humanely killed at the termination of those experiments;

Common Name
Sturgeon (generic)

List of fishes distributed in the state of Washington by federal agencies, 1882–2002.

Family
Acipenseridae

Table 3.2

Perca flavescens
Sander vitreus

Pomoxis annularis
Pomoxis nigromaculatus

Micropterus dolomieui
Micropterus salmoides

Lepomis cyanellus
Lepomis gibbosus
Lepomis gulosus
Lepomis macrochirus

Ambloplites rupestris

Morone chrysops
Morone saxatilis

Gambusia affinis

Scientific Name
Oncorhynchus tshawytscha
Oncorhynchus tshawytscha
Oncorhynchus tshawytscha
Oncorhynchus tshawytscha
Salmo salar var. sebago
Salmo trutta var. fario
Salmo trutta var. levenensis
Salvelinus confluentis
Salvelinus fontinalis
Salvelinus malma
Salvelinus namaycush
Thymallus arcticus (Montana stock)
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that contained information about resident fish only included: Lally
et al. (1934); McCauley et al. (1938, 1940, 1942, 1944); Clarke et al.
(1944); Pebbles et al. (1950); Bennington et al. (1952); Bigg et al.
(1954), Bernard et al. (1955, 1956); Seward et al. (1958); Coffin et al.
(1960); Washington Department of Game (1962, 1964, 1966, 1968);
Crouse (1971, 1972, 1973, 1974, 1975); Larson (1976, 1977, 1978);
Schmitten (1981); Lockhard (1981, 1983); Wayland (1985, 1987); and
Smitch (1991).
Anadromous fish stocking records after 1932 were described by:
Pollack (1932); Brennan (1936, 1939); Moore (1944, 1945, 1946, 1947,
1948); Anderson (1949, 1950); Schoettler (1950, 1953, 1954, 1956a,
1956b); More (1957, 1958, 1949, 1960); Starlund (1961, 1962, 1963,
1964); Tollofson (1965, 1966, 1967, 1968, 1969, 1970, 1971, 1972, 1973,
1974); Moos (1975, 1976); Foster et al. (1977); Sandison (1977, 1978);
Dunn et al. (1977, 1978); Seidel et al. (1980); Coleman and Rasch
(1981); Castoldi (1983); Wilkerson (1983, 1985); Hill (1984); Kirby
(1985); Abrahamson (1987, 1988); Blum (1985, 1986, 1987, 1988); and
Turner (1990, 1991, 1992, 1993, 1994).
Additionally, the WDFW has constructed a computerized data
base that shows all of the fish planted, by location, from 1933–2007.
Brodie Cox and Kelly Henderson at WDFW have queried this data
base and sent me the records for each species found each of 20
eastern Washington counties. This information is discussed in the
distribution section for each species.

U. S. BUREAU OF FISHERIES / US FISH AND
WILDLIFE SERVICE SURVEYS (1934–1946)
From 1934–1946, the U. S. Bureau of Fisheries and its successor
agency, the United States Fish and Wildlife Service, surveyed the
Columbia and Snake River basins for the purpose of assessing past
and present spawning areas and abundance of Pacific salmon and
steelhead trout. A limited amount of data was also collected on
distribution of resident fish during the survey. Factors causing
changes in distribution from historic time to the time the surveys
were conducted were discussed. The results of these surveys were
published in a series of eight reports: Rich (1948); Bryant (1949);
Parkhurst et al. (1950); Bryant and Parkhurst (1950); Nielson
(1950); and Parkhurst (1950a, 1950b, 1950c). Chapman (1943) described the spawning of Chinook salmon in the main Columbia
River. The data from these reports and other sources e.g. Craig and
Hacker (1940); Fish and Hanavan (1948); Gangmark and Fulton
(1952); Robison (1956); Craddock (1959); French and Wahle (1960,
1965); Craddock and Parks (1962); Ward et al (1964); Fulton and
Laird, unpublished) were subsequently compiled into a basinwide
description of the location where Chinook (volume 1), coho, sockeye and chum salmon, and steelhead trout (volume 2) formerly
and currently spawned in the Columbia River Basin (Fulton 1968,
1970). A folio of detailed maps accompanying each report showed
precise location information (Fulton 1968, 1970).

BONNEVILLE POWER ADMINISTRATION
1980–2007
In 1980 the United States Congress enacted Public Law 96–501, the
Northwest Power Planning and Conservation Act, which established the Northwest Power Planning Council (NPPC). The governors of the states of Idaho, Montana, Oregon, and Washington each
appointed two members to the NPPC. Congress charged the coun116

cil with two missions. First, the council was charged with planning
to ensure that the power supply for the Pacific Northwest remains
economical and reliable. Second, in consultation with federal, state,
and tribal fish and wildlife agencies, and the public, the NPPC was
directed to develop the Columbia Basin Fish and Wildlife Program
to restore and enhance fish and wildlife resources damaged by construction and operation of hydroelectric projects in the Columbia
River Basin. Projects recommended by the agencies or public can
be rejected or approved and amended into the program by a majority vote of the council.
Funding for the program comes from hydroelectric ratepayers through the Bonneville Power Administration (BPA), a federal agency that markets the power from federal hydroelectric
projects operated by the United States Amy Corps of Engineers or
the United States Bureau of Reclamation. The Power Act directed
the Bonneville Administrator to fund projects approved by the
Council. Bonneville lets contracts to federal, state and tribal agencies, Universities, private consulting firms, and watershed councils
to perform this work. In terms of the area encompassed and expenditures for the program, the Columbia Basin Fish and Wildlife
Program is the most ambitious comprehensive planning and restoration effort for fish and wildlife resources even attempted in the
history of the world.
The total expenditure from 1978–2005 has been $7.802 billion
(NPPC 2006), composed of:
• $1,306,861,461 on anadromous fish projects,
$219,612,570 on resident fish projects, and $175,567,671
on wildlife projects.
• $1,381,500,000 in forgone revenues, the calculated
value of hydropower that could not be generated
because of required river operations to assist passage
and improve anadromous fish survival at dams, such
as spilling water at dams.
• $2,740,300,000 for power purchased to meet load
requirement in response to required river operation
that reduce hydropower generation.
• $1,246,300,000 in fixed expenses to pay for capitol
investments such as fish passage facilities at the dams.
• $801,600,000 to reimburse to United States Treasury
for fish and wildlife activities performed by the
U. S. Army Corps of Engineers, the U. S. Bureau of
Reclamation, and the U. S. Fish and Wildlife Service,
such an operation and maintenance of fish passage
facilities at the dams and federal fish hatcheries
(NPPC 2006).
In 2005, a total of $576.3 million was expended:
• $101.2 million was spent on anadromous fish, $20
million was spent on resident fish and $13.3 million
was spent on wildlife.
• $182.1 million was spent on foregone revenue.
• $110.8 million was spent on power purchases to meet
load requirements.
• $89.7 million was spent for bonds to pay for capitol investments.
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• $57.9 million was spent to reimburse the U. S.
Treasury (NPPC 2006).

Baird planned to publish a joint monograph on American fishes
but this project was also never completed.

As a result a substantial amount of new information is available
about anadromous and resident fish in the Columbia Basin since 1980.
This information is available in annual reports submitted by contractors to BPA. Bonneville Power Administration has compiled all of
these reports in a computerized data base (Internet address: http://
www.efw.bpa.gov/IntegratedFWP/reportcenter.aspx). After accessing the data base, it can be interrogated to locate a specific report. At
present (July 2007), there are a total of 2,520 reports in the data base. I
have included much of this information in my species accounts.

BIOGRAPHICAL SKETCHES
I have prepared brief (thumbnail) biographical sketches about the
people who named each of the 83 species of fish that occur in eastern
Washington or people who contributed information about the life history on salmonids. My reason for doing this is to emphasize the point
that unless you can correctly identify a fish and give it a scientific name
(Latin binomial), any information that you collect about it is meaningless. Since the individual discoverer’s name is part of the scientific name
I thought that by giving ‘faces’ to the discoverer’s who first named each
species, it would help the reader to remember them. The biographical
sketches are organized in alphabetical order by last name.

Louis Agassiz (1807–1873)
Louis Jean Rudulph Agassiz (Figure 3.13) was an ichthyologist
and geologist born in Switzerland. He was educated in Zurich,
Heidleberg and Munich, Germany. After receiving his medical
degree from the University of Erlangen in 1830, he went to Paris
in 1831 and 1832 to work with George Cuvier (Lurie 1988). After
Cuvier’s death in 1832, Agassiz returned to Switzerland to take a job
as Professor of Natural History at the University of Neuchatel from
1832–1846. During his time in Germany, France and Switzerland,
Agassiz worked on a systematic arrangement of the freshwater
fishes of central Europe, which was published in several volumes
between 1829 and 1842. Agassiz also published Poissons Fossiles,
a treatise on fossil fishes during this time. While at Neuchatel,
Agassiz began studying glaciers and soon realized that the entire
European continent had once been covered by a very large continental ice sheet. He published this theory of the Ice Ages in two
books Étude sur les glaciers (1840) and Systeme glaciare (1847).
In 1846, Agassiz emigrated to the United States and eventually became a U. S. citizen in 1861. He accepted a professorship
at Harvard University and acquired funds to build a natural history museum, the Museum of Comparative Zoology, there. The
museum was constructed in 1860 and Agassiz remained its director until 6 December, 1873, very near the time of his death (14
December, 1873).
From 30 June to 15 August, 1848 Agassiz investigated Lake
Superior and published his findings in a superlative monograph
Lake Superior in 1850. At about this time he was approached by
Charles Pickering about curating the fish specimens collected during the U. S. Exploring Expedition (Wilkes Expedition). As noted
previously, by the time this project was completed some 35 years
later, the U. S. Congress had ceased to appropriate funds for publication and Agassiz manuscript languished at the Smithsonian until they were lost track of. In 1848, Agassiz and Spencer Fullerton

Figure 3.13

Louis Agassiz, Harvard Museum of
Comparative Zoology.

Despite those lapses, Louis Agassiz’s contributions to ichthyology
were legendary. At the Harvard Museum of Comparative Zoology,
he catalogued 47,922 specimens of fish. Agassiz and Pickering
(1855) established the generic name of three genera of western
cyprinids (minnows) collected during the Wilkes Expedition by
the peculiar structure and tooth formula of their pharyngeal teeth
and morphological differences in their mouths: Acrocheilus (chiselmouth), Mylocheilus (peamouth), and Ptychocheilus (pikeminnow). He named two species of fish that currently reside in eastern Washington: chiselmouth Acrocheilus alutaceus Agassiz and
Pickering and lake chub Couesius plumbeus (Agassiz).
Another way that Agassiz stamped his mark on North American
ichthyology was that he trained the generation of ichthyologists
that explored the west, including Spencer Fullerton Baird, Charles
Girard, and David Starr Jordan. Agassiz rejected Darwin’s Theory
of Evolution. Instead, Agassiz believed that each creature was created by God and then reproduced only according to its kind as
hinted in Genesis. Thus, he thought it impossible for one creature
to transform into another because each kind had participated in an
act of special creation. In fact, he defined a species as “a thought of
God.” In his famous Essay on Classification (1851) he wrote:
“The combination in time and space of all these thoughtful conceptions exhibits not only thought, it also shows
premeditation, power, wisdom, greatness, presence, omniscience, providence. In one word, all these facts in their
natural connection proclaim aloud the One God, whom
men may know, adore and love; and Natural History must,
in good time, become the analysis of thoughts of the creator of the universe.”
One effect of Agassiz's concept of the species was that he failed
to appreciate the biological diversity within a species. Thus, when he
named a species, he frequently called individuals with slight morphological variation by a different scientific name. Moreover, he influenced many of his students to give morphological variants within
a species each their own scientific names. As a result many species
of fishes were given many synonymous names, which took the ichthyologists that followed Agassiz's students a long time to sort out.
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Reeve Maclaren Bailey (1911–2011)
Reeve Maclaren Bailey (Figure 3.14) graduated with a BA degree
from the University of Michigan (UM) in 1933. During the summers of 1935–1937, he joined the New York State Biological Survey
Team that conducted assessments of watersheds for the New York
State Conservation Department. During these surveys Bailey
estimated that he identified between 0.5 and 0.75 million fishes
(Stewart and Smith 2000). Bailey completed his doctoral dissertation from UM under the direction of Carl L. Hubbs in 1938.
Bailey taught at Iowa State University from 1938–1944. When Carl
Hubbs left Michigan to take a job at Scripps Institution in La Jolla,
California in 1944, Bailey was offered a position at the University
of Michigan Museum of Zoology where he amassed 285,853 specimens in 16,662 lots and 2,138 collections during his career. Bailey
became an active member of the American Society of Ichthyologists
and Herpetologists (ASIH) where he served on the joint American
Fisheries Society (AFS) / ASIH Committee on Names of Fishes for
nearly half a century. He published 163 papers during his career. He
was an author of the first five editions of the fish names book published by AFS (Chute et al. 1947; Bailey et al. 1960; Bailey et al. 1970;
Robins et al. 1980 and Robins et al. 1991). Bailey served as a past president of both ASIH (1959) and the American Fisheries Society (1974).
Bailey also coauthored Fishes of South Dakota (Bailey and Allum 1962).

• Peshastin Creek (tributary of the Wenatchee River,
Chelan County),
• Snake River (near Clarkston, Washington),
• South Fork Palouse River (tributary of the Palouse
River, Whitman County),
• Swauk Creek (tributary of the Yakima River, Kittitas
County),
• Teanaway River (tributary of the Yakima River,
Kittitas County),
• Touchet River (tributary of the Walla Walla River,
Walla Walla County),
• Tucannon River (tributary of the Snake River,
Columbia County),
• Walla Walla River (Walla Walla County),
• Yellow Hawk Creek (tributary of the Walla Walla
River, Walla Walla County).
All of the fish collected in these tributaries are stored at the
University of Michigan, Museum of Zoology Fish Collection.
In 1963, Bailey and Carl Bond of Oregon State University named
the shorthead sculpin, a native species found in the Columbia
Basin, Cottus confusus.

Spencer Fullerton Baird (1823–1887)

Figure 3.14

Reeve Bailey, University of Michigan Museum of
Zoology.

Bailey collected fishes in the United States, Bermuda, Bolivia,
Brazil, Guatemala, Paraguay, Zambia and Thailand (Stewart and
Smith 2000). Bailey made a collecting trip to eastern Washington
in 1955. He collected fish in:
• Alpowah Creek (tributary of the Snake River,
Whitman County),
• Coal Creek (at the head of Keechelus Lake, Yakima
River Basin, Kittitas County),
• Kettle River (Ferry County),
• Little Spokane River (tributary of the Spokane River,
Spokane County),
• Mill Creek (tributary of the Colville River, Stevens
County),
• Nason Creek (tributary of the Wenatchee River,
Chelan County),
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Spencer Fullerton Baird (Figure 3.15) was the first curator of the
United States National Museum at the Smithsonian Institution
(1850–1880) and the first Director of the United States Fish
Commission (1871–1887). Baird began building a personal natural
history collection, primarily study skins of birds and mammals, at
about the age of 10. By age 23, when he joined the Smithsonian, he
had amassed so many specimens, they filled two railroad boxcars
that he donated to the museum. During this early phase of his career Baird corresponded and consulted with John James Audubon.
He attended Dickinson College, Pennsylvania, from age 13–17,
where, in addition to taking courses in biology and geology he
taught himself Latin, French, German, Italian, and Danish so that
he could read papers on natural history written in those languages.
Following his graduation in 1840, Baird enrolled in medical
school but soon dropped out to accept an unpaid position as a
Professor of Natural History at Dickinson College. This was eventually converted to a paid position because Baird’s contagious
enthusiasm for natural history made him immensely popular
with the students. From 1840–1846, Baird traveled periodically to
Philadelphia, Boston and Washington where he consulted with
Louis Agassiz and helped J. D. Dana catalog and identify specimens collected by the Wilke’s Expedition.
When the Smithsonian Museum was established in 1846, Dana,
who was one of the museum’s Regents, sent a letter to Baird advising him to apply for the position of Assistant Secretary. After his
arrival in 1850, Baird oversaw the development of the United States
National Museum (USNM) at the Smithsonian Institution. Natural
history specimens, artifacts and curiosities from the Wilke’s
Expedition (1838–1842), and 26 other Army expeditions were in
storage at the Smithsonian, 6,000 specimens in total, but there was
no systematic arrangement to their organization.
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Figure 3.15

Spencer Fullerton Baird

At that time, there were no public natural history museums
with information presented in a scientific format. Instead, natural history specimens, artifacts and curiosities, such as shrunken
heads and Siamese twins, were displayed in privately owned
Cabinets of Curiosities (or curiosity shops). The public paid to
view these objects, which were often intentionally displayed in
dim light so as to convey an atmosphere of wonder, or mystery,
or superstition. Many were duplicitous, manufactured creations.
Explanations about their discovery and purpose gravitated toward
the cabalistic, or talismanic, or enchanted.
In contrast, Baird’s vision was to create a public museum with
two components. First were public galleries with displays open
to the masses, free of charge, where specimens were showcased
in dioramas that accurately reflected their ecology. Scientific
information discovered about each species would replace the
malarkey spooned out by the proprietors of the Cabinets of
Curiosities. Second was a working museum with vast systemized collections in behind the scenes vaults, at which scientists
labored to identify, classify and make sense of their specimens.
Baird wanted each piece of work to be “unexcelled.” He expected
his scientists to publish their findings, which included making
careful, accurate illustrations that were faithful renditions of the
specimen(s) at hand.
Baird was convinced that only high-quality lithographic illustrations would help persuade the United States Congress to fund
future expeditions, so he hired artists to depict species new to science, as well as localities in which species had been discovered. This
innovation placed species in a conceptual framework related to its
ecological niche, which set the taxonomic investigations made by
U. S. scientists immediately apart from those being conducted by
scientists in other countries. The illustrations of each species, particularly fishes, were vastly superior to the word descriptions used
in most other countries. [Only Cuvier, Valenciennes and LeSueur
in France, had produced similar high quality illustrations of fishes.]
Baird devised a strategy to build a vast network of natural history collectors to supply the museum with specimens. His wife
was the daughter of the Inspector General of the United States
Army. Through this connection, Baird circulated a letter among
Army personnel requesting that specimens be sent to him as an
agent of the Smithsonian. Through his father-in-law, he was able to

train and send naturalists on Army exploring expeditions, including the scientific corps assigned to the Mexican Boundary Survey,
the Pacific Railroad Surveys, and the Northwest Boundary Survey.
George Suckley, an Army surgeon, and Captain Charles E. Bendire
(see biographical sketches on page 153 and page 120 respectively) were among these individuals. Baird himself curated and
wrote about the mammals and birds collected on those surveys
and hired Charles Girard (see biographical sketch page 133) as a
collaborator to do the same for the ichthyology collections. During
Baird’s tenure, the holdings of the USNM increased from the original 6,000 specimens (in 1850) to 2.5 million specimens (in 1887).
By 1870, the commercial fishing industries of the East Coast
and Great Lakes region were in decline. The stocks of Atlantic
salmon, American shad, striped bass and bluefish in New England
were on the verge of collapse. Commercial and sport fisherman
began writing their congressmen in Washington, urging the federal government to take action. Baird drew up a plan to create the
United States Fish Commission that would investigate and correct
the problems. After the plan was approved by Congress, Baird was
appointed as the first commissioner of the U. S. Fish Commission
from 1871–1887, an unpaid position he held concurrently with his
Smithsonian post.
In its early years, the U. S. Fish Commission operated almost as
a de facto bureau of the Smithsonian. Baird was head of both the
Fish Commission and the National Museum. The Fish Commission
served as a major collecting arm of the National Museum. Material
collected by Fish Commission scientists was eventually deposited
there. Eventually, this would make the National Museum’s ichthyological collection unrivalled in the world.
From 1871–1880, the Fish Commission focused its energies on
the East Coast and Great Lakes. Over the next 15 years (1880–1895),
collecting teams were sent out throughout the country to determine the distribution and status of fish species. To accomplish this
work as cheaply as possible, Baird enlisted the aid of university
professors to conduct most of the surveys. He hired the professors
(and their students) during the summer break, a time when most
university professors are not paid by their universities. Grateful
for this augmentation of their income, the professors repaid Baird
by agreeing to work during the summers on favorable terms for
the Fish Commission. Moreover, during the subsequent academic
years, they classified their finds and wrote publications before
sending the specimens on to the National Museum (all at no or
little cost to the Fish Commission since they were being paid by
their universities). Particularly noteworthy in this regard was
David Starr Jordan (see biographical sketch page 139) and his
students, who not only assisted in the North American Surveys
but later surveyed South America, Central America, the Coast of
Asia, Japan, and the Indian Ocean under the auspices of the Fish
Commission. Details about the surveys conducted in the Pacific
Northwest were presented in the section on United States Fish
Commission Surveys (page 105).
Baird was the most admired and respected scientist of his time
in the United States in part because he employed so many scientists,
but also because he was meticulous in his techniques and descriptions. He was a prolific writer on mammalogy and ornithology
and several of his publications remained definitive works in these
subjects for decades. Baird also published a few papers describing
new species of fish, amphibians and reptiles. He collaborated with
Charles Girard in publishing the first description of the western

A. T. Scholz

119

Chapter 3

mosquitofish, Gambusia affinis (Baird and Girard, 1853), a species
that was introduced into several eastern Washington counties, as a
biological alternative to pesticides for controlling mosquitoes.
Because Baird was so well thought of by his peers, many of
them affixed Baird’s latinized name as the specific epithet to new
species they described. Dozens of species were given the trivial
name bairdii, most notably the mottled sculpin (Cottus bairdii)
which is found throughout North America, including eastern
Washington. Others include: Baird’s shrew, Baird’s dolphin, Baird’s
beaked whale, a species of tapir, a snowshoe hare, a 3-toed fossil
horse, at least seven different species of birds, Baird’s rat snake, a
fossil dinosaur, at least six additional species of fish, tanner (snow)
crab, a butterfly, a spider, a cestode, and several species of fish parasites. The next time you dine on Alaskan snow crab (Chionoecetes
bairdii) perhaps you will recall this bit of trivia.

Tarleton Hoffman Bean (1846–1916) and
Barton Appler Bean (1860–1947)
Tarleton Hoffman Bean (Figure 3.16) was the first Curator of Fishes
at the Smithsonian Institution. He received an MD from George
Washington University (then Columbia College) in 1876 but never
practiced medicine. Instead he focused all of his attention on the
Smithsonian and United States Fish Commission from 1877–1898.
He made many collecting trips during his tenure with these agencies, including a trip to eastern Washington, and discovered and
described numerous new species. Bean (1881) named a species of
native sculpin found in the Walla Walla River Basin Uranidea marginatus, now called Cottus marginatus, the margined sculpin.

Figure 3.16

Tartleton Hoffman Bean, United States National
Museum.

In 1905–1906, he worked for the Field Museum in Chicago making a collection of fish from Bermuda. From 1906–1916 he worked
for the state of New York. His most important papers were Oceanic
Ichthyology: A Treatise on the Deep Sea and Pelagic Fishes of the
World (1896), The Fishes of Pennsylvania (1893), Food and Game
Fishes of New York (1902), and Catalogue of the Fishes of New York
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(1903). At least 11 species of fishes were named to honor T. H. Bean.
The most notable was the name given to blue lantern fishes Tarleton
beania by Rosa Smith Eigenmann and Carl H. Eigenmann in 1890.
Barton Appler Bean was the younger brother of Tarleton H.
Bean. From 1881 until his retirement in 1932 he worked continuously for the Smithsonian and U. S. Fish Commission. In 1890,
he was given the position of Assistant Curator of Fishes and retained that position until his retirement. In 1892, he joined C. H.
Gilbert and B. W. Evermann on their fisheries survey of the interior
Columbia Basin. Although he did not name any of the fishes, he
did write a report about mountain whitefish in the Spokane and
Little Spokane rivers (Bean 1895). See section on mountain whitefish distribution in Volume III, Chapter 15 for more details.

Major Charles Emil Bendire (1836–1897)
Charles Bendire (Figure 3.17) was born in Germany, educated in
France, and emigrated to the United States at the age of 17. Soon
after his arrival, Bendire enlisted as a private in the United States
Army, Company D, First Dragoons. After his tour of duty was up
he re-enlisted as a private in the 4th Calvary, where he rose through
the ranks until he was commissioned 2nd Lieutenant in 1864. He
transferred to the 1st Calvary and was eventually promoted to the
rank of major. From 1868–1885, he was stationed at several forts
in the western United States, including Fort Lapwai, Idaho from
1868–1871 and Fort Walla Walla, Washington from 1878–1882. He
was recruited by Spencer Fullerton Baird (see biographical sketch
page 118) to collect specimens for the United States National
Museum (USNM).
During his tours of duty at Fort Lapwai and Fort Walla Walla,
Bendire traveled extensively throughout eastern Washington,
north Idaho, and northeastern Oregon, and collected numerous
fish specimens that he sent to the USNM. He collected Yellowstone
cutthroat trout at Waha Lake Idaho that he named Salmo purpuratus bouvieri (Bendire in Jordan and Gilbert, 1883), which is the
oldest name for the Yellowstone subspecies that is today called
Oncorhynchus clarkii bouvieri (Bendire, 1883).
Bendire noted that the only salmonids present in Coeur
d’Alene Lake were cutthroat trout, bull trout, and mountain whitefish. Coeur d’Alene Lake is in the Spokane River drainage. Spokane
Falls, below the outlet of Coeur d’Alene Lake, was a barrier falls to
Pacific salmon and steelhead trout.
Latah (Hangman) Creek joins the Spokane River below these
falls and formerly had runs of chinook salmon and steelhead trout
that ascended to its headwaters. This was evidenced by the fact that
Bendire collected a chinook salmon in Latah (Hangman) Creek,
Idaho, which he sent to the United States National Museum (USNM
35270), where it still resides today.
Bendire also collected sockeye and kokanee salmon at Redfish
Lake, in the Salmon River drainage, Idaho and Wallowa Lake, Grande
Ronde River drainage, Oregon and published papers on their relations. Bendire periodically sent reports about his findings to Forest
and Stream, a weekly magazine with national circulation, published in
New York between 1873 and 1914. The magazine was devoted to hunting, fishing, and the pursuit of natural history. Most professional ichthyologists subscribed to, and published their preliminary findings in,
the magazine. Bendire sent letters that were published in the 4 April,
1878 (page 156), 27 March, 1879 (page 154), 23 October, 1879 (page
745), and 13 November, 1879 (page 806) editions. Additionally, David
Starr Jordan (see biographical sketch page 139) examined Bendire’s
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salmonid specimens upon their arrival at the Smithsonian, classified
them, and arranged for publication of Bendire’s notes together with
his identifications under Bendire’s name in the Proceedings of the
United States National Museum (Bendire 1881).

Figure 3.17

Edward Asahel Birge (1851–1950)
E. A. Birge (Figure 3.18) is considered the father of North American
limnology. Birge received a PhD in zoology from Harvard University
in 1878, where he studied under Louis Agassiz. Before completing his
degree Birge became an instructor in natural history at the University
of Wisconsin in 1875. He remained at Wisconsin throughout his academic career, becoming a full professor of zoology, then Dean of the
College of Arts and Sciences in 1891, acting President from 1900–1903
and President from 1918–1925. Birge also served as Director of the
Wisconsin Geological and Natural History Survey.
In 1921 and 1922, Birge debated William Jennings Bryan on
evolution. Bryan considered evolution heresy and called Birge
an atheist. This was almost laughable as Birge was a lifelong
Congregationalist who had taught bible classes for most of his
adult life. Birge countered by writing a pamphlet that defended
evolution as suggested by the bible (Sellery 1956).

Major Charles Bendire, United States Army.

Bendire also made a collection of fishes from the Walla Walla
River, Washington that he sent to the United States National
Museum. These specimens were curated by T. H. Bean (1881), who
first described the margined sculpin Cottus marginatus among them.
Bendire is better known for his contributions to ornithology
and oology (the study of bird eggs). In 1883 and 1884 while on
leave from the Army, Bendire worked at the USNM as an Honorary
Curator of the Oology collection (Merrill 1898). He contributed
his private collection of 8,000 eggs and acquired about 44,000
more specimens bringing the museum’s total bird egg collection to
about 52,000 specimens (Merrill 1898). After his retirement from
the Army in 1886, he published Life Histories of North American
Birds in two volumes (1892 and 1896).
To provide an idea of how dedicated a collector of natural history specimens he was, the following account was obtained from the
Arlington National Cemetery website (http://www.arlingtoncemetery.
net/charles-bendire.htm) where Bendire was buried. While stationed
at Camp Lowell, Arizona in 1873, Bendire was sent on a mission to
track down Apache Indians. While surveying the horizon through
binoculars, he spied a zone-tailed hawk’s nest in a tree, rode over to it,
climbed the trunk and plucked one of the eggs from the nest.
He was spotted by a hostile Apache who took a pot shot at Bendire.
As the bullet whisked over his head Bendire reacted by stuffing the
egg in his mouth for safe keeping, scuttling down the tree, jumping on his horse, and galloping wildly back to camp with a band of
Apaches in hot pursuit. At camp the soldiers drove off the Apaches.
Then Bendire’s real problems began when he discovered he
could not spit the egg out. He had tried to avoid biting the egg.
The muscles of his jaws had tensed up and swelled, so he could
not open his mouth wide enough to remove the egg. Several of
his men pried open his jaws and got the egg out intact but broke
one of Bendire’s teeth in the process. His jaws ached for several
days thereafter. When he ‘blew’ the egg to remove its contents
and thereby prevent hatching, he found the egg slightly incubated
by his own body heat. The egg is currently housed in the USNM
(Smithsonian’s) bird egg collection.

Figure 3.18

E. A. Birge (left) and Chancey Juday (right),
University of Wisconsin limnologists

Birge and Chancey Juday were pioneers of North American limnology. They were descriptive limnologists who discovered the thermocline (1897) and defined the layers of a lake: epilimnion (upper
warm waters), thermocline (where water temperature changes by at
least 1°C per meter of depth), and hypolimnion (cold, bottom waters)
(1910). They developed a classification scheme for lakes based on nutrient input, calling them oligotrophic (nutrient poor), mesotrophic
(intermediate levels of nutrients), eutrophic (nutrient rich), or dystrophic (acid bog lakes). They predicted how the trophic status would
affect oxygen levels in the hypolimnion, depending upon the morphometry of a lake. They investigated how the type of bedrock [sedimentary (limestone / dolomite), metamorphic, igneous] of which the
lake basin was composed affected the pH and alkalinity of a lake.
Birge was also a microbiologist and published as many papers
in microbiology as he did in limnology.

Carl Eldon Bond (1920–2007)
Carl Bond (Figure 3.19) served in the navy from 1942–1945. On
Midway Island in the Pacific Ocean he participated in making a topographical survey of the Midway reef and became enamored with
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the colorful species of fishes that he found there (Stewart and Smith
2002). After the war he attended Oregon State University (OSU)
where he received BS and MS degrees in Fisheries in 1947 and 1948. In
1949, he was hired by OSU to teach several courses in fisheries and remained there until he retired as a Professor Emeritus in 1985. He took
a sabbatical in 1959 and 1960 to work on a PhD at the University of
Michigan. He conducted research on the Cottidae (sculpins) of the
Pacific Northwest. He received his degree in 1963. Part of his dissertation was published by Bailey and Bond (1963). In it, they described
four new species of sculpins, including the shorthead sculpin Cottus
confusus, a species native to the Upper Columbia River Basin. Later,
Bond published his Keys to Oregon Fishes (Bond 1978).

to take a job as a Special Assistant to the Secretary of State for Fish
and Wildlife. While in this position, Chapman formulated the U. S.
High Seas Fisheries Policy in 1949. The scientific basis of the policy
was Maximum Sustained Yield (MSY), which in theory made possible
“the maximum production of food from the sea on a sustained basis
year after year” (Chapman 1949). MSY is now considered a failure in
predicting fish yields because it has consistently predicted yields that
were too high. As a result, fish stocks have been over-fished to the
brink of extinction or at least until their populations have collapsed.
This has created a fisheries crises of international proportions.

Figure 3.20
Figure 3.19

Wilbert McLeod Chapman, University of
Washington Departmentof Fisheries

Carl Bond, Oregon State University

While working at OSU, Bond worked for the Peace Corps
from 1967–1971 and taught courses in fisheries and aquaculture in
Thailand, Chile, Rwanda, India, Iran, Taiwan and Japan. At OSU he
was major professor of 48 masters and 15 doctoral students. In 1979,
he published a textbook Biology of Fishes, which was revised and
republished in 1996. He published about 100 papers.
Bond married his high school sweetheart, Lenora, who aided
and “abedded” him throughout his career. In addition to producing
his two daughters, she typed the first edition of Bond’s book from
his handwritten script. In addition to his teaching duties, Bond
also held the position of Assistant Dean of the Graduate School
from 1969–1974. Bond received the AFS Award of Excellence in
1998 and the AFS Distinguished Service Award in 2000. He also
received an award from the Desert Fishes Council. Most of his
time in the last years before his retirement were spent in trying to
build the fish collection at OSU (Stewart and Smith 2002).

Chapman later took a job as Director of Research for the Van
Camp Seafood Company where he “became an intellectual force
in fisheries policy for some years” (http://www.fish.washington.edu/
history/1950–70.html).

Howard Walton Clark (1870–1941)
Howard Walton Clark (Figure 3.21) graduated from Indiana
University in 1896 and also obtained his master’s degree there in
1901. From 1901–1904 he worked at the Field Museum in Chicago. In
1904 he took a job with the United State Bureau of Fisheries and was
made personal assistant to Barton W. Evermann. In 1923, Clark followed Evermann to California where he was made Assistant Curator
of Fishes at the California Academy of Science (CAS) Fish Collection
at Stanford University (SU). After Evermann’s death in 1931, he was
promoted to Curator of Fishes, a post he held until his own death.

Wilbert McLeod Chapman (1910–1970)
Wilbert McLeod Chapman (Figure 3.20) received his MS and PhD
from the University of Washington in 1933 and 1937 respectively
(Chapman 1933, 1937). Early in his career, Chapman worked for the
Washington Department of Fisheries. He conducted numerous fish
surveys in the upper Columbia River Basin and published papers
on topics such as food habits of Chinook salmon and steelhead
trout (Chapman 1938), fish problems associated with the construction of Grand Coulee Dam (Chapman 1940a), the average weight
of fish taken in the Columbia River commercial fishes (Chapman
1940b), alien fishes in waters of the Pacific Northwest (Chapman
1942), and the spawning of Chinook salmon in the Columbia River
mainstem below Kettle Falls (Chapman 1943).
In 1947, Chapman became Director of the University of
Washington, School of Fisheries. Almost immediately he left (in 1948)
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Figure 3.21

Howard Walton Clark, California Academy of
Sciences, Stanford, California

Clark’s specialty area was in freshwater mussels. He was also
an enthusiastic apiculturist. With respect to his work on fishes he
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was best remembered for his junior authorship on the Checklist of
the Fishes and Fish-like Vertebrates of North and Middle America,
which he published in collaboration with David Starr Jordan and
Barton W. Evermann. Additionally during his tenure as Head
Curator, he spent the majority of his time straightening out and
cataloging the CAS / SU's large fish collection.

James Graham Cooper (1830–1902)
James G. Cooper (Figure 3.22) obtained his MD at the College of
Physicians and Surgeons in New York City in 1851. He practiced medicine in New York City. From 1853–1855, he took a job as surgeon / naturalist with the Pacific Railroad Survey working in Washington
Territory. He explored the passes through the Cascade Mountains
and Okanogan Highlands, eventually arriving at Kettle Falls (Coan
1982). He made many observations on salmonid fishes in tributaries that flow into the Columbia (Yakima, Wenatchee, Entiat, and
Methow rivers) and in the Okanogan River. He returned east in 1856
and busied himself by assisting George Suckley with a manuscript entitled The Natural History of Washington Territory and preparing his
own manuscripts for inclusion in the Pacific Railroad reports.

Figure 3.22

James Graham Cooper, Naturalist, Pacific
Railroad Survey

From 1861–1874 he traveled extensively along the West Coast
collecting natural history specimens. In 1874, he settled down in
California. Cooper is best known for his contributions to botany
(6 publications), ornithology (26 publications), and conchology
(43 publications), and lesser known for his work on mammals (8
publications) and other papers (8 publications), totaling 76 publications (Emmerson 1899, 1902). One of his students wrote of him:
“He was a man who could lead you down paths of
Nature to the haunts of birds, to the lurking places of
shells, or to hidden fossils and could name for you the
rocks, trees, and plants of the mountains, hills and plains.”
(Emmerson 1902).

Edward Drinker Cope (1840–1897)
Edward Drinker Cope (Figure 3.23) is best known for his studies
of dinosaur fossils. He was also active in the collection of both fossil and recent fishes, amphibians and reptiles. The journal of the
American Society and Ichthyologists and Herpetologists, Copeia,
was named in his honor.

Figure 3.23

Edward Drinker Cope, University of Pennsylvania.

Cope attended the University of Pennsylvania 1860–1861
(where he studied under Joseph Leidy), worked at the Smithsonian
in 1862 and 1863, and traveled in Europe in 1863 and 1864. He became Professor of Zoology at Haverford College, Pennsylvania
(1864–1867). In 1872–1873 he conducted field work with the
Hayden Geological Survey in Wyoming and Colorado, where he
discovered 96 new species of fish, amphibians, and reptiles. From
1874–1877 he worked as a Paleontologist for the Wheeler Geological
Survey in New Mexico.
Both surveys resulted in contributions on recent and fossil
fishes of the western United States. From 1878–1897, he was part
owner and editor of the American Naturalist. From 1889–1897 he
was Professor of Geology, Zoology, and Comparative Anatomy at
the University of Pennsylvania.
Cope was probably best known for his participation in
the “Bone Wars” with fellow dinosaur hunter, Yale University
Paleontologist, Othniel Charles Marsh (Jaffe 2000). Marsh was
curator of the Peabody Museum of Natural History and served as
president of the National Academy of Science. At one time, Cope
and Marsh were friends; they named species after each other.
The trouble between them began with the discovery of a nearly
complete skeleton in a marl pit in New Jersey that was sent to
Joseph Leidy at the Philadelphia Academy of Natural Sciences,
who named and described it in 1858. Cope, who worked for Leidy,
was soon working the marl pits and had made arrangements for
the company digging up the marl to contact him whenever any
dinosaur fossils were found. Marsh visited one of Cope’s digs. He
later returned and bribed the marl company manager to notify him
when any new dinosaur fossils were discovered. Their relationship
became further strained when in 1870, Marsh tried to ruin Cope’s
professional credibility by pointing out (correctly) that Cope had
mounted a plesiosaur skull on its tail instead of its neck.
Cope soon began to collect dinosaur fossils in southwestern
Wyoming, which Marsh considered to be his own private bone
hunting reserve. The two were soon in a race to see who could
collect and name the most dinosaurs. Both men were independently wealthy, having inherited vast family fortunes (Marsh was a
nephew of mercantile millionaire George Peabody and Cope was
born into a family of wealthy Quakers who owned Cope Packet
Lines and Cope Brothers Trading Company). The value of these
two companies provide Cope with an inheritance that amounted
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to a sizable fortune. Each man used part of his money to fund expeditions each summer to the western United States to procure dinosaur fossils. They spent the winters publishing their discoveries.
Both Cope and Marsh used underhanded methods to out-compete each other, sometimes resorting to stealing and destruction
of bones. Sensational accusations accompanied their discoveries.
For example, Cope repeatedly accused Marsh of stealing fossils.
However, Cope stole a whole trainload of Marsh’s fossils and had
it sent to Philadelphia.
Both men also used dynamite to excavate bones because they
were trying to get them in a hurry. There is no doubt that their
careless excavation methods ruined many nearby fossils.
It is generally agreed that Marsh “won” the bone wars, having discovered a total of 86 new species (including Allosaurus, Diplodocus,
Stegosaurus, and Triceratops) to Cope’s 56 (including Dimetrodon
and Camarasaurus). Additionally, Marsh made many correct inferences about dinosaurs (e.g., their relationship with birds), whereas
Copes ideas, which were Neo-Lamarkian, were later disproved.
(Neo-Lamarkians believed that changes in developmental timing,
not natural selection, was the driving force of evolution).
Their rivalry lasted until Cope’s death but by that time both
men had run out of money. Cope was financially ruined in the
later years of his life. He invested in several mining operations
from 1881–1889. When they went south he was no longer able
to afford trips to the west. To make matters worse, in 1879, the
U. S. Congress consolidated the geological surveys into the U. S.
Geological Survey with Clarence King as its director. King named
his college buddy O. C. Marsh as chief paleontologist.
Marsh lobbied to cut Cope’s federal funding from the U. S.
Geological Survey. When John Wesley Powell replaced King as
head of the U. S. Geological Survey, he pushed for Cope to give
back all the specimens he had collected under auspices of the
Hayden and Wheeler surveys sponsored by the United States
Government. This outraged Cope who had spent about $75,000
of his own money in the conduct of those surveys and besides had
worked for free. When the matter was brought before Congress in
the form of Congressional Hearings, Cope went public and simply
took his case to the popular press. Nothing happened to Cope, but
Powell was forced to ask O. C. Marsh, who had butted into the debacle, to resign his post as chief paleontologist for the survey.
Cope had to sell part of his fossil collections. Cope even had to
sell his house and move in with his remaining museum specimens.
His wife divorced him. Cope spent his last days surrounded by
piles of bones. Marsh didn’t fare much better. He had to mortgage
his home and ask Yale for a salary to live on.
Because of his neo-Lamarkian views, Cope could be considered
racist who believed that if, “a race was not white than it was inherently more ape-like” and that the “inferior Negro should go back to
Africa.” Cope was also against women’s rights because women were
muscularly inferior to men as they did not have jobs that required
them to have muscles. This was pure Lamarck “Inheritance of acquired characters.” Despite this opinion, Cope was known to have
fraternized with many women during his travels, to his wife’s dismay.
Among Cope’s publications were the 1,115 page The Crocodilians,
Lizards, and Snakes of North America. Cope also published “the
first really accurate and concise set of descriptions of North American
darters and minnows” (Myers 1940). These species are prolific in almost every small stream east of the Continental Divide. Cope perceived the importance of the Weberian apparatus as a diagnostic
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character for groups placed in the Super Order Ostariophysi. [The
Super Order Ostariophysi contains two Orders of extant fishes
found in eastern Washington – the Order Cypriniformes with its
two Families, Cyprinidae (minnows and carps) and Catostomidae
(suckers), and the Order Siluriformes, Family Ictaluridae (bullhead catfishes)].
Cope was one of the most prolific taxonomists in history, naming 1,282 vertebrae genera and species (Case 1940) and publishing
about 1,400 papers, 76 papers in a one year period in 1879–1880 and
50 papers in 1890 alone (Jaffe 2000). Cope named one species of
fish native to eastern Washington, the mountain sucker Catostomus
platyrhynchus (Cope, 1874) as well as several fossil fishes.

George Cuvier (1769–1832),
Jean Lamarck (1744–1829),
Charles Darwin (1809–1882), and
Alfred Russel Wallace (1823–1913)
Georges Léopald Chrétien Frédéric Dagobert, Baron Cuvier (aka
George Cuvier) (Figure 3.24) was a French Naturalist who was
considered to be the father of both Comparative Anatomy and
Paleontology. Cuvier was educated at a time when there weren’t
any classes called Botany or Zoology, only Natural Theology and
he was a firm believer in the tenants of Natural Theology:
1.

Biodiversity was explained by Genesis. It was impossible for one species to evolve into another because
each species had been specially created by God, then
reproduced according to its kind by generation from
parents, as illustrated in Genesis 1: 11–13, “Then God
said, ‘Let the earth produce … fruit-trees bearing fruit
each with seed according to its kind.’ So it was; the earth
yielded fresh growth [with] trees bearing fruit each with
seed according to its kind; and God saw that it was good.”
Thus, Natural Theologists made no distinction between
a morphological species and a biological species.

2.

Each organism was created by God to serve some
useful purpose. Thus, all organisms were connected
in “A Great Chain of Being” sort of like “The Circle
of Life” in the Walt Disney movie The Lion King.
Hence, there were no voids in nature. This was
known as the Principle of Plentitude.

3.

God had created each organism with a purposeful
design, so that they lived in harmony with their environment. Morphological and anatomical adaptations
that fitted animals to the environment they occupied
were taken as evidence of God’s great craftsmanship.

4.

The Earth was young (only about 6,000 years old).
This was deduced by clergymen adding up the “begats” in liturgical history. For example: “Methuselah
was 187 years old when he begot Lamech. After the
birth of Lamech he lived for 782 years, and had other
sons and daughters. He lived 969 years and then he
died” (Genesis 5: 25–28). In 1642, John Lightfoot,
Vice Chancellor of Cambridge University and member of the Church of England (Protestant) used the
King James version of the Bible to calculate that the
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Earth began on 27 September 3928 BC at 9:00 am. A
few years later Archbishop Usher, an Irish Catholic,
used his Catholic bible to calculate that the Earth
began on 23 October 4004 BC at sunrise.

Figure 3.24

George Cuvier, Paris Museum of Natural History

Cuvier was a child prodigy, able to read at age 3 and entered
college at age 14. Science historian Lois Manger described Cuvier
as “a disciplined, energetic and ingenious researcher … with a prodigious memory.” Another science historian Charles Singer noted
Cuvier had “encyclopedic knowledge and boundless energy.” During
his lifetime he was honored as a second Aristotle.
One of Cuvier’s accomplishments was to improve Linnaeus’s
classification of animals. Linnaeus, a botanist, apparently had no
imagination when it came to classifying animals. For example, he
grouped most of the invertebrate Phyla into a single category that
he called “worms”. Cuvier classified and separated each of these
organisms into our modern Phyla. Each Phylum had distinctive
morphological features, e.g., the starfish, sea urchin, sea cucumber,
and brittle star belong to Phylum Echinodermata because each of
the organisms possess tube feet and a water vascular system. Sea
anemones, coral polyps, and jellyfish medusae were all related in
the Phylum Cnidaria because they all possessed feeding tentacles
with cnidocytes (stinging cells). Each organism thus appeared to
be ideally suited to its habitat. Cuvier interpreted this as direct evidence of God’s purposeful design.
In investigating the detailed comparative anatomy of different
organisms, Cuvier began to be able to identify organisms from
their skeletons. He also began to notice that certain types of characters were often correlated; so that if an animal possessed one
character you could predict certain other characters. This Principle
of Correlation of Characters is illustrated by the following example.
Some fish, like the walleye, are piscivores (eat fish); others, like
carp, are plant eaters. Piscivores have sharp canine-like teeth to
grasp prey and fusiform (streamlined) bodies to reduce drag as
they chase down prey. Also, you could predict that animals with
a lot of piercing teeth but no grinding teeth typically swallows its
prey whole, so its digestive tract would have a relatively straight
tube to accommodate the fish prey that it eats. The walleye’s gastrointestinal tract is a straight tube that produces digestive enzymes
and acids that easily break down the muscle proteins of the prey
fish that it eats.

In contrast, a fish that possesses molar-like teeth would more
likely be a vegetarian. You might expect their body to be not as
streamlined as a predator because they don’t have to chase down
prey. You might expect it to be armored or have spines sticking out
to discourage predators that might want to prey on it. The carp is
a good example. It contains specialized grinding-type pharyngeal
teeth on its gill arches that pulverize algae or rooted aquatic macrophytic vegetation. It also possesses thick scale plating and its first
dorsal fin ray is modified into a strong spine with serrated edge
that can be erected and locked into an upright position via using
specialized skeletal and muscular anatomy.
Since plant material, which contains cellulose, is more difficult
than protein for animals to digest, it must remain in the digestive
tract for longer periods. Thus, it might be reasonably expected that
an herbivorous fish might have a more complex and convoluted GI
tract than a carnivore. Indeed, carp possess a relatively convoluted
GI tract as compared to a walleye.
Cuvier applied this Principle of Correlation of Characters, to
the study of fossils. Cuvier’s ability to reconstruct the whole animal
from a fossil fragment led to the rise of modern paleontology. It also
led him to conclude that many fossils represented extinct organisms.
At the time Cuvier started his work, fossils were intriguing curios and most naturalists believed that they represented organisms
still in existence in some remote corner of the world. They believed
this because extinction of a large number of species would violate
the Principle of Plentitude by creating voids in nature. But Cuvier’s
reconstructions suggested that fossils represented some impressive
beasts, including mastodons, woolly mammoths, saber tooted cats,
and a gigantic salamander from the French Rivera that grew as big as
an adult human. He postulated that since these beasts were so huge
and ferocious, they could not have gone unnoticed by naturalists
who had explored the remotest regions on the planet. Therefore, he
argued, the only reasonable conclusion was that they must be extinct.
Cuvier developed his Doctrine of Catastrophes to account for
extinction. His problem was that he had to account for all this extinction within the context of the time frame of Genesis because
he never wavered in his conviction that the Earth was more than
6,000 years old. One period of extinction could be explained by the
catastrophe of Noah’s flood; but Cuvier was enough of a student of
the fossil record to recognize that it clearly indicated multiple periods of extinction, numbering in the hundreds. Thus, to account for
hundreds of periods of extinction in 6,000 years, Cuvier believed
that catastrophes were sudden and violent – in short, catastrophic!
As proof, he offered up the eruption of Mt. Vesuvius in 79 AD that
covered the Roman towns of Pompeii and Herculaneum with several feet of volcanic ash, killing most of the occupants. In another
example, a mammoth had recently been discovered standing upright, embedded in a glacier in northern Russia. It had been preserved so well that edible steaks could be cut off its carcass and fed
to the sled dogs that hauled the carcass back to a museum. Cuvier
noted that the animal must have been encased in ice very rapidly
or putrification would have set in and decomposed the carcass.
The frozen carcass was found on the Lena River in 1799 and collected in 1806. A piece of its flesh was later radio-carbon dated (in
the 1950s) at 30,000 years BP.
Cuvier’s nemesis was Jean Baptiste Pierre Antoine de Monet,
Chavalier de Lamarck (aka Jean Lamarck) (1744–1829). (Figure 3.25)
Lamarck was the most prominent natural theologist to adopt a full
blown concept of evolution. He was also the person who coined the
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term “biology.” Biology historian Charles Singer described Lamarck
as “eccentric. His overproness to speculation made him a laughing
stock … and he was held in light esteem by his contemporaries.”

Figure 3.25

Jean Lamarck, Jardin du Roi

Lamarck was the youngest of 11 children. The deaths of all seven
of his older brothers eventually conferred the family title to him.
As a young man without any prospect of inheritance, his parents
sent him to a Jesuit seminary to become a priest, which was standard practice for wealthy families trying to curry favor and gain
influence in the Catholic Church. After his father’s death, when he
was 16, Lamarck left the seminary to join the French Army in war
against Germany. He came back to Paris a decorated war hero. He
later worked for George Buffon at the Jardin du Roi as botanical
curator until Buffon’s death in 1788. In 1794, at the age of 50, as the
result of an internal power struggle at the museum, he was forced
to become a zoology curator. Lamarck was 55 years old when he
embraced evolution for the first time.
After he had assumed his duties in the zoology section of the
museum, Lamarck was given a collection of fossil mollusks to catalog, arrange, and describe. He had several floor to ceiling cabinets
with pull-out drawers to put them in. Since the fossils had come
from consecutive geological strata in quarries, Lamarck decided to
put specimens from one quarry into its own cabinet. In each cabinet he arranged the specimens from one rock layer into its own
drawer, with those from the deepest strata in the lowest drawer
and those from the surface strata in the top drawer. Thus, his arrangement mimicked the chronological order of the fossil’s deposition. He was struck by two facts:
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1.

The fossil shellfish from the bottom layers did not
resemble those at the top;

2.

The fossils from the intermediate layers were
morphologically intermediate between those in the
bottom and top layers. In each successive layer, he
observed that the fossils from the younger layer
were slightly modified but unmistakably related to
those from the layer below it, indicating gradual
morphological change over time. In some cases, the
lines were so complete that he was able to establish
an unbroken phyletic series, showing how fossils had
gradually changed from one distinctive morphological form to another.

Lamarck interpreted his results:
“After a long succession of generations … individuals
originally belonging to one [morphological] species became transformed into a new species that is morphologically distinct from the first” and “The strange species found
only as fossils still exist but have changed to such an extent
that they are no longer recognizable except where we have
a continuity of fossil horizons.”
Thus, Lamarck believed that he had also solved the riddle of
extinction. Fossils, he argued, did not represent extinctions; instead, they were former “incarnations” of modern organisms.
Lamarck was convinced by accumulating geological evidence that
the Earth was relatively old. He was also aware that the environment was changing constantly; so he postulated that if an organism was to remain perfectly adapted (in harmonious balance with
its environment), it too would have to change as the environment
changed. If it did not, it would be faced with the danger of extinction. Thus, Lamarck’s illustration that extinct species could be
related to (or evolve into) living species afforded a solution to the
puzzle of extinction.
Lamarck favored evolution over extinction for three reasons:
1. Sir Isaac Newton had in 1687 (Philosophie Naturalis
Principia Mathematica) demonstrated that the solar
system ran with clockwork precision. Mathematical
equations, that related the mass of two objects to the
distance between them and force of their gravitational field, predicted the path and amount of time it
would take for one of the objects to revolve around
the other:

F = G m1 × m2
r2
   
  

where:
F = the magnitude of the gravitational force between
the two masses;
G = the gravitational constant;
m₁ and m₂ = the masses of the two objects; and
r = the distance between the two objects.
2.

Thus Newton had shown the universe operated
in elegant, simple harmony, which was taken as
evidence of an omnipotent and benevolent Creator.
Naturalists believed that dissecting the biological
world should reveal a similar plan for organic life.
Lamarck argued that catastrophe theory and extinction was not compatible with this view. In contrast,
Lamarck believed that his proposal of evolution
was more consistent with the concepts of order and
harmony. He believed that the study of evolution was
another way to demonstrate the harmony of nature
and wisdom of creation. In fact, in the original
definition, the term “evolution” meant “a natural
unfolding of divine will.”

3.

Catastrophism violated the Principle of Plentitude
because extinction would leave voids in the fullness
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of nature. In contrast, evolution provided a mechanism for nature to remain constant at peak fullness
even in the face of environmental change.
4.

Lamarck noted from an examination of the fossil record that the oldest layers of rocks contained simple
invertebrate fossils and no vertebrate fossils. In the
next layers, which contained more complex invertebrates, the only type of vertebrate fossils were fish;
followed in successively younger rock formations by
amphibians, insects, reptiles, birds, and mammals.
Thus, Lamarck believed that there was a tendency
for organisms to become more complex over time.
Evolution provided an explanation for why organisms appeared to increase in complexity whereas
catastrophe theory did not address the question.

Lamarck proposed that the mechanism for evolution was a two
step process:
1.

There was a fundamental innate tendency for organisms towards increasing complexity of structure. This
was part of God’s design. If the environment remained
stable, organisms evolved by this mechanism because
they were continually striving for perfection. This was
why more complex organisms were observed later in
the fossil record e.g. invertebrates followed by vertebrates. Lamarck believed this was God’s grand design.

2.

Organisms had the ability to adjust their morphological traits to the demands of their environment. These
acquired traits were then passed on to their offspring.
This aspect of Lamarck’s evolution theory, termed
“Inheritance of acquired characteristics,” implied that
the environment is the principle source of variation,
causing expansion or shrinking of specific morphological features depending upon the amount of time
they were used. Lamarck’s “Law of Use and Disuse”
stated that if an organism continually used a particular
morphological trait, the trait would be enhanced. If
the environment changed so that the animal seldom
or never used the trait, the trait would suffer attenuation. To visualize Lamarck’s theory, one might picture a
prehistoric, short-necked giraffe, straining to reach the
leaves on the tall trees. As time passed, this continual
straining would, little-by-little, elongate the animal’s
neck. According to Lamarck, this acquired characteristic would then be passed on to the offspring who would
stretch their necks a little father, and so on, generation
after generation until long necked giraffes were being
produced. The main drawback to this theory was that
Lamarck could not explain how these acquired characteristics were transmitted to the offspring.

meiosis and are responsible for transmission of hereditary information. Although both types of cells contain the same DNA, they are
not connected in any way; so phenotypic changes acquired in the
somatic cells during an organism’s lifetime have no way to be transmitted into the genes of germ cells. Therefore, it is not possible for acquired traits to result in genetic changes that can be passed to subsequent generations. Thus, Lamarck’s evolution theory was rejected by
most other naturalists because his proposed mechanism was wrong.
In contrast, Charles Darwin’s (1858, 1859) and Alfred Russel
Wallace's (1858) (Figure 3.26a, 3.26b) Theory of Evolution proposed
that the source of variation was contained within each organism, in
their heredity factors or genes, rather than caused by the environment. Darwin and Wallace demonstrated this variation was internal
by conducting artificial breeding experiments to enhance particular
morphological traits. The results of these studies showed conclusively that each kind of organism contains a substantial amount of
genetic variation within its genome. Darwin and Wallace proposed
that in nature, natural selection replaces artificial selection in determining which individuals survive to breed. Usually only those organisms that are best adapted to their local environment will survive
to breed. Darwin also proposed that evolution was not directional;
rather it was influenced by whimsy whenever the environment
changed. However, because natural selection put a premium on being different (because organisms that were morphologically similar
to each other would experience competition for limited resources),
the net result for each set of environmental conditions would be a
multitude of organisms that appeared to partition resources instead
of competing for them. Thus nature would always remain at peak
fullness (i.e. there would not be any vacant ecological niches).

A

B

Figure 3.26

(A) Charles Darwin, photographed by Julia
Margaret Cameron 1868, US-pd. (B) Alfred Russel
Wallace, US-PD.

Evolutionists like Lamarck could not accept catastrophism and
extinction because:

In fact, the inheritance of acquired characteristics has never
been substantiated by experimentation. And the environment has
never been shown to cause variation or, stating this more precisely,
be the source of variation. The molecular mechanism of inheritance
explains why. In an individual there is a dichotomy of cell lines: (1)
Somatic cells that reproduce only by mitosis and are responsible for
an organism’s phenotypic traits, and (2) Germ cells that undergo
A. T. Scholz

1.

They felt that with multiple periods of extinction the
biotic world would be in constant chaos instead of
harmony, which was inconsistent with everything
they had been taught about a beneficent God creating a perfect world that operated harmoniously with
clockwork precision.
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2.

Instead, they believed that gradual change, i.e.,
evolution, was more consistent with the concepts of
orderliness and harmony.

Cuvier, on the other hand, could not accept evolution for
three reasons:
1.

Lamarck had proposed that the environment acts directly to alter the morphology of one characteristic of
a species to cause gradual descent with modification.
Once acquired, he argued that a parent passes that
trait to the offspring through inheritance of acquired
characteristics. Cuvier didn’t believe this because
of his knowledge of the Principle of Correlation of
Characters. He argued that the environment acting
on one character at time could not possibly be useful to an animal because all of the correlated parts
would also have to change for it to be of any use to
the organism.

2.

Lamarck had framed evolution within the context
that organisms had increased in complexity over
time. Cuvier saw no evidence for a steady increase in
complexity. Instead, he thought that each organism
was adapted to its environment. He saw discontinuities in the fossil record, e.g., bones of sea creatures
overlain by bones of land dwelling creatures, which
to him was more consistent with catastrophism.

3.

No species of fossil vertebrate was known to continue through several geological strata. Thus, Cuvier
had not observed the gradual changes that Lamarck’s
evolution theory predicted. For example, Cuvier had
excavated a fossil mastodon and compared it to a
modern elephant. He noted, “If species have changed
by degree, we should find some traces of this gradual
modification. Between the Paleotherium and today’s
species we should find intermediate forms. This has not
yet happened.” Thus, although Lamarck had clearly
demonstrated slow, gradual changes among marine
invertebrates; this was not yet confirmed in terrestrial vertebrates. Marine invertebrate fossils form
almost continuously as they are buried in sediments
that accumulate at the bottom of the sea whereas
terrestrial vertebrate fossils occur more haphazardly
when animals are trapped in tar pits or by volcanic eruptions. Lamarck was apparently not astute
enough to point this out for Cuvier.

Among Cuvier’s lesser known accomplishments was his work
of fishes. Cuvier’s researches on fishes began in 1801 which culminated in the publication of the Historie naturelle des poissons, in 22
volumes, 11,250 pages, between the years 1828 and 1849 which contained descriptions of 4,514 species of fishes from around the world,
2,311 of them new to science. In this project Cuvier was aided by
Achille Valenciennes. Approximately two thirds of the descriptions
were written by Valenciennes after Cuvier’s death in 1832 (Bailey
1951; Pietsch 1986). Cuvier and Valenciennes named one species
of fish that has been introduced to eastern Washington, the warmouth Lepomis gulosus (Cuvier and Valenciennes, 1829). Cuvier
was commemorated by naming many animals in his honor, includ128

ing Galeocerdo cuvieri (tiger shark) and Catonyx cuvieri (the South
American Giant Sloth). Cuvier died of Cholera in Paris.
I owe a debt to Cuvier, who was the ichthyologist who jump started
modern ichthyology. The author of the present book can trace his
ichthyological pedigree back to Cuvier. Scholz was A. D. Hasler’s last
student. Hasler was a student of Chancey Juday and Edward A. Birge.
Juday was a student of Carl Eigenmann who was a student of David
Starr Jordan. Birge and Jordan were students of Louis Agassiz. Agassiz
worked with Cuvier at the Paris Natural History Museum. That makes
me a descendant, 5 generations removed, of George Cuvier!

Carl H. Eigenmann (1863–1927)
Carl H. Eigenmann (Figure 3.27) emigrated to the United States from
Germany at the age of 14. He received a Bachelor’s and Ph. D. degrees respectively in 1886 and 1889 from the University of Indiana, where David
Starr Jordan was his major advisor. In 1887, he traveled to California
where he married Rosa Smith, who had already published several
notes on west coast fishes. The Eigenmanns then traveled to Harvard
University where they had a chance to study a collection of fish from
South America made by Louis Agassiz. The team of Eigenmann and
Eigenmann published a host of papers on these fishes, culminating in
Catalogue of the Freshwater Fishes of South America (1891).
In 1891, Eigenmann became a professor of zoology at the
University of Indiana. In 1892, he received a grant from the British
Museum of Natural History to explore the northwestern United
States and western Canada. The results of this work were published
in several papers Eigenmann (1893, 1894, 1895) and Eigenmann
and Eigenmann (1891, 1892a, 1892b, 1893).

Figure 3.27

Carl H. Eigenmann, University of Indiana

Eigenmann studied many interesting fishes throughout his
long career, among them the Etheostominae (darters) that live
in small streams east of the Continental Divide, porcupine fishes
(Diontidae), and viviparous fishes (Cymatogaster aggregata, the
shiner perch from the west coast of the United States).
Eigenmann then focused his attention on blind cave fishes and later
on South American fishes. While studying cave fishes, Eigenmann
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developed an interest in all things subterranean. From 1898–1905, he
published 39 papers and abstracts on cave vertebrates culminating
in Cave Vertebrates of North America (1909), a 341 page monograph.
In 1908, Eigenmann was made Dean of the Graduate School of the
University of Indiana and was relieved of his teaching duties when
needed for field work and preparing reports. With financial support
from the Carnegie Museum he undertook three expeditions to South
and Central America in 1908, 1911–1913, and 1918–1919. In preparation
for these trips in 1906 and 1907 Eigenmann went to Europe and visited
natural history museums in London, Paris and Vienna for the purpose
of examining type specimens of South American freshwater fishes.
On the 1908 expedition to British Guiana, Eigenmann collected 25,000 specimens, 18,300 of them fishes, including 25 new
genera and 128 new species (Stejnegar 1937). On this expedition
Eigenmann also witnessed the Indian method of fishing in a small
stream with rotenone:
“The Indians pounded poisonous hiari roots, tied them
into bundles, and the boys then swam through the pool
with them over their backs and thus mixed the poison.
Soon one species, then another, and still another which I
had only known as mummies [i.e., museum specimens
preserved in alcohol], were resurrected from the depths
of that pool and I danced around its margin with delight
to see them in their living vivid colors and incidentally to
embalm them … for future reference” (Stejnegar 1937).
Eigenmann contracted yellow fever / malaria on this trip from
which he never fully recovered.
The 1911–1913 expedition was to Columbia and Ecuador. The
1918–1919 expedition was to Bolivia, Peru and Chile. Eigenmann
found little species diversity in Chile’s numerous rivers. He stated,
“On any favorable afternoon one can catch more different species of
fishes in any creek of the Central Mississippi Valley, then in all the
rivers of Chile in a year’s work.”
On his third trip “the strain of [high] altitude broke the indomitable strength of Eigenmann, once before weakened by fever in
Columbia and it is from this time that we must mark his decline in
health” (Stejnegar 1937). In 1920, Eigenmann sent a team from the
University of Indiana to collect fishes in the Amazon, Rio Negro
and Orinoco rivers. In 1924, Eigenmann published a paper entitled
Yellow Fever and Fishes in Columbia. It was about the elimination
of his old nemesis, yellow fever, by fish that eat mosquitoes.
Eigenmann Hall, a residence hall of the University of Indiana,
Bloomington campus is named after Carl Eigenmann. The
University proclaimed him a great and inspiring teacher. One of
his former students wrote:
“A few years ago some thirty of his former pupils from all
parts of the country gathered in Cincinnati at a diner given
in his honor. It was most interesting to see that each man
acknowledged that the greatest debt he owed him was that he
had taught him to be self-reliant and independent in his work.
… He was productive throughout his life. For 40 years there
flowed from his pen a continuous stream of publications. The
so-called wisdom which as a rule possesses one in later middle
life did not slow him down. He never lost the enthusiasm and
freshness of youth. He remained a boy…. We all admired him
for his great scholarship, for his untiring application, and the
great amount of work he accomplished. Those of us who knew

him best loved him for his many first rate personal qualities
[and] for his splendid tolerance” (Stejneger 1937).
All told, Eigenmann and his collaborators published 228 papers,
nearly all of them about fishes. Fifteen of these publications were in
collaboration with his wife. Eigenmann named 5 native species found
in the Columbia Basin, including leopard dace Rhinichthys falcatus
(Eigenmann and Eigenmann 1893), bridgelip sucker Catostomus
columbianus (Eigenmann and Eigenmann 1893), pygmy whitefish
Prosopium coulteri (Eigenmann and Eigenmann 1892), sandroller
Percopsis transmontana (Eigenmann and Eigenmann 1892) and
Paiute sculpin Cottus beldingi (Eigenmann and Eigenmann 1891).

Rosa Smith Eigenmann (1858–1947)
Rosa Smith Eigenmann (Figure 3.28) was the first lady of North
American Ichthyology. She finished secondary school at Point
Loma seminary where she developed an interest in natural history. She later joined the San Diego Natural History Society and
began, as an amateur, to collect and identify coastal fishes. Among
her discoveries were the blind goby living in rocky caves on Point
Loma Peninsula and three-spine stickleback that lived in underground aquifers. The latter species was sometimes pumped to the
surface by irrigators.
In 1879, David Starr Jordan, who had come to San Diego, heard
Smith read a paper on a new fish at the San Diego Society of
Natural History. He was so impressed that he immediately asked
her to come and study with him at the University of Indiana.
Smith joined Jordan’s “big hike Europe” in the summer of 1880,
which was a natural history hiking tour of Europe with 34 students
known as “Jordan’s Tramps”, then enrolled at the University of
Indiana for the next two years. She was called home to deal with an
illness in her family and did not graduate. Before she left, Jordan
introduced her to Carl Eigenmann, who was obtaining a doctoral
degree in ichthyology.

Figure 3.28

Rosa Smith Eigenmann, First Lady of North
American Ichthyology.

Back in San Diego, Rosa Smith worked for the United States
Fish Commission and kept busy writing on a variety of fish species. She published 20 papers under her own name between 1883
and 1887, among them the first description of the torrent sculpin
collected from the falls at Spokane, Washington which she called
Uranidea rotheus Smith, 1882. Today the species still bears Smith’s
specific epithet, so she is still credited for its discovery, but it has
been placed in a different genus Cottus rotheus (Smith, 1882). From
1883–1837, Smith also exchanged correspondence and published
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papers with Carl Eigenmann. Clearly, a romance was blooming
between these two. She lured Eigenmann to San Diego for a visit
in the summer of 1887, then set her hooks into him by taking him
to Point Loma and showing him the blind cave fish. What ichthyologist worth his salt would not find that immensely attractive and
enticing? They were married on 20 August, 1887.
Thus, began the publishing juggernaut of Eigenmann and
Eigenmann. Between 1888 and 1893, Rosa Smith and Carl
Eigenmann coauthored 15 papers and described about 150 species.
Among them were three papers on species found in the Columbia
River Basin (Eigenmann and Eigenmann 1891, 1892, 1893). The
Eigenmanns named five species found in the Columbia Basin,
including: the leopard dace Rhinichthys falcatus (Eigenmann
and Eigenmann 1893), bridgelip sucker Catostomus columbianus
(Eigenmann and Eigenmann 1893), pygmy whitefish Prosopium
coulteri (Eigenmann and Eigenmann 1892), sandroller Percopsis
transmontana (Eigenmann and Eigenmann 1892), and Paiute sculpin Cottus beldingi Eigenmann and Eigenmann, 1891. Altogether,
with her previous publication on the torrent sculpin, Rosa Smith
Eigenmann named six of the 37 native species of fish from the
Columbia Basin.
The Eigenmanns had five children. One of their daughters was
disabled and a son became mentally ill and was institutionalized. It
fell to Rosa Eigenmann to care for them. After 1893 she published
no more papers with her husband, yet she continued to edit them
for him.
One of Carl Eigenmann’s students stated that Eigenmann,

birds and plants in that vicinity and soon had a good collection of the species to be found there” (Evermann 1930).
During the summer of 1878, they joined David Starr Jordan’s
“big hike” through Kentucky, Tennessee, the Carolinas and Georgia.
Later that same summer, the Evermann’s spent a month collecting specimens of marine life and salt marsh life at Beaufort, North
Carolina with Jordan. They spent two more weeks with him at the
USNM (Smithsonian) in Washington DC For Evermann this trip
was a life changing experience. Evermann (1930) wrote
“I have always felt that these three months of daily and
intimate association with Dr. Jordan constituted the most
decisive single event in my life, seeing him under so many
situations, listening to his lectures on a wide range of subjects and hearing his dry wit and humor, my admiration
for him became unbounded. Before the trip was over Mrs.
Evermann and I had decided that we would enter Butler in
the fall of 1879 and get as much as possible of Jordan’s work.”
However, Jordan accepted a teaching position at Indiana
University in the fall of 1879 and Evermann had received and accepted an offer to become the principal of public schools in Santa
Paula, California. In 1880, Jordan obtained funding from the
United States Fish Commission to conduct a census of the Pacific
Coast fisheries. He asked Evermann to join his team during the
summer break. Thus, began the life-long association between
these two men which lasted until their deaths in 1931 and 1932.

“was careless of the way in which he dressed up his manuscripts. His editors had the difficult task in untangling
them when in his earlier years they were written in longhand. Later he did them on the typewriter, but this did
not seem to help the situation very much. Mrs. Eigenmann,
herself a trained zoologist, was invaluable to him not only
in her counsel, which he highly prized, but also in the expert way in which she edited his writings and relieved him
of these harrowing details” (Stejneger 1937).
Thus, the old axiom that behind every great man stands a good
woman appears to hold true in the case of Rosa Smith Eigenmann.
Among her hobbies were mountain climbing and lace pillowing
making. Among her scientific accomplishments, she was the first
woman ever to give a scientific name to a fish.

Barton Warren Evermann (1853–1932)
Barton W. Evermann (Figure 3.29) was David Starr Jordan’s
(see biographical sketch page 139) right hand man. He graduated from Indiana University in 1886. He received his initiation
into biology from his wife, Meade Hawkins, a botanist and ornithologist, who was a student of David Starr Jordan’s at Butler
University (Evermann 1930). At the time Evermann was teaching
public school in Indianapolis, Indiana. After Mrs. Evermann matriculated from Butler, the Evermann’s taught at public schools in
Camden, Indiana in the fall of 1887.
“Mrs. Evermann had become so enthusiastic in the
study of botany and birds that it was very easy for me to
catch her enthusiasm. We devoted our spare time that winter and the following spring to collecting and studying the
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Figure 3.29

Barton Warren Evermann, USFC / Bureau of
Fisheries

In 1891, Evermann entered into the service of the United States
Fish Commission (later the United States Bureau of Fisheries). In
1893, the Commission made Evermann available to David Starr
Jordan to complete The Fishes of North and Middle America (1896–
1900, see notes in David Starr Jordan’s biography for significance of
this work). Jordan and Evermann also later collaborated on Food and
Game Fishes at North America (1902), and Checklist of the Fishes of
North America (1930). Additionally, Evermann senior authored many
important works such as his Systematic Revision of the Coregoninae
(whitefishes) (Evermann and Smith 1896), and a Checklist of the
Freshwater Fishes of Canada (Evermann and Goldsborough 1907).
Evermann spent considerable time in conducting fisheries reconnaissance surveys in western Montana and northwestern Wyoming
(Evermann 1893), Idaho (Evermann 1896, Evermann and Meek 1897)
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and eastern Washington (Gilbert and Evermann 1895). Evermann
also published papers of fishes of Lake Chelan (Evermann 1899) and
Crab Creek (Evermann and Nichols 1908).
The fish family Evermannellidae (saber tooths), which is composed of eight species of bathypelagic fish with big recurved palatine teeth that resemble the fangs of a saber toothed cat and big eyes
pointed upward, was named to honor Evermann. Evermannellids are
caught in midwater trawls at depths of 200–400 meters. Little light
penetrates to those depths, so an Evermannellid uses its upwards
pointing eyes to pick out squid and small fish that are silhouetted
against the twilight above them. Five of the species in this family were
placed in the genus Evermannella, also in honor of B. W. Evermann.
Five genera and many species of fishes (but none found in eastern
Washington), plants and animals were named to honor him.
In 1923, Evermann contracted a severe bronchial ailment while
collecting fishes on the Colorado River, from which he never fully
recovered. Recurring bouts with this mysterious disease afflicted
him for the remainder of his life (Hanna 1932). With each succeeding
bout he was not able to fully recover what was lost and he was gradually whittled away. Symptoms, including fever and muscle aches,
shortness of breath and coughing resembled those of a Hanta virus.

Johann Reinhold Forster (1729–1798)
Johann R. Forster (Figure 3.30) was a German naturalist. He studied Natural Theology at Halle and became a Lutheran minister
at Nassenhüben for about 12 years. In 1766 he moved to London,
England where he taught languages and natural history, and made
money on the side by translating the writings of Louis Antoine
de Bougainville, who was the first Frenchman to circumnavigate
the globe (1766–1769). During this period Forster also became a
natural historian. In 1772, he took the job of naturalist on Captain
James Cook’s second voyage on board the sloop HMS Resolution
to the south seas (1772–1775). Forster was a stubborn, ambitious
man with a violent temper who often rankled Captain Cook by
complaining about his accommodations during the voyage (Hoart
1976). After returning to England Forster and the British Admiralty
had a row about publication rights.

During his time in London, Forster examined a longnose sucker
that had been collected in a tributary of Hudson Bay and named
it Cyprinus catostomus Forster 1773: 158. It was later placed in the
genus Catostomus by Agassiz (1850) and is today called Catostomus
catostomus (Forster, 1773). C. catostomus is naturally distributed in
eastern Washington.

Meridith Gairdner (1809–1837)
Dr. Meridith Gairdner was a British naturalist and physician in
the employ of Hudson’s Bay Company, who collected many fish
specimens from the Columbia Basin and sent them to the British
Natural History Museum in London for Sir John Richardson to
classify and name. Richardson (1836) named the rainbow trout
Salmo gairdneri in Gairdner’s honor. From 1836 until 1991, the rainbow trout was called Salmo gairdneri Richardson, 1836. However, it
was discovered that Johann Julio Walbaum (1792) had previously
named the rainbow trout Salmo mykiss and that the Pacific trout
belonged to the same genus with Pacific salmon, so the name was
changed to Oncorhynchus mykiss (Walbaum, 1792). At the present
time, the rainbow trout of the interior Columbia Basin go by the
name Oncorhynchus mykiss gairdneri and are called by the common name redband trout. Gairdner also named the Pacific lamprey
Entospheneus tridentata (Gairdner 1836). Today it is placed in a different genus and called Lampetra tridentata (Gairdner 1836).
In 1833, Gairdner was sent to Fort Vancouver (near present day
Vancouver, Washington) to help fight an outbreak of fever (malaria-like symptoms), where he contracted tuberculosis. He then
was sent to Hawaii where he soon died.
Prior to his departure, Gairdner snatched the head of a Chinook
Indian Chief named Comcomly out of his grave. Comcomly had
rescued two Hudson’s Bay Company employees from death by
drowning in 1811 and the HBC repaid him by treating him like royalty. The Europeans were fascinated by the Chinooken custom of
head flattening, which made their corpses ripe for grave robbing
for sale to Cabinets of Curiosities. Cabinets of Curiosities were private collections of the unusual or macabre that could be viewed by
the public for a fee before the time of public museums. In about
1830, Comcomly had succumbed to malaria and was buried on a
hillside near Astoria.
Perhaps, Garidner, with his own death so imminent, desired to
obtain an important specimen for science. Phrenology, or inferring personal characteristics from the shape of one’s skull, was in
vogue at the time; so he set out to obtain Comcomly’s head. He
pickled it, and after arriving in Honolulu, he packed it and sent it
to Sir John Richardson in England with the accompanying note:
“The accompanying head in a small box is that of
Comcomly, the old Chief of the Chinook Nation … you
have heard of [him] for he is mentioned in most narratives [of] the Columbia. By his ability? or cunning? or
what you please to call it, he raised himself & family to a
power & influence which no Indian has since possessed….
When the phrenologist look at this frontal development
what will they say to this.”

Figure 3.30

Johann Reinhold Forster

The British Government kept the skull in a museum in England
for 117 years before returning it to the Clatsop County Historical
Society, Oregon in 1952. In 1972, Comcomly’s descendents re-
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quested that the head be returned to them and it is now buried
near Ilwaco, Washington.
Gairdner died and was buried in Honolulu in a grave with the
following inscription:
“A father’s pride and care,
Fond object of a mother’s prayers.
Endowments rich adorned his vigorous mind,
Health, science, friendship there combined.
While natures works he traced with eager eye,
Whose guidance failed to read the sky.”

Charles Henry Gilbert (1859–1928)
Charles H. Gilbert (Figure 3.31) was another of David Starr Jordan’s pupils. Their paths first crossed when Gilbert was still in high school and
Jordan was his teacher. Gilbert followed Jordan to Butler University,
where he received his BA degree in 1879. When Jordan moved to
Indiana University in Bloomington in the fall of 1979, Gilbert followed
him again. Gilbert earned both MS (1882) and PhD (1883) degrees
there. His doctorate was the first ever awarded by Indiana University.
By the time he received his PhD degree at the age of 24, Gilbert
was the coauthor of more than 80 scientific papers, all but three
as a coauthor with Jordan (Donn 1996). Among them was the
Synopsis of Fishes of North America (Jordan and Gilbert 1883).
Gilbert was an instructor, then an assistant professor of Natural
History and Modern Languages at Indiana University from 1880–1884.
From 1884–1888 he was a professor of natural history at the University
of Cincinnati. In 1889, Gilbert was back at Indiana University as professor of natural history. In 1891, David Starr Jordan became the first president of the newly established Stanford University. One of his first acts
was to appoint Gilbert as the chairman of the Zoology Department.
Gilbert then began a career that spanned 37 years at Stanford.

Figure 3.31

“Charles Henrey Gilbert … [was] … a man more meticulous, precise and critical than his master. Jordan’s
strength lay more in comprehensive knowledge, truly marvelous memory, deep intuition, drive for rapid and major
accomplishment and commanding personality. The two
men during their early association … made an effective
team, complementing one another.”
In 1928, Jordan wrote Gilbert’s obituary notice:
“[Gilbert] was one of the most careful and accurate of
scientific observers, the keenest and ablest critic in natural
history that I have ever known, and therefore a most helpful teacher.”
Jordan ended the obituary with this appreciation:
“A friend is one who knows all your faults and weaknesses, yet loves you just the same.”
Gilbert established either alone or with various coauthors
about 120 new genera and 620 species of fishes new to science
(Dunn 1996). He published approximately 170 scientific papers
throughout his career (Dunn 1996).

Theodore Nicholas Gill (1837–1914)
Theodore N. Gill (Figure 3.32) received his education in New York
under private tutors. In 1850, at the age of 21, he took part in an expedition to collect fish specimens in the West Indies. This experience apparently cured him of any desire to become a field biologist
and he spent the remainder of his scientific career working in a
museum studying the bone structure of fish. This gave Gill extraordinary insight as to the relations among fishes and how to arrange
them into a coherent system of orders and families.

Charles Henry Gilbert, Stanford University.

Gilbert spent almost his entire career studying fishes of the
west coast from Panama to Alaska, including Hawaii and Japan.
In 1891 and 1892, he and Barton W. Evermann conducted the first
comprehensive fisheries survey of the Upper Columbia Basin in
western Montana, Idaho and eastern Washington (Gilbert and
Evermann 1895). See additional discussion about this trip on page
106. Around 1909, Gilbert began to focus attention on the Pacific
salmon genus Oncorhynchus. By conducting tagging studies, he
was the first person to show that spawning Pacific salmon return
to their “home stream.” See page 112 for more discussion about this
aspect of Gilbert’s career.
After he became a professor at Stanford he supervised the graduate studies of several notable ichthyologists, among them Carl
Leavitt Hubbs. (See biographical sketch page 138).
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Hubbs (1964) described Gilbert and Jordan’s relative contributions in this way:

Figure 3.32

Theodore Nicholas Gill, United States National
Museum

By 1861 Gill began his association with the Smithsonian, which
lasted until he died in 1914. He was also a Professor of Zoology
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at Georgetown University (then called Columbian College). He
published at least 400 papers over the course of his career, most
of them on fishes. In 1872, he published his seminal work entitled
Arrangement of Families of Fishes, which was extensively used by
David Starr Jordan when he attempted to classify fish.
Gill never married as he preferred to expend all his energy conducting his research. He was an extreme workaholic and actually
lived for many years in a room at the Smithsonian so he wouldn’t
be far away from his work.
Gill had a prodigious memory, “in his specialty field he read
everything and forgot nothing.” (http://www.wku.edu/~smithch/
chronob/GILL1837.htm).

Charles Frédêric Girard (1822–1895)
Charles F. Girard (Figure 3.33) was born in France and attended
college at Neuchâtel, Switzerland where he was a student of Louis
Agassiz. When Agassiz emigrated to the United States in 1847, Girard
accompanied him and became his assistant at Harvard (http://vertebrates.si.edu/fishes/ichthyology_history/ichs_colls/girard_charles.
html). There, in 1849, he published a paper on the Cottidae (sculpins).
In 1850, Spencer Fullerton Baird brought him to the
Smithsonian on temporary loan to help him identify and describe
specimens. It turned into a full time job and Agassiz never forgave Baird for stealing away his ablest assistant. Charles Girard
became the Smithsonian’s first ichthyologist and herpetologist.
He also continued his education and received an MD degree from
Georgetown University (Washington D. C.) in 1856 (http://vertebrates.si.edu/fishes/ichthyology_history/ichs_colls/girard_charles.
html). He also became a U. S. citizen in 1854. Girard did little field
collecting of specimens himself. Rather, he let others make the collections and send them to him.
From 1851–1860, naturalists attached to the Pacific Railroad
Surveys, Northwest Boundary Commission and Mexican Boundary
Commission made large collections of freshwater fishes encompassing the entire western region of the United States between the
Mississippi River and Pacific Coast. The preserved specimens were
sent to the United States National Museum (Smithsonian Institute)
to be curated for detailed systematic studies.

lies Cyprinidae (minnows) and Catostomidae (suckers)] was published in 1856 (Proc. Ac. Nat. Sci. Phila. 1856: 154–208). Nearly all the
species were described for the first time. Girard later published two
longer final reports on fishes collected during the Pacific Railroad
Surveys and the United States and Mexican Boundary Survey in 1859.
After Girard’s work was completed, the Smithsonian divided
the collection and sent many of Girard’s type specimens to the
Philadelphia Academy. David Starr Jordan later (in 1884–1885)
re-examined Girard’s type specimens of cyprinid and catostomid fishes housed at both locations and revised his nomenclature.
Jordan published his findings in Proceedings of the United States
National Museum (Jordan 1885 / 1886: 118–127).
Girard named four of the 37 species of native fishes found in
eastern Washington, including: speckled dace Rhinichthys osculus
(Girard, 1856), largescale sucker Catostomus macrocheilus (Girard,
1856), mountain whitefish Prosopium williamsoni (Girard, 1856),
and mottled sculpin Cottus bairdi (Girard, 1850).
Girard also named one of the 45 nonindigenous species that have
been introduced into the Columbia Basin: western mosquitofish
Gambusia affinis (Baird and Girard 1853). In 1859, Girard returned
to Europe. While he was away the Civil War broke out in the United
States. Girard was a southern sympathizer and went so far as to provide aid to the Confederates in the form of arms and medical supplies.
He actually participated in running a blockade in 1863. At the war’s
end, Girard decided to remain in Europe and became a physician.

Johann Friedrich Gmelin (1748–1804)
Johann F. Gmelin (Figure 3.34) was a German Naturalist. He received his MD degree from the University of Tübingen in 1769 and
taught philosophy and medicine at the University of Göttingen
from 1773–1804. He is best known for his contributions to botany
(especially pharmaceuticals derived from plants) and entomology
(he was enamored with butterflies). He also published the 13th edition of Carl Linnaeus’ Systema Naturae in 1789. In that book he
named the redfin pickerel Esox americanus, which is a nonindigenous species that has became established in eastern Washington.

Figure 3.34
Figure 3.33

Johann Friedrich Gmelin

Charles Frédêric Girard, United States National
Museum.

Albrecht Karl Ludwig Gotthilf Günther (1830–1914)
The specimens were described by Dr. Charles Girard in a series
of short papers, published in the Proceedings of the Philadelphia
Academy of Natural Sciences from 1853–1859. Each report described
one or a few families. The account of the Cypriniform fishes [fami-

Albrecht Günther (Figure 3.35) was a German born British zoologist, who became the Keeper of Zoology of the British Museum of
Natural History. He studied to become a Lutheran minister in Bonn
and Berlin, graduating in 1851. Later, he attended the University of
Tübingen, where he was awarded a PhD for a thesis on fishes of the
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River Necker (1853) and an MD (1857). He moved to London, anglicized his name to Albert Charles Lewis Gotthilf Günther, and went
to work for the British Museum in 1857. There he was put in charge
of cataloguing the Fish Collection. From 1858–1870 he published
his masterful 8 volume work Catalogue of the Fishes of the British
Museum. Günther examined over 30,000 specimens stored in the museum vaults. The Catalogue described 6,843 species (along with 1,682
doubtful species). It marked the last time that anybody attempted to
classify all the fishes of the world. One of the most important features
of the catalogue was that Günther attempted to unravel the complex
synonymy of many species and, thus, reduce the number of species.
American Ichthyologist David Starr Jordan described Günther’s catalogue as the foundation of modern ichthyology (Jordan 1922).
In his catalogue, Günther was critical of Charles Girard’s and
George Suckley’s descriptions of salmonids from the west coast of
North America. He wrote:
“The salmonids of the Pacific Coasts of North America
have been worked out chiefly by Girard and Suckley; and
the determination of the species described by the former
is essentially facilitated by a series of illustrations. But the
notes on the species named by the latter gentleman are so
incomplete, owing to the imperfect condition of the materials worked upon, as well as to the slight experience of the
author in pointing out really specific characters, that all
these specimens (many of which appear to be quite unfit
for scientific examination) require a critical examination
before the species founded on them can be admitted into
the system” (Günther 1866).

Figure 3.35

Arthur Davis Hasler (1908–2001)
Arthur D. Hasler (Figure 3.36) was born in Utah and graduated
from Brigham Young University with a Bachelor’s degree in 1932.
He completed his doctoral degree at the University of Wisconsin
under the supervision of Chancey Juday in 1937, where he also interacted with E. A. Birge. He was hired as an instructor of Zoology
at Wisconsin in 1937 and was promoted to assistant professor in
1941, associate professor in 1945, and full professor in 1948. During
his 41 years on the faculty at the University of Wisconsin, Hasler
authored more than 200 papers and 7 books, and supervised 52
doctoral students, and 43 master’s students (Likens 2003).
Hasler realized that lakes go through stages, gradually becoming more eutrophic as they age. He found that the land-water interactions were a primary variable that affected this aging process and
hence the water quality and ecological health of lakes. When he
applied this thinking to Lake Mendota, Wisconsin, he recognized
that fertilizer runoff and soil erosion from agriculture lands along
the Yahara River, the lakes inlet, were accelerating the rate of aging
Lake Mendota.

Albert Günther, Keeper of Zoology, British
Museum of Natural History.

Günther (1866) also recognized that the subgenus
(Oncorhynchus) erected by George Suckley described only male
Pacific salmon. Oncorhynchus means hooked snout, in reference
to the spawning kype that develops on the upper jaw of males.
Therefore, the hooked snout was a secondary sexual character
found in males of all species of Pacific salmon. Suckley had not
recognized this and therefore had described females in a different genus Salmo. This insight caused Günther to re-examine the
Pacific salmon series in the museum. He concluded that all the
Pacific salmon (both males and females of each species) had long
anal fins (≥ 13 rays) whereas all Pacific trout and Atlantic salmon
and trout had short anal fins (≤ 12 rays). The species of Pacific
salmon had hooked upper jaws whereas Pacific trout and Atlantic
salmon and trout males had hooked lower jaws. He felt that this
was sufficient for separating the taxa. He elevated Suckley’s sub134

genus Oncorhynchus to full genus status and described that Pacific
salmon for the first time by that name. The Pacific trout and
Atlantic salmon and trout he left in Salmo.
Günther also published three reports on fishes collected on the
famous HMS Challenger Expedition of 1873–1876. The Challenger
was the world’s first oceanographic survey ship and traveled round
the world sampling in different oceans. Günther’s reports on shore
fishes (No. 16: 82 pp. + 32 pictures), deep sea fishes (No. 57: 400 pp.
+ 73 pictures) and pelagic fishes (No. 78: 47 pp. + 5 pictures) were
published in 1885, 1887, and 1889 respectively.
Günther also published many papers on amphibians and reptiles. He was elected Fellow of the Linnaean Society in 1877 and
served as its President from 1896–1900.
Günther never endorsed Darwin’s Theory of Evolution. Because
of this, and because the modern arrangement of orders and families still owes a lot to Günther’s organization and arrangement in
his Catalogue, a lot remains to be accomplished in terms of placing
orders and families to highlight their evolutionary relatedness.

Figure 3.36

Arthur Davis Hasler, University of Wisconsin,
Laboratory of Limnology

The increased nutrient loading of the lake from human activity
on the land upstream from the lake was increasing algal production and creating unsightly (and stinky) algae blooms in the lake.
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Hasler called this “cultural” eutrophication and realized that the
way to reduce it would be for county or state governments to enact
laws that would regulate the amount of nutrients that could be discharged into the water (Hasler 1947).
Hasler is credited with ushering in a new era of “experimental
Limnology”. Not content with merely describing the characteristics of lake like his predecessors, Birge and Juday, he pioneered a
new way to study lakes by conducting “whole lake manipulations.”
The most famous experiment took place in Peter and Paul lakes in
Michigan’s upper peninsula. Peter and Paul lakes where dystrophic,
brown stained, acid bog lakes shaped like an hourglass. Hasler received permission to bulldoze an earthen dam across the narrow
constriction between these two lakes in 1951. Subsequently one lake
(Peter) was treated with hydrated lime to flocculate and precipitate
dissolved organic carbon, while the other (Paul) was maintained as
an untreated reference (control). Hasler and his students then measured the effects of this manipulation by making physical / chemical comparisons and measuring the effects of the biota of both the
experimental and reference lake (Johnson and Hasler 1954; Hasler
1964). For example, improved water clarity increased phytoplankton
and zooplankton production which provided more food for rainbow
trout, thereby increasing trout production in the experimental lake.
Hasler served with the U. S. Strategic Bombing Survey in
Germany in 1945. There he met German Nobel Laureates Konrad
Lorenz and Karl von Frisch, who inspired Hasler in the research he
is best known for on olfactory imprinting and homing in salmon.
Von Frisch had been studying the schreckstoff reaction in minnows. Schreckstoff is an alarm pheromone that is released when
the skin of a minnow is broken, for example by a fish eating bird
swooping down and grabbing one in its talons. It signals other minnows in the school of danger, causing the school to rapidly disperse.
The lesson Hasler took back from his discussion with von Frisch
was that some species of fishes had a very acute sense of smell.
Lorenz had been investigating imprinting in geese. Imprinting
refers to the permanent bond that forms between a gosling and
its mother. For many years it was thought that this bond resulted
from genetics. Instead, Lorenz showed that imprinting is learned
rather than genetic. Imprinting is a process of rapid irreversible
learning during a critical period that elicits a stereotyped pattern
of behavior. In geese, the critical period occurs shortly after hatching, when the gosling forms a permanent attachment to the first
moving object it sees—normally its mother waddling in front of
it. Lorenz proved his thesis by assuming the role of a surrogate
mother. He paced in front of a group of eggs as they were hatching; the goslings forsook their avian ancestry and adopted Lorenz
as their mother. The birds followed him around like a shadow everywhere he went, just as goslings follow their mother. The lesson Hasler took back from his discussions with Lorenz was that an
animal could be imprinted in a narrow window of time (called the
“critical period” in its development) and form a permanent memory
of whatever it was imprinted to.
It was during a vacation to Utah that an incident occurred
that caused Hasler to incorporate the imprinting concept with the
problem of homing in salmon.
“We had driven across the sage country and high desert
from Madison, Wisconsin … to my parental home in Prove,
Utah … As I hiked along a mountain trail in the Wasatch
Range of the Rocky Mountains where I grew up, my reflections were interrupted by wonderful scents that I had not

smelled since I was a boy. Climbing up toward the alpine
zone of Mt. Timpanogos, I had approached a waterfall which
was completely obstructed from view by a cliff; yet, when a
cool breeze bearing the fragrance of mosses and columbine
swept around the rocky abutment, the details of the waterfall and its setting in the face of the mountain suddenly lept
into my mind’s eye. In fact, so impressive was this odor that
it evoked a flood of memories of boyhood chums and deeds
long since vanished from conscious memory. The association
was so strong that I immediately applied it to the problem
of salmon homing. The connection caused me to formulate
the hypothesis that each stream contains a particular bouquet of fragrances to which salmon become imprinted before
emigrating to the ocean, and which they subsequently use as
a cue for identifying their natal tributary upon their return
from the sea. I envisioned that the soil and vegetation of each
drainage basin would impart a distinctive odor to the water,
thereby providing the salmon with a unique cue for homing”
(A. D. Hasler, in Hasler and Scholz 1983).
Hasler was also aware of studies that showed if salmon were
removed from their natal tributary and transplanted to different
one, where they smolted and migrated to the sea, they would return to the transplant stream rather than the natal tributary. This
immediately suggested to Hasler that homing was not connected
to a genetic memory of the home stream. Rather, the data implied
that salmon learn (or imprint to) the cues that identify their “home
stream” during a critical period of development, the smolt stage.
The smolt stage is when salmon turn silver, develop osmoregulatory correctional mechanisms that enable them to survive in seawater, and migrate, en masse, to the ocean. In 1951, Hasler formalized this hypothesis in collaboration with his graduate student
Warren J. Wisby (Hasler and Wisby 1951).
The olfactory hypothesis for salmon homing presented by
Hasler and Wisby (1951) was broken into three testable hypotheses:
1.

Each stream has a distinctive odor that is detectable
by fish;

2.

Juvenile salmon become imprinted to the distinctive
odor of their home tributary during the smolt stage,
the critical period for imprinting; and

3.

Adult salmon use this odor information stored in
long term olfactory memory, to find their home
stream during the spawning migration.

Hasler and Wisby (1951) (Figure 3.37) and Wisby (1952) used classical conditioning experiments to determine if fish could discriminate two different streams, one running through an open meadow,
the other through forested land. They used groups of bluntnose minnows and coho salmon for these tests. One group of fish was given a
food reward shortly after water from the meadow stream was added
to their tank (positive reinforcement) and mild electroshock shortly
after water from the forested stream was added to the tank (negative
reinforcement). These fish learned to associate these types of water
being added with either the food reward or electroshock punishment
because after about 40 trials they clustered underneath the feeder before any food was added whenever water from the meadow stream
added to their tank, or cowered at the opposite end of the tank (away
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from the shock electrode) whenever water from the forested stream
was added and before the electroshock was administered.
When their nasal sacs were occluded or cauterized, fish that
had been previously trained were no longer able to discriminate
between the two waters. If their nasal sacs were occluded or cauterized before training began, they were not able to learn to associate the food reward or the electroshock punishment with either
stream. Thus, Hasler and Wisby (1951) had demonstrated that each
stream has a characteristic odor that is detectable by fish.
Next Hasler and Wisby devised a field experiment to test the olfactory hypothesis. Their research site was a small Y-shaped tributary
located 25 km from Seattle, Washington: Issaquah Creek and its East
Fork. Each branch had its own native stock of coho salmon. Hasler
and Wisby set up weirs in both streams to collect salmon. The nasal
chamber of half the fish from each tributary was plugged with Vaseline
coated cotton, while the remaining fish were left unplugged to control for olfactory impairment. Each fish was tagged so that it could
be identified in terms of the treatment it had received and the branch
where it was originally caught. All of the fish were then released 1.6 km
below the junction of the two streams and allowed to repeat their upstream migration. Almost all of the control fish released migrated
upstream into the same trap where they were originally collected. In
contrast, only about half of the fish deprived of their sense of smell
migrated upstream and those that did were distributed randomly between the two traps. Sensory impairment experiments were criticized
by Brett and Groot (1963), Harden-Jones (1968), Peters (1971) and
Ramsey (1961), who argued that nose-plugged fish may home with
less precision because of generalized traumatic or inhibitory effects
rather than because of loss of the olfactory sense. Consequently, the
results of sensory-impairment experiments are difficult to interpret.
Another problem with the ablation experiment was that the fish had
been exposed to their home water shortly before being tested, so the
homing behavior exhibited during the experiment may be owing to
“short term conditioning” rather than long term memory of the stream.
These criticisms condense to a central point: to determine if olfactory imprinting occurs, a definitive experiment must encompass two
periods in the life of the salmon, the smolt stage, when imprinting
takes place, and the adult spawning migration, when the fish must
use their “long-term olfactory memory” of the natal tributary as a
cue for homing. To take both periods into account, Hasler and Wisby
(1951) proposed to imprint smolting salmon artificially with synthetic
chemicals as a substitute for natural stream odors, and later, to use
the scent to attract the fish into a different tributary. The proposed
method eliminated recent experience as a factor and allowed them to
manipulate olfactory cues without interfering with the fish’s olfactory
sense, so that problems with sensory impairment could be avoided.
The author of this book was Hasler’s last graduate student and collaborated with him in performing this experiment. Working at a fish
hatchery in the Mississippi River drainage of Wisconsin, we exposed
one group of 18 month old coho salmon to a synthetic chemical called
morpholine and a second group to a different synthetic chemical
called phenethyl alcohol for about 30 days during the smolt stage. A
third group was left unexposed (control). Each fish was given a distinctive fin clip which corresponded to the treatment odor it had received.
At the end of the exposure period, all three groups were trucked to
Lake Michigan and released midway between the two test streams, the
Little Manitowoc River and Two Rivers, located 9.4 km apart.
During the spawning migration, morpholine was metered into
one of the test streams (Little Manitowoc River) and phenethyl
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alcohol into the other (Two Rivers). The streams were surveyed
for marked fish by conducting electrofishing, gill netting and creel
surveys. In addition, 17 other locations were also monitored to determine whether a significant number of experimental fish were
straying into non-scented streams.
This experiment was conducted twice – this artificial imprinting
was done in 1973 with 5,000 fish in each group and again in 1974 with
10,000 fish per group. The spawning migrations of three year old fish
were in 1974 and 1975 respectively. The data from both experiments
showed that of the morpholine exposed fish recovered, 95% were
captured in the morpholine scented stream; and, of the phenethyl
alcohol exposed fish 92.5% were captured in the phenethyl alcohol
scented stream. By contrast, large numbers of control fish were captured at other locations. About twice as many fish were recovered
from each group in 1975 (from the release of 10,000 smolts per group
in 1974) than in 1974 (from the release of 5,000 smolts per group in
1973) (Scholz et al. 1976; Hasler et al. 1978; Hasler and Scholz 1983).
Our procedure gave some assurance that the fish did not learn alternative cues about the test streams, since they had been reared in
a hatchery whose waters flowed into the Mississippi River and were
stocked directly into Lake Michigan. Hence, we inferred that they
were returning to the test streams because of the odor they had been
exposed to as smolts. Our results demonstrated that olfactory imprinting occurs when the fish are 18 months old at the time they undergo
the transition from parr to smolt. They retained an odor memory of
these synthetic chemicals without again being exposed to them for the
1.5 years they were at large in Lake Michigan, and, as adults, returned
to the synthetic chemical that they had been exposed to as smolts.
Hasler was elected to the National Academy of Sciences in 1969.
He received an Award of Excellence from the American Fisheries
Society (AFS) in 1977 and the Distinguished Service Award from
the American Institute of Biological Sciences (AIBS) in 1980.
He was awarded the Navmann-Thienemann Medal from the
International Association of Theoretical and Applied Limnology,
the highest international award in Limnology, in 1992. He received
about a dozen other prestigious awards.
Hasler served as president of the following professional societies: American Society of Limnology and Oceanography (1951), the
Ecological Society of America (1961), the International Association
for Ecology (1967–1974), and the American Society of Zoologists
(1971). Hasler was also the founder and first director of the Institute
for Ecology (1971–1974). According to John Magnuson, Hasler’s
successor at the UW Limnology Lab, Hasler believed
“you were not done with your research until you
dealt with the management implications it raised…. He
loved music and poetry. He used to read poetry in his
[Limnology] class about the beauty of lakes. He imparted
a moral and ethical sense of the value and beauty of nature” (Carpenter and Kitchell, 2001).
He played the french horn for 30 years in the Madison Civic
Symphony and the University of Wisconsin Symphony. When he
retired in 1979, his former students held a festschrift in his honor.
(Nearly all of the 52 PhD students he had directed and about 30
of his master’s students made it a point to be there; some flew to
Madison from as far away as Hawaii or the East Coast to be there).
They presented him with an original horn concerto that they had
hired a composer to write.
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Figure 3.37

(A) Operant conditioning apparatus used by Hasler and Wisby to test discrimination of stream odors by salmon.
(B) Close up of apparatus showing Hasler on left and Wisby on right looking through aquarium.
A. T. Scholz

137

Chapter 3

One of Hasler’s most memorable attributes was his store of German
poems, which he could reel off (recite by heart) if given the slightest
encouragement. For example, when a rock and flower garden at the
UW Center for Limnology was dedicated to him in 1998, instead of
giving a speech, he simply recited Eduard Mörike’s Septembermorgen:
Im Nebel ruhet noch die Welt,
Noch träumen Wald und Wiesen:
Bald siehst Du, wenn der Schleier fällt,
Den blauen Himmel unverstellt,
Herbstkräftig die gedämpfte Welt
In warmem Golde fließen.
Following is a translation of September Morning by Walter A. Aue:
The world’s adream in fog’s embrace,
Still slumber woods and meadows:
But soon, through the dissolving lace,
You’ll see the blue of endless space,
The milder grace of autumn’s face
Transcending golden shadows.

By 1802, Hector was on the road again, this time to New
Zealand, where he organized a geological and natural history
survey of the South Island to assess its potential for settlement.
He later became first Director of the Colonial Museum and
Geological Survey in Wellington (now called Museum of New
Zealand Te Papa Tongarewa), a position he held for 40 years
until his retirement in 1903. He simultaneously was appointed
Chancellor of the University of New Zealand from 1885–1903.
In New Zealand, Dr. Hector was at the center of every aspect of
organized science for all of those 40 years. The Botanic Garden,
Meteorology Department, and an observatory were all placed under his control. In 1877, Hector received a Knighthood for his trouble. Eleven species, including Hector’s dolphin Cephalorhynchus
hectori which is endemic to the coastal waters off New Zealand
and the rarest dolphin in the world, are named after him. Only
about 7,270 Hector’s dolphins are left in a population that numbered about 26,000 30 years ago. Many were killed when they
became entangled in gill nets.

Carl Leavitt Hubbs (1894–1979)

Sir James Hector (1834–1907)
James Hector (Figure 3.38) was born in Edinburgh, Scotland. He
received an MD from the University of Edinburgh in 1856. In 1857
he joined the Palliser Expedition to western Canada as their naturalist and surgeon. The goal of the Palliser Expedition was to explore new train routes for the Canadian Pacific Railroad.
In 1858, when Hector was exploring a mountain pass along
the Continental Divide in the Canadian Rockies one of the packhorses he was leading fell into a river. Hector climbed down off his
own mount and extricated the packhorse from the water. Hector
wrote, “In attempting to recatch my own horse, which had strayed off
while we were engaged with the one in the water, he kicked me in the
chest,” which knocked Hector unconscious. Hector’s companions
thought he was dead and even went to the trouble of digging a
grave for him. However as they prepared to place him in it, Hector
woke up. They named the place Kicking Horse Pass and called the
river the Kicking Horse River to commemorate the occasion.

Carl L. Hubbs (Figure 3.39) received BS and MA degrees in zoology from Stanford University in 1916 and 1917 respectively. Charles
Henry Gilbert was Hubbs’s major advisor at Stanford. In 1915,
Hubbs accompanied John O. Snyder in the field to conduct a fish
survey in the Bonneville Basin, Utah.

Figure 3.39

Figure 3.38

Sir James Hector, on chair next to whale skeleton
in New Zealand.

Hector explored much of the upper Columbia Basin and observed
salmon spawning at the source of the Columbia River in Columbia and
Windermere Lake. He published his journal upon his return to Britain.
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Carl Leavitt Hubbs, and his wife Laura Hubbs,
Scripps Institute of Oceanography.

From 1917–1920, Hubbs became Assistant Curator of Zoology
in charge of fishes, amphibians, and reptiles at the Field Museum
of Natural History in Chicago, Illinois. From 1920–1944, he was
Curator of Fishes at the University of Michigan Museum of
Zoology (UMMZ). In 1927 he received his PhD in zoology from the
University of Michigan. While working for the museum, Hubbs
made a fish collecting trip to eastern Washington in 1926 in the
company of his graduate student Leonard P. Schultz. Hubbs and
Schultz deposited the specimens they collected in the UMMZ fish
collection (Norris 1974; Shor et al. 1987).
From 1944–1969, Hubbs became a professor of Biology at
Scripps Institute of Oceanography in La Jolla, California. During
his tenure at Scripps, Hubbs accompanied movie actor Errol Flynn
on his yacht Zaca on a collecting trip from San Diego to Acapulco
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during the summer of 1946. Commencing in 1946, Hubbs began an
annual census of whales passing by Scripps Institute and in 1952 he
initiated aerial survey counts of whales in calving lagoons in Baja
with Dr. Clifford C. Ewing.
Hubbs served three terms as President of the American Society
of Ichthyologists and Herpetologists in 1934 and again in 1946–
1947. He served as Ichthyological editor of Copeia from 1930–1937
and as review editor for the American Naturalist from 1941–1947.
Hubbs was elected to the National Academy of Sciences in 1952
and as a foreign member to the Linnaean Society in 1965.
During his stay in Michigan, Hubbs collected 523,686 specimens of fish (in 5,035 separate collections, 20,082 lots) for the
UMMZ. During his time at Scripps, Hubbs collected 350,000 specimens (in 2,000 separate collections, 11,000 lots) for the Scripps
Museum. He issued 712 publications throughout his life, almost
entirely devoted to fish. His wife, Laura, collaborated with him
on making many of his collections and coauthored 19 of his papers. Many of them were about hybridization between two species of fish. For example, in the Columbia Basin, Hubbs discovered
largescale sucker Catostomus macrocheilus and bridgelip sucker
Catostomus columbianus can interbreed with one another to form
a fertile hybrid, and that northern pikeminnow Ptychocheilus oregonensis can hybridize with both chiselmouth Acrocheilus alutaceus and redside shiner Richardsonius balteatus. Hubbs also published a revision of the Catostomidae (suckers) (Hubbs 1930). He
published a book Fishes of the Great Lakes Region with coauthor
K. F. Lagler (Hubbs and Lagler 1947, revised in 1958, 1964). Hubbs
and Schultz published papers about the name of the Columbia
River chub (Hubbs and Schultz 1931) and another that described
a new species of sucker from the Columbia Basin that they named
Catostomus synchielus (Hubbs and Schultz 1932), that was later
shown to be junior synonym of the bridgelip sucker, Catostomus
columbianus (Smith 1966).
Perhaps Hubbs's most important contribution was his monograph published in collaboration with Robert Rush Miller that
described correlations between extant and fossil fish distribution and history of the desert basins in the western United States
(Hubbs and Miller 1948). In their monograph, Hubbs and Miller
postulated the existence of a paleodrainage whereby the upper
Snake River was connected to either the Klamath or Sacramento
Rivers. The similarity of both modern fishes and fossil fishes
found in the upper Snake to both the Klamath and Sacramento
Rivers pointed to this. At a later stage, about 2 million years
ago, the upper Snake River was thought to be “captured” by the
Columbia River by a process called headwater capture, when a
channel eroded through Hell’s Canyon. Hubbs later published a
second paper updating this work (Hubbs et al. 1974). His wife collaborated in this update. He also published some of the first papers on Pacific Coast upwelling regimes, which have been since
shown to have a pronounced affect on survival of salmonids entering the ocean.
Hubbs's publications on fishes were as varied as the fishes
themselves. For example, he published papers on “The stickleback;
a fish eminently fitted by nature as a mosquito destroyer” and “The
metamorphosis of the California ribbonfish Trachypterus rex-salmonorum” and “Lamna ditropis, new species, the salmon shark of the
north Pacific.” The latter publication by Hubbs and coauthor W. I.
Follet was published in Copeia 1947:194. Hubbs also prepared a history of ichthyology in the United States after 1850 (Hubbs 1964).

Consult a bibliography prepared by Shar (1974) for a nearly complete list of Hubbs's publications.
His name was given to five genera and 22 species of fish, and
10 other species of plants and animals including a new species of
beaked whale called Mesoplodon carlhubbsi (Norris 1974).
Hubbs was nearly indefatigable. K. S. Norris, one of Hubbs’s
graduate students, told the following story.
“I suspect that very few of his graduate students have
failed to experience ‘collection sorting time.’ When the
days collecting was completed, and we had staggered into
camp, shivering with cold and wet … was it our lot to take
a bit of well earned repose. Not a bit of it! After scant attention to food by him, out came the trays, the notebooks,
the scalpels, the calipers and the magnifying head loups.
Under the harsh light of Coleman lanterns, Hubbs and his
equally indefatigable wife Laura – and the gaggle of students still capable of self discipline – started sorting. While
… the professor counted, slit, sorted [and] measured … every last fish [that] passed beneath his head loup … his wife
… sat alongside him recording everything with great precision. The process often went on past midnight and … we
wondered if anything would ever slow him down.”

David Starr Jordan (1851–1931)
David Starr Jordan (Figure 3.40) was the most influential of all
North American ichthyologists. He and his students dominated the
field from about 1878–1930. Although, he worked at the University
of Indiana (1879–1891) and Stanford University (1891–1931), he
collected fishes for the Smithsonian and U. S. Fish Commission
(USFC) / US Bureau of Fisheries (USBF) throughout his scientific
career. The specimens were deposited in the fish collections at the
United States National Museum (USNM) or at Stanford University.
The Stanford University (SU) collection was later merged with the
California Academy of Sciences (CAS) fish collection. Spencer
Fullerton Baird, director of the Smithsonian, provided financial
support and collecting equipment, and Jordan supplied the student power to conduct fish surveys throughout the United States.
Much of Jordan’s work was published in the journals of the USNM,
USFC or USBF.

Figure 3.40

David Starr Jordan, Stanford University.

Jordan completed a MS degree in Botany from Cornell University
in 1872. During the 1872–1873 academic year he began his aca-
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demic career at Lombard College, a parochial college supported
by the Universalists. He was let go at the end of the spring term
because the University trustees thought that his teaching students about the geological age of the earth was blasphemous.
During the next two years he worked as principal of Appleton
Collegiate Institute in Wisconsin and taught high school science
in Indianapolis, Indiana. During the summers of 1873 and 1874 he
worked with Louis Agassiz. While teaching high school in
Indiana, Jordan obtained an MD degree at Indiana Medical
College. From 1875–1879, while working at Butler University as
professor of natural history, Jordan also obtained a PhD degree
there. In the summer of 1879, Jordan resigned his position at
Butler where the Trustees had passed a resolution stating that it
was their policy that all professors should be members of the
Christian Church.
In the fall term of 1879, Jordan taught at the University of
Indiana, where he eventually became chairman of the Department
of Natural Sciences. In 1885, Jordan, at the tender age of 34, was
selected as president of the University. He was the youngest college
president ever to preside over a major American University. During
his six years as President at Indiana University, Jordan instituted the
concept of a major field of academic study for undergraduate college students, a policy that was later adopted at most college campuses throughout the country. From 1891–1913, Jordan served as the
first president of Stanford University. He was afterwards Chancellor
from 1913–1916, and Chancellor Emeritus from 1916–1931.
Jordan became the president of the Indiana Academy of
Science in 1887, the California Academy of Science in 1895, and the
American Association for the Advancement of Science in 1921. In
1891, he also became a charter member of the Sierra Club.
By the early 1900s, Jordan’s attention turned toward world peace.
Jordan served as the director of the World Peace Foundation from
1909–1911 and attended the World Peace Congress in the Hague in
1913. Jordan’s convictions led him to speak out against the United
States entry of the First World War. However, after Congress declared war in 1917, Jordan decided to cease speaking out against the
war because it was “neither wise nor reasonable to oppose in any
way the established policy of the nation” (Jordan 1922).
In 1924, the American Civil Liberties Union asked Jordan to
be an expert witness on behalf of the defense at the famous John
Scopes “Monkey” Trial in Tennessee. The trial is best known for
its oratory between prosecuting attorney William Jennings Bryan
and defense attorney Clarence Darrow. Jordan’s had grudgingly
come to accept evolution as a tenable theory. He had studied under
Louis Agassiz, who had rejected Darwin’s ideas and Jordan himself
was initially skeptical about evolution. However, he had gradually
been won over by the merits of the theory.
By all accounts Jordan was “a wonderful teacher” and “he drew
about him a big percentage of the best students in the University”
(Evermann 1930). In 1878, he took a group of students on a month
long hiking trip through Kentucky, Tennessee, the Carolinas and
Georgia covering 550 miles and climbing several of the highest
mountain peaks in the southern Appalachians. Later he took a
group of students on a hiking trip through Europe. On these trips,
Jordan took several young women with him and expected them to
perform as well as the men.
In 1883, the Science building at the University of Indiana
burned to the ground. Jordan’s specimen collections and several
manuscripts which he was working on were destroyed. Thereafter,
140

he developed the habit of completing manuscripts soon after field
data was collected and promptly publishing them.
On one occasion when Jordan was conducting a fish survey in
the Rio de las Animas Perdidas (the River of Lost Souls) he was attempting to cross the river by stepping on stones when he slipped
off one and plunged up to his neck in ice cold water. Jordan, who
was also well known for his dry wit and humor, upon reaching the
shore casually remarked between shivers and chattering teeth, “I
have always understood that the place where lost souls go is a good
deal warmer than that” (Evermann 1930).
Jordan collected fish “in every state and territory in the United
States” and also Nova Scotia, New Brunswick, British Columbia,
Manitoba, Yukon Territory, Hawaii, Kamchatka, Samoa and Japan
(Evermann 1930).
In the summers of 1880–1882, Jordan, along with Charles H.
Gilbert and Barton W. Evermann made an ichthyological survey
of the west coast from San Diego to Puget Sound, which included
a census of the Pacific Coast Fisheries. Jordan and his coworkers
collected a number of specimens simply by touring the fish markets in all of the major port cities and purchasing the fish. Most of
those specimens were sent to the USNM. “It was this work that led
Jordan and Gilbert 1883 to write their Synopsis of Fishes of North
America…, which gave the first great impetus to the study of North
American Fishes” (Evermann 1930). Jordan and Evermann conducted surveys of the Interior Northwest in eastern Washington,
Idaho, western Montana, and northwestern Wyoming in 1891 and
1892, and along the entire U. S. Canadian boundary in 1908.
Jordan’s three most influential works were the aforementioned
Synopsis of the Fishes of North America (Jordan and Gilbert 1883),
The Fishes of North and Middle America with coauthor Barton W.
Evermann published between 1896 and 1900, and his Checklist of
the Fishes of North America with coauthors Barton W. Evermann
and Walton C. Clark published in 1930.
The Fishes of North and Middle America was Jordan’s crowning achievement. It was a monumental compendium of all fishes
known to occur in the fresh and salt waters of America north of the
isthmus of Panama. It contained 3,313 pages and 392 plates and was
published in four volumes: volume 1 (1896, pp. 1–1,240), volume
2 (1898a, pp. 1,241–2,183), volume 3 (1898b, pp. 2,183a–3,136), and
volume 4 (1900, pp. 3,137–3,313). This publication was an update
of Jordan and Gilbert’s (1883) Synopsis. The fishes were arranged in
phylogenetic order, based on the classification of Theordore Gill. It
was also well illustrated with plates of many species that were accomplished by illustrators working for the Smithsonian.
Jordan was a prolific writer,. His works were divided equally
about his studies of fishes on the one hand and his views about
education and politics (especially world peace) on the other.
In 1922, he published his autobiography The Days of a Man in
two volumes (volume 1 covering 1851–1898 and volume 2 covering 1900–1922), which included many poems that he wrote.
A bibliography of Jordan’s writings compiled by Alice N. Hays
(Stanford University Publications, Volume 1), listed 645 ichthyological writings and 1,373 general writings authored or coauthored by Jordan.
Although it is not possible to obtain an accurate accounting
because most Jordan’s early collections were lost to fire while at
Indiana University (1883) and the Great San Francisco Earthquake
while at Stanford, Jordan and his students discovered more than
2,500 species of fish, and named 1,085 of them. Among those was
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the golden trout Oncorhynchus mykiss aguabonita (Jordan 1893)
which was introduced into high mountains of lakes in the Cascade
Mountains of Washington from its native range in the Sierra
Nevada Mountains in California.
Jordan also had a NOAA research vessel, the RV David Starr
Jordan, several high schools and middle schools in California,
Jordan Hall (home of Indiana University’s Department of Biology)
and Jordan Hall (home of Stanford University’s Psychology
Department) named after him. At least 3 genera, 29 species of
fishes, and 1 genus of salamander were also named in his honor.
Among them was the blind cave tetra Astyanax jordani.

physician in the Pacific Railroad Survey (1853–1854), the United
States Mexican Boundary Survey (1854–1855) and the Northwest
Boundary Survey (1857–1861). In each of these surveys, he sent
natural history specimens, including many species of fishes, back
to the Smithsonian. Kennerly died at sea on his way back to
Washington DC from the Northwest Boundary Survey.

Chancey Juday (1871–1944)
Chancey Juday (Figure 3.18) was a limnologist who will forever be
linked with E. A. Birge as in Birge-n-Juday. Both Juday and Birge
are credited with founding the science of limnology in North
America through their pioneering studies on Lake Mendota,
Wisconsin. Later the two men studied many types of lakes in
northern Wisconsin and developed a classification scheme for
lakes based on nutrient inputs and lake morphometry. Juday then
turned his attention to zooplankton and developed the Wisconsin
vertical tow plankton net and the Juday plankton trap in order to
make detailed studies of them. He was the first person to record
that plankton make daily vertical migrations from the bottom to
the surface waters at dusk and dawn.
Juday graduated from the University of Indiana in 1897, where
he was a student of Carl Eigenmann. From 1898–1900 he taught
high school at Evansville, Indiana. From 1900–1901 he was employed as a biologist working of the Wisconsin Geological and
Natural History Survey. He was hired as a visiting assistant professor at the University of Colorado (1903–1904) and an instructor
in the Zoology Department at the University of California (1904–
1905). He returned to Wisconsin in 1905 and spent the rest of his
career there. He served as biologist with the Wisconsin Geological
and Natural History Survey from 1905–1931. After 1908, he also lectured in the University of Wisconsin Zoology Department. In 1931,
he was elevated to the rank of professor of Limnology and served
in that capacity until his retirement in 1941.
Juday served as president of the Ecological Society of America
(1927) and the American Limnological Society (1935–1936).
Throughout his career, Juday worked with personnel from the
United States Bureau of Fisheries to train them as limnologists. For
example, he trained George Kemmerer, who conducted the first limnological survey of lakes in eastern Washington and north Idaho
in 1908. He was also hired to edit the final report of this and many
other surveys conducted by the Bureau. Juday, himself, occasionally
made surveys for the Bureau, notably in Alaska, where he was the
first person to report that the nutrient contribution made by decaying corpses of sockeye salmon constituted a substantial proportion
of the total annual nutrient budget of sockeye nursery lakes.

Caleb Burwell Rowan Kennerly
(1829–1861)
Caleb B. R. Kennerly (Figure 3.41) attended Dickinson College
in Carlisle, Pennsylvania, while Spencer Fullerton Baird was a
Professor of Natural History there. After his graduation in 1849, he
studied medicine at the University of Pennsylvania and received
his MD degree in 1852. After this, he participated as a naturalist and

Figure 3.41

Caleb Kennerly, Northwest Boundary Survey.

Dr. Charles Girard and Dr. George Suckley published papers
describing the fish specimens obtained by Kennerly. Suckley (1861)
named the land-locked form of sockeye salmon (commonly called
kokanee), collected from Christina Lake (Kettle River drainage)
during the Northwest Boundary Survey, for Kennerly, calling it
Salmo kennerlyi. Suckley’s name was invalid. Suckley’s name has
been reduced to a subspecies or variant of sockeye salmon and
is now called Oncorhynchus nerka kennerlyi (Suckley, 1861) or
Oncorhynchus nerka var. kenneryli (Suckley, 1861). In fact, many
authors do not even recognize the validity of kokanee as a subspecies (Nelson 1968; Scott and Crossman 1973) and simply call it
Oncorhynchus nerka (Walbaum, 1792).

Jared Potter Kirtland (1793–1877)
Jared Potter Kirtland (Figure 3.42) was a scientist, horticulturist,
and physician, who received the first MD degree ever granted by
Yale University in 1815. During his career he was also a naturalist
and politician who was elected to three terms in the Ohio State
Legislature (1828–1834).
Educated about natural history by his grandfather, by the age
of 12 he knew how to graft fruit trees and produce new varieties of
fruit by making hybrid crosses. Also, at 12 he was already familiar
with the Linnaean System of classifying plants and animals.
In 1810, he moved from Connecticut to Ohio. On this trip he
passed through Buffalo, New York which is where he first became
interested in fishes. From 1836–1837, Dr. Kirtland was placed in
charge of zoology during the first Ohio Geological Survey. The survey only received limited support from the Ohio State Legislature.
Dr. Kirtland suspended his own pay and personally paid the stipends of his assistants so that zoological collections could continue
(Waite 1930). His pioneering work on Fishes of Ohio was published
in the journal of the Boston Society of Natural History from 1839–
1846 because the Ohio Legislature did not appropriate funds for its
printing. In this work Kirtland untangled much of the confusion
in Samuel Constantine Rafinesque’s Ichthyologia Ohioensis. (See
biographical sketch page 149). In 1850, he republished his work
on The Fishes of Ohio and extended it in a popular weekly journal
called the Family Visitor.
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Figure 3.43

Figure 3.42

Jared Potter Kirtland, Ohio Geological Survey

In 1843, Dr. Kirtland was a founder of the medical school at
Western Reserve University in Cleveland, Ohio. He taught medicine there until he reached the age of 71 in 1864. In 1864 he was
elected to the American Academy of Sciences.
During his career he published over 200 papers, about 70 of
them relating to zoology. He named one species of fish that was introduced to eastern Washington in the late 1990s, the brook stickleback Culaea inconstans (Kirtland, 1841).

Bernard Germain-Etienne Lacépède (1756–1825)
and George Buffon (1769–1832)
Bernard Germain-Etienne de la Ville-sur-Illon, Comte de
Lacépède (Figure 3.43a) was a French naturalist, composer and
novelist. Besides composing two operas, he also performed on the
piano and organ. He worked with Georges Louis LeClerc, Comte
de Buffon (aka George Buffon) (Figure 3.43b) at the Jardin du Roi,
a natural history museum, in Paris. Buffon wrote the 44 volume
Histoire naturelle published over a 55 year period (1749–1753),
which described all known plants and animals in the world.
At one point in his career, Buffon, a fierce French Nationalist,
got into a public argument with Thomas Jefferson, who was an
amateur naturalist. Buffon wrote an article for a French natural
history journal that noted the big game mammals of Europe were
superior in every respect to those from North America. Jefferson,
a subscriber to the journal, responded by writing a letter to the
editor, rebuking Buffon for poor scholarship and rebutting him by
pointing out that there were only 14 species of big game mammals
native to Europe compared to 74 species native to North America.
Buffon countered Jefferson’s criticism by noting that the big game
mammals of North America were smaller than those from Europe.
Jefferson responded by sending the museum where Buffon was
working the skeletons of caribou, elk, moose, and a nine foot high
stuffed grizzly bear.
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(A) Bernard Germain-Etienne Lacépède, Jardin
du Roi. (B) George Buffon.

Buffon was one of the first naturalists to break with the Natural
Theology Doctrine of a young earth. To keep the faith, he developed
the strategy of treating the seven days of creation as an allegory that
actually represented seven epochs of time. Buffon was also one of
the first naturalists to consider the possibility that over time the
characteristics used to identify an animal might undergo modification (i.e., evolve). He came to this conclusion by applying biogeography. He noted that the African and South American continents had
the same general types of animals (e.g., monkeys, big cats, anteaters,
etc.) but the species on each continent were different. He pointed out
that the east coast of South America and the west coast of Africa fit
together like the pieces of a jigsaw puzzle, indicating, perhaps, that
they were once connected. He speculated that the animals on both
continents were once identical when the continents were connected,
but that they slowly diverged as the continents separated and they
became geographically isolated from each other. Thus, he was the
first person to suggest “descent with modification”. For his trouble,
on 15 June, 1751, Buffon was brought before the Inquisition and told
that his views of natural history contradicted religious views of creation. Buffon acknowledged the infallibility of church authority and
promised to conform to church doctrines.
Buffon finally decided that species were fixed and reproduced
according to their kind, as he wrote:
“Species are groups of animals that can interbreed to produce fertile offspring and not sterile mules. We should regard
two animals as belonging to the same species if by means of
copulation they perpetuate themselves and preserve the likeness of the species, and we should regard them as different
species if they are incapable of producing progeny by the same
means. Thus, the fox will be known to be a different species
from the dog if it proves to be a fact that from mating of a
female fox and male dog, or vice verse, no offspring is born.
And even if there should result a hybrid offspring, a sort of
mule, this would suffice to prove that fox and dog are not of
the same species inasmuch as this mule would be sterile….
It is possible that the horse, donkey and mule might
be regarded as constituting a single family … produced by
direct descent from another predecessor species or one another. If, for example, an ass is a degenerated horse, then
there would not be any limit to the generative power of nature, and we should not be wrong in supposing that, with
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sufficient time, she has been able from a single being to
derive all other organized beings. But this is by no means a
proper representation of nature. We are assured by the authority of the revelation that all animals have participated
equally in the grace of direct creation and that the first
pair of every species issued fully formed from the hand of
the creator.”

Charles-Alexandre LeSueur (1778–1846)

I am uncertain whether, by this last statement, Buffon really believed his proffered sentiments or whether it was a sly (clever) way
of stating his former views in such a way as to not anger members
of the Inquisition. However, Buffon listed three arguments that
supported special creation and refuted evolutionary descent:
1.

Within recorded history no new species have been
known to appear.

2.

The infertility of hybrids establishes an impassable
barrier between species.

3.

If one species originated from another, this could
only occur slowly and by gradation, so there should
be intermediate forms. He did not see any evidence
of intermediate forms in the vertebrate fossil record.

No doubt Buffon’s influence caused Lacépède (1800) to speculate about the origin of species:
“The species can undergo such a large number of modifications in its forms and qualities, that without losing its
vital capacity, it may be, by its latest conformation and
properties, further removed from its original state than
from a different species: it is in that case metamorphosed
into a new species.”
Thus, it appears that Lacépède had also anticipated Darwin’s
notion of “descent with modification” by about 58 years.
Lacépède is best known for his publications that continued
Buffon’s Histoire naturelle, including the first great natural history
of fishes Histoire naturelle des Poissons in 5 volumes between 1798
and 1803. In these books Lacépède named hundreds of new species of fish from all around the world, including both the smallmouth Micropterus dolomieu (Lacépède, 1802) and the largemouth
Micropterus salmoides (Lacépède, 1802) bass, which have been introduced in eastern Washington.
Lacépède was also an earlier worker pressing for zoo reform by
giving animals more space to roam in habitats that were similar to
their natural habitat (Murphy and Iliff 2004).
After 1804, Lacépède dropped out of the scientific scene and
took up a career as a politician. During the French Revolution
Lacépède fled Paris to escape the Reign of Terror (la Terrur), a period of 15 months between 5 September 1793 and 28 July 1794 in
which about 40,000 Frenchmen and women, who were considered enemies of the Revolution, were executed, many guillotined.
Lacépède disapproved of the executions and therefore became a
target himself. After la Terrur, he resumed his duties as a politician
until his death in 1825.
In 1803 and 1804, Lacépède corresponded with Thomas
Jefferson about the route to be taken by Lewis and Clark. Lacépède
(correctly) predicted that the closest river to the headwaters of the
Missouri would be the Columbia and provided Jefferson with all
the information that he had about the navigability of the Columbia.

Charles-Alexandre LeSueur (Figure 3.44), born in Le Havre, France,
was the son of a French Navel officer. LeSueur attended a naval academy in Le Havre, where he became a midshipman and draftsman.
His sketches and mechanical drawings so impressed Commander
Nicholas Baudin, that Baudin personally recruited LeSueur for his
expedition to Australia and Tasmania. LeSueur, at age 23, became
the expedition’s principle artist and, after the death of one of the
expedition’s zoologists, he was apprenticed to Francois Péron, the
expedition’s other naturalist. The expedition lasted four years (1800–
1804). Scurvy and dysentery plagued the voyage. Péron wrote,
“Already several men [have] been consigned to the deep
… more than half our crew were incapable of any duty;
and of our helmsmen, two alone could keep the deck. The
progress of the epidemic was frightful…. Three-fourths of
a bottle of fetid water was our daily ration; during more
than a year we tasted no wine … our biscuit was full of
insects; all our salt provisions were rotten … so offensive
were these meats, that the most hungry sailors, refusing
to partake of them … threw their rations into the sea….
In May 1802 … not a single person was exempt from the
scurvy. Of the crew, but 12 men out of 170, were in a condition to do their duty.”
LeSueur almost died when on the island on Timor, while in
pursuit of some monkeys, he was bitten on the heel by a viper. His
entire leg went numb and soon became rigid (Ord 1849). He hightailed it back to the nearest town, where the local surgeon cut a
good chunk of flesh out of the wound, then cauterized it and applied a compress impregnated with ammonia, which broke down
the venomous proteins. LeSueur published a paper about this experience in 1839.

Figure 3.44

Charles-Alexander LeSueur, Museum d'Histoire
Naturelle du Havre.

Together, Péron and LeSueur collected over 100,000 zoological
specimens that they brought back to France. When their specimens and LeSueur’s 1500 drawings and paintings were examined
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by a select committee at the Museum of Natural History in Paris
that included the illustrious George Cuvier and Bernard GermainEtienne Lacépède, the committee’s report concluded,
“Péron and LeSueur alone have discovered more new
animals then all the [other] traveling naturalists of modern days [combined]…. Fifteen hundred drawings or
paintings, executed by M. LeSueur, with extreme precision,
reproduce the principal objects which were collected by his
careful industry…. All these drawings, either made from
living animals or recent specimens, form the most complete and the most precious series of the kind that we have.”
The French Government then gave Péron and LeSueur each a
lifetime pension so that they could curate, describe and name all
the new species they had collected. The two men shared an apartment and worked together on their specimens until Péron took ill
and died in 1810. LeSueur continued to publish papers from the
expedition until 1839.
In 1815, LeSueur joined an expedition to the United States and remained there for the next 22 years. LeSueur worked out of Philadelphia
from 1816–1825, and New Harmony, Indiana from 1826–1837. While in
Philadelphia he was one of the founders of the Academy of Natural
Sciences of Philadelphia in 1817. In 1826, he arrived in New Harmony,
Indiana in the famous “Boatload of Knowledge”, which were a group
of intellectuals who attempted to establish a socialist (utopian) colony
there. While in America, LeSueur became an expert in the field of
ichthyology. He studied the fishes of the Ohio River Valley, Wabash
River, and Great Lakes region. LeSueur’s most important publication
was a monograph on the genus Catostomus (suckers) (Jordan 1895).
LeSueur was in a kind of competition with another naturalist, Samuel Constantine Rafinesque (see biographical sketch page
149), to see who could name the most new species. In 1895 the
eminent David Starr Jordan had this to say about the two men:

He remained at New Harmony until 1837, the year French
Government notified him that they were going to revoke his pension, which he still drew annually, unless he returned to France
and gave his time and talents to his native country. LeSueur returned to France and in 1845 was appointed the Curator of the
Museum d’Histoire Naturelle du Havre. His home town created
this museum to house LeSueur’s paintings and drawings.

Carolus von Linné (1707–1778)
Carl Linnaeus (Figure 3.45) was also called Carolus Linnaeus
(the name he used on most of his publications) or Carolus von
Linné (the name he used after he was ennobled in 1761). He was
a Swedish botanist, naturalist and doctor who is considered to be
the father of modern taxonomy because he developed a system of
naming organisms (binomial nomenclature) and a system of classifying them (Linnaean hierarchy).
After taking classes at Uppsala University from 1728–1731,
Linnaeus received a grant from the Academy of Sciences at
Uppsala to make an expedition to the wild and unexplored regions
of Lapland; the land of midnight sun, aurora borealis and permafrost in the countries of Norway, Sweden, and Finland, above the
arctic circle. His purpose was to catalog the plant and animal communities of the northern boreal forest and arctic tundra biomes in
this region. He journeyed to the shores of the Arctic Ocean. In 1734
he mounted another expedition to central Sweden. Upon returning from the latter expedition, Linnaeus moved to the Netherlands
in 1735 where he earned an MD degree from the University of
Harderwijk in just six days based on a thesis about malaria and on
his publication of the Systema Naturae (Linnaeus 1735).

“His [LeSueur’s] descriptions are clear, exact, and honest. His drawings are not only accurate, but spirited. They
are works of art rather than mechanized representations….
LeSueur had, what Rafinesque had not, sound sense and
faithfulness in the study of details” (Jordan 1895).
Professor Richard Owen, a fellow resident of LeSueur’s at New
Harmony and Chairman of the Biology Department at the University
of Indiana, wrote that when LeSueur went fishing with others
“He always exchanged his fine common fishes for the
smallest and, to them, the most indifferent-looking, when
he recognized some new species or even variety. This item
I have from Mr. Sampson, who is well acquainted with
the fish of the Wabash, but who confessed he could see no
difference in many caught until Mr. LeSueur, who at once
detected the differences, had pointed them out…. He was
a magnificent artist, good alike in drawing and coloring.”
LeSueur named five species of fish that were introduced into
eastern Washington: yellow bullhead Ameiurus natalis (LeSueur,
1820), brown bullhead Ameiurus nebulosus (LeSueur, 1819), blue
catfish Ictalurus furcatus (LeSueur, 1819), banded killifish Fundulus
diaphanous (LeSueur, 1827), and black crappie Pomoxis nigromaculatus (LeSueur, 1829). LeSueur also named the variant of the redfin
pickerel that occurs in eastern Washington, called the grass pickerel Esox americanus var. vermiculatus (LeSueur 1846).
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Figure 3.45

Carl Linnaeus, University of Uppsala

The Systema Naturae revolutionized biology. In this book,
Linnaeus introduced:
1.

The idea of using couplets (telegram style diagnosis)
for keying plants and animals.

2.

A system of binomial nomenclature for naming and
classifying plants and animals, first suggested by Casper
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Bauhin (1653). Prior to binomial nomenclature plants
and animals were given a horrible long list of Latin
names, which students were required to memorize. For
example, before Linnaeus, the name of yarrow was
Achillea foliis duplicato-pinnatis glabris laciniis linearibus acute laciniatis. In Linnaeus’s binomial system it
became Achillea millefolium. Linnaeus developed this
concept by carefully watching students that he took on
field trips. Typically, they would not write down all the
Latin names for yarrow. Instead, they abbreviated it,
Achillea No. 5, which would potentially create massive
confusion if a different species was designated Achillea
No. 5 at a different site. Linnaeus’s solution was to
borrow and improve upon his students’ ideas. He gave
each species a Generic name (or group name to which
the species belonged) plus a specific epithet (or trivial
name) that uniquely identified the species within the
Genus. Thus, the same organism would have the same
name no matter its geographic location.
3.

4.

At the present time, approximately 1.5 million species of plants
and animals have been named and classified using Linnaeus’s scheme.
In 1738, Linnaeus returned to Sweden and by 1741 he was teaching botany and medicine at the University of Uppsala. In her book,
A History of Life Sciences, Lois Magner stated that Linnaeus was
considered to be “practically a National monument, too valuable
to be risked.” The University encouraged adventurous graduate
students to travel to far-off, exotic lands and be exposed to the
danger in collecting specimens, then send them back to Linnaeus.
Nineteen of Linnaeus’s students went out on expeditions. Many (at
least five) died on their travels. Linnaeus wrote, “The death of many
whom I induced travel has turned my hair gray and what have I
gained? A few dried plants with great anxiety, and unrest, and care.”
Natural theology strongly influenced Linnaeus as indicated by
the following passages from his publications. The first passage relates directly to the species question and special creation:
“It becomes more sufficiently evident to everybody that
each living being is propagated from an egg and that every egg produces an offspring closely resembling the parent.
Hence, no new species are produced nowadays…. As like
always gives like, so it is necessary to attribute this progenitorial unity to some omnipotent and omniscient God
whose work is called Creation….”

He arbitrated and standardized synonyms.
Naturalists in different countries had called the same
species by different names. In his book, he named
a particular organism then noted what it was called
by biologists in different countries. For the first time,
the world community of naturalists could talk the
same language.

The second passage illustrates how he was locked into the concept of purposeful design:
“All created things have to serve a purpose. Some plants
are for medicine, some organisms are meant for human
food and so on. The all wise Creator did not do anything
in vain but created everything for a special purpose or
for the benefit of somebody or something. It is our task
to discover these intended uses, and this is the purpose of
natural history.”

He introduced the Linnean Hierarchy for classifying
organisms, i.e., he grouped organisms into Classes,
Orders, Genus, and Species. This scheme has been
modified to incorporate additional categories. The
modern Hierarchy of Classification includes the
following categories: Kingdom, Phylum, Class, Order,
Family, Genus, and Species.

Linnaeus believed that it was his task in life to complete the assignment that God gave to Adam of naming each type of plant and
animal. Linnaeus humbly put it this way, “Deus creavit, Linnaeus
disposuit,” Latin for “God created, Linnaeus organized.”
The Systema Naturae made Linnaeus instantly famous. It sold
like hotcakes. The 10th edition was published in 1758. The scientific names published in the 10th edition are the oldest valid set of
scientific names. i.e., his 10th edition of the Systema Naturae (1758)
has been accepted by international agreement as the official starting point for zoological nomenclature. Scientific names published
before then have no validity unless they were adopted by Linnaeus
or by later authors. Linnaeus named and described 4,400 species
of animals and 7,700 species of plants. In his book The Discoverers,
Daniel J. Boorstein, a curator at the Smithsonian Institute, stated
of Linnaeus’ feat,
“When was another such colossal feat of name-giving
since the creation? Any parent who has had to name a
child can imagine the enormous task of christening that
Linnaeus completed in a single year. Even before his death
his names and his schemes were adopted by his European
colleagues. His choices proved themselves over the centuries, and would reach across the world. Linnaeus made a
world community of naturalists.”

Linnaeus developed a clockwork garden to demonstrate that, although wildflowers appeared to grow randomly in fields, there was
actually an orderly pattern to this chaos. He planted flowers that
bloomed in different seasons (spring, summer, and fall) in concentric circles, to indicate season. Within each seasonal circle, he planted
plants that bloom in early morning at the 8 am position, those that
bloom in midday at the noon position of the circle and on. He attempted to show that despite its apparent randomness, the biological
world was as precise, regular, and harmonious as a clockwork.
During the time he was a student at Uppsala, Linnaeus met,
and became fast friends with, a fellow student naturalist / ichthyologist named Peter Artedi (1705–1735). Artedi drowned by falling
into an unlit canal one night in Amsterdam while on a pub crawl.
Artedi left a detailed manuscript on fishes, titled Ichthyologia sive
opera omnia de piscibus, which Linnaeus edited and had published
under Artedi’s name in 1738.
Dr. Alexander Garden of Charleston, South Carolina, a physician, botanist, and one of the earliest American naturalists, corresponded regularly with Linnaeus. For many years in the middle
1700s, Garden regularly sent Linnaeus specimens of fish, reptiles,
and plants from America, together with notes upon their collection so copious that they filled two volumes. Linnaeus named the
Gardenia in his honor. Garden used a unique method to preserve
his fish specimens. Instead of pickling them in alcohol like most
ichthyologists of that time, Garden’s method was to make a mid-
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saggital cut, offset slightly so as to leave the median fins intact.
Then, after fully extending the fins, he pressed it in a botanical
press. After it had partially dried, he varnished the specimen with
several coats of clear shellac and glued it to the herbarium paper.
Linnaeus used these specimens and notes to describe these fishes
in the tenth edition of his Systema Naturae.
After Linnaeus’s death, the University at Uppsala sold his collections to the Linnaean Society in London. The fish specimens prepared
in the manner described above were so well preserved that in 1883,
American ichthyologists G. Brown Goode and Tartleton H. Bean of
the United States Fish Commission were sent to London to examine
them. Goode and Bean published their results in 1885 [Proceedings
of the United States National Museum 85 (No. 13): 193–208].
Linnaeus named two species of fish that are native to eastern
Washington: burbot Lota lota L., 1758 and threespine stickleback
Gasterosteus aculeatus L., 1758.
Linnaeus also named six species of fishes that have been introduced to eastern Washington: goldfish Carassius auratus L., 1758;
carp Cyprinus carpio L., 1758; tench Tinca tinca L., 1758; northern
pike Esox lucius L., 1758; Atlantic salmon Salmo salar L., 1758;
brown trout Salmo trutta L., 1758; and pumpkinseed Lepomis gibbosus L., 1758.

John Keast Lord (1818–1872)
John “Jack” Lord (Figure 3.46) was a British veterinarian and
naturalist. After receiving his degree in veterinary surgery in 1844,
he disappeared for about 11 years before resurfacing in a British
Artillery regiment during the Crimean War in 1855–1856. From
1858–1862 he served as naturalist and veterinarian working for the
British North American Boundary Commission. The Boundary
Commission surveyed and marked the Boundary between British
Columbia, Washington, Idaho, and Montana. Upon completion
of the survey, Lord published The Naturalist in Vancouver Island
and British Columbia in two volumes in 1866 and At Home in the
Wilderness What to do There and How to do it: A Handbook for
Travellers and Emigrants in 1876. After the Boundary Survey he
was involved in archaeological and scientific exploration on the
Red Sea Expedition in Egypt. In 1872, he was appointed manager of
the Brighton Aquarium, a few months before his death.

During the four years he spent surveying the Canada, United
States boundary, Lord sent many fish specimens to Albert Günther
at the British Museum and made many detailed observations about
Indian fisheries in eastern Washington. For example, he noted that
chinook salmon made their appearance at Kettle Falls in mid June
and the fishing season lasted for about two months.
Indians assembled three weeks before the salmon to prepare
their fish apparatus. Salmon baskets at Kettle Falls were constructed before the spring freshet. Poles made from falling “huge
trees”, requiring several men to role into place, were suspended
over the falls. Wicker baskets 12 feet long constructed of red osier
dog wood were lashed between two of the protruding poles.
“By this time the river [began] to flood rapidly and
soon washe[d] over the rocks where the trees [were] fastened, and into the basket, which is soon in the midst
of the waterfall, being so contrived as to be easily accessible from the rocks not over washed by the flood…. The
baskets [were] hung in place where past experience has
taught Indians salmon generally [go], in their attempts
to clear the falls…. They arrive in such vast numbers during the height of the ‘run’ that one could not well throw a
stone into the water at the base of the falls without hitting
a fish. Fifty [or] more soar in the air at a time leaping
over the wicker traps, but, [many of them failed in their
attempts to leap the falls and fell back into the baskets]
and were caged. In each basket, two naked Indians are
stationed all day long and, as they are under a heavy fall
of water, frequent relays are necessary. Salmon three or
four at a time in rapid succession, tumble into the basket. The Indians thrust their finger under the gills, strike
the fish on the head with a heavy club, and then fling
them on the rocks. I have known 300 salmon landed from
one basket betwixt sunrise and sunset, varying in weight
from twenty to seventy five pounds.
From the heaps of fish piled on the rocks boys and
girls carry and drag them back to … curing houses. With
sharp knives [the women] rip the salmon open, twist off
the head and cleverly remove the backbone; then hanging
them on poles, close under the roofs of sheds, the sides
of which are open, they dry them slowly, small fires being kept constantly smoldering on the floors. The smoke
serves to keep the flies away and perhaps also aids in the
preservation of the fish.”
Lord (1866) also reported that white sturgeon were taken in the
Columbia River 800 miles above Kettle Falls. During the spring
freshet the Columbia River rose about 30 feet. During the freshet,
which coincided with the sturgeon spawning season, Lord reported that sturgeon were continually leaping.
“As you are paddling quietly along in a canoe, suddenly
one of these monsters flings itself in the air many feet
above the surface.”

Figure 3.46
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John Keast Lord. Image courtesy of the Library of
Congress, US-PD.

This leaping behavior was not observed when the Columbia
River returned to its channel during periods of low water.
Lord (1866) was also the first person to describe the spawning
behavior of the three-spined stickleback Gasterosteus aculeatus.
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Robert Rush Miller (1916–2003)

Samuel Latham Mitchill (1764–1831)

Robert R. Miller (Figure 3.47) received his PhD in Zoology from the
University of Michigan in 1944. He was a student of Carl L. Hubbs.
He later married Hubbs's daughter, Francis, whom he met in the
summer of 1930 when he joined the Hubbs family on a fish collecting expedition to the Great Basin. Miller and his wife worked as an
inseparable team throughout his career, although “she chose to be
a silent partner as far as publication was concerned.” (http://www.
desertfishes.org/obits/RRM/RRM_bio.html “Biography of Robert
Rush Miller” by Dr. G. R. Smith). Miller was an Associate Curator
of Fishes at the United States National Museum (Smithsonian)
from 1944–1948, then returned to the University of Michigan to
become an Associate Curator of Fishes at the Museum of Zoology
(UMMZ) and a Professor in the Zoology Department. He remained
at UMMZ for the remainder of his career.
Miller was best known for his work on the desert pupfish
(Cyprinodontidae) in Death Valley, California. In 1948, he published a landmark paper with Carl Hubbs showing that the distribution of fishes in the Great basin could be explained by a
paleodrainage connection to the upper Snake River (Hubbs and
Miller 1948). They later published a second paper about this subject (Hubbs et al. 1974). In 1963, he collaborated with William Sigler
to publish The Fishes of Utah (Sigler and Miller 1963). In 1969, he
published a paper on systematics of the threespine stickleback
along the west coast (Miller and Hubbs 1969). In 1972, he described
the fossil saber toothed salmon Oncorhynchus (Smilodonichthys)
rastrosus (Cavender and Miller 1972) from Miocene and Pliocene
rock formations in Oregon. Miller then focused his attention on
the fishes of Mexico. In 2004, Freshwater Fishes of Mexico was published with W. L. Minckley and S. M. Norris as coauthors.

Samuel Latham Mitchill (Figure 3.48) was an American naturalist,
physician and politician from New York. He was born in New York
but received his MD from the University of Edinburgh, Scotland
in 1786. He taught a variety of subjects, including natural history,
at Columbia College from 1792 until 1801. He was also a politician who served in the New York State Assembly in 1791 and 1798,
the United States House of Representatives in 1801–1802, and the
United States Senate from 1804–1809. He was a strong advocate
for the exploration of the Louisiana Purchase. From 1808–1820,
he taught chemistry, botany and natural history at the College of
Physicians and Surgeons in New York. From 1826–1830 he helped
to found Rutgers Medical College.
Mitchill was also known for his contributions to Ichthyology.
In 1815, he published The Fishes of New York. He also discovered,
named and described six species that have been introduced
to Washington State, including: golden shiner Notemigonus
crysoleucas (Mitchill, 1814), tadpole madtom Noturus gyrinus
(Mitchill, 1817); lake whitefish Coregonus clupeaformis (Mitchill,
1818) brook trout Salvelinus fontinalis (Mitchill, 1814), yellow
perch Perca flavescens (Mitchill, 1818), and walleye Sander vitreus (Mitchill 1818).
Mitchill also published an interesting and vivid account of
a terrifying earthquake that rattled the entire eastern part of
the United States from the eastern seaboard to the Mississippi
Valley, from the Gulf of Mexico to the Great Lakes on 16–17
December 1811. Aftershocks were felt through December of
1813. Mitchill described scenes of an apocalypse, with entire
forests knocked down, land in upheaval, normally placid rivers becoming turbulent, and fires in the sky. (Article published
in Transactions of the Literary and Philosophical Society of New
York Volume 1: 281–307).

Figure 3.47

Robert R. Miller, University of Michigan.
Figure 3.48

All told, Miller collected 495,443 specimens (2,136 collections,
8,964 lots) that were catalogued into the UMMZ. He published over
250 papers during his lifetime. In addition to his basic research on
fishes, a number of them concerned conservation of desert fishes.
Miller also served as ichthyological editor of Copeia from 1950–1955
and as President of the American Society of Ichthyologists and
Herpetologists in 1965. He received an Award of Excellence from the
American Fisheries Society in 1975.

Samuel Latham Michill, College of Physicians and
Surgeons, New York City.

John Treadwell Nichols (1883–1958)
John T. Nichols (Figure 3.49) was awarded a degree in zoology
from Harvard University in 1908 and immediately went to work
for the American Museum of Natural History (AMNH) in New
York City. He continued to work at AMNH until his retirement
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in 1941. During his career he published about 1,000 books and
articles in scientific and popular journals, mostly on fishes, amphibians, and reptiles. He also made many expeditions around the
world to collect specimens.
In 1908 he made a trip to Crab Creek, Lincoln County,
Washington with Barton W. Evermann to collect fishes
(Evermann and Nichols 1909). During the trip they collected
what they thought was a new species of trout they named Salmo
ermogenes and preserved the type specimen in the U. S. National
Museum (USNM). Later R . J. Behnke re-examined the specimen
placed in the USNM and concluded that it was a yellowstone
cutthroat trout Oncorhynchus clarkii bouvieri (Behnke 1979,
1991, 2003). I have found that prior to Evermann and Nichols
visit, the United States Bureau of Fisheries had delivered two
shipments of yellowstone cutthroat trout that were stocked in
tributaries of upper Crab Creek. I have also discovered that
the dominant species of trout in Crab Creek still very much resembles physical descriptions that Evermann and Nichols gave
of Salmo ermogenes. It has vestigial basibranchical teeth, rudimentary cutthroat marks, and a spotting pattern that resembled
a yellowstone cutthroat trout. However, when the Washington
Department of Fish and Wildlife Genetics Lab analyzed them
for us, all those fish tested as the native interior form of rainbow
(redband) trout Oncorhynchus mykiss gairdneri (see more about
this in Volume III, Chapter 16).
In 1913, Nichols founded the journal Copeia and the American
Society of Ichthyologists and Herpetologists (ASIH). In 1923,
Copeia became the official journal of the ASIH. In 1921, he marked
a Box turtle on Long Island by cutting his initials JN21-21 into the
carapace. In 1990, a park ranger recaptured a Box turtle with this
number which is now 103 years old.

Figure 3.49

John Treadwell Nichols, American Museum of
Natural History, New York City.

Nichols also is known for his role in investigating a series of
four terrifying attacks by a great white shark Carcharodon carcharias along the New Jersey shore in 1916 that served as the inspiration for the Peter Benchly novel Jaws (Capuzzo 2001). Nichols
was sent to investigate the death of Charles Bruder, who had
lost both of his legs nearly up to his waist in the attack. Nichols
initially thought that Bruder’s wounds were caused by a killer
whale Orcinus orca because his legs had been torn off in dull
jagged cuts that were reminiscent of the blunt, conical teeth of
that species. Later, the shark moved into a creek to claim its last
two victims and was killed. Nichols was on hand to identify the
culprit as a great white shark. Human remains were removed
from the shark’s stomach.
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Nichols was also the grandfather of novelist John Tredwell
Nichols, author of The Milagro Beanfield War, The Magic Journey,
and The Sterile Cuckoo, three of my favorite novels.

Peter Simon Pallus (1741–1811)

Figure 3.50

Peter Simon Pallus, St. Petersburg Academy of
Science.

Peter Simon Pallus (Figure 3.50) was a German naturalist who
lived in St. Petersburg and worked in Russia. After attending the
Universities in Halle and Göttingen, he received his MD degree from
the University of Leiden in 1760 at the age of 19. He then traveled to
London, Amsterdam and the Hague to explore their natural history
museums. In 1767, Catherine II of Russia extended an invitation of
a professorship at the St. Petersburg Academy of Sciences. Between
1768 and 1774 Pallus led an expedition to the Caspian Sea, Ural and
Altai Mountains, the Upper Amur River, Lake Baikal and Siberia.
This resulted in publications of Reise durch Verschiedene Provincial
des Russischen Reichs (Journey through various Provinces of the
Russian Empire) in three volumes between 1771 and 1776, which is
best known for its descriptions of woolly mammoth fossils, including some intact specimens trapped in Siberian Ice. In volume 3 of this
work he named and gave the original description of the Arctic grayling Thymallus arcticus (Pallus, 1776), a species which has been introduced into some high mountain lakes in the Cascade Mountains of
Washington. He also wrote of Vitus Bering’s discoveries.
Between 1793 and 1794 he led a second expedition to the
Crimea, Black Sea, and Caucasus Mountains. Thence, Pallus undertook publication of his magnum opus Zoogeographica RossoAsiatica (1811–1831), which was published posthumously.

Charles Pickering (1805–1878)
Charles Pickering (Figure 3.8) was an American naturalist and physician. After receiving an AB degree at Harvard University in 1823
and MD from Boston Medical College in 1826, Pickering practiced
medicine in Philadelphia and joined the Philadelphia Academy of
Natural Sciences. From 1838–1842, Pickering participated in the
United States Exploring Expedition as chief zoologist. For part
of 1842, he curated specimens brought back from the expedition.
During this period he arranged with Louis Agassiz to identify and
name the fishes collected in the expedition.
From 1843–1845, Pickering traveled through the Mediterranean,
Egypt, Red Sea, Zanzibar, and India. After this, Pickering returned
to Boston where he began to practice medicine again. He also
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published papers related to the U. S. Exploring Expedition The
Races of Man and Their Geographical Distribution (1848) and The
Geographical Distribution of Animals and Plants (1854).
In 1855, Louis Agassiz and Pickering (in Agassiz 1855) collaborated in naming one native minnow from the Columbia River
in eastern Washington, the chiselmouth Acrocheilus alutaceus
Agassiz and Pickering, 1855.

Constantine Samuel Rafinesque (1783–1840)
Constantine Samuel Rafinesque (1783–1840) (Figure 3.51) was born
in Constantinople, Turkey and grew up in Paris and Tuscany, before emigrating to the United States in 1802. He was educated by
tutors but had no formal University training in natural history. He
was fluent in English, French, Italian and Latin, and published papers in all four languages. From 1802–1804, Rafinesque became apprenticed to a merchant in Philadelphia. On his days off he roamed
the fields and forests of Pennsylvania, Delaware, Maryland, and
Virginia making an extensive personal natural history collection.
He became proficient in herbal medicine and concocted a secret
nostrum called “pulmel” that he marketed as a cure for tuberculosis. He was also an expert in conchology and collected shells
wherever he traveled. He had interests in philology and antiquities.
From 1805–1815, he took a job working as secretary to the United
States Counsel in Sicily, where he studied Mediterranean fishes.
He collected specimens brought to the fish market in Palermo and
identified several species unknown science. Soon after returning
to the United States in 1815, he set off on a collecting trip down the
Ohio River and settled in Lexington, Kentucky, where he took a
position in Botany and Natural Science at Transylvania University
from 1819–1826. It was here he published his most famous work,
Ichthyologia Ohioensis (1820) on Ohio River fishes. The book was
originally published as a serial (of nine articles) in the Western
Review and Miscellaneous Magazine from December 1819 to
November 1820 and eventually published as a single volume (1820).

Figure 3.51

Constantine Samuel Rafinesque, Transylvania
University, Lexington, Kentucky.

Myers (1964) described Rafinesque as “an erratic genius with
much peasant cunning but little system to his enormous memory
and active, voracious mind.” One 19th century educator observed
“no more remarkable figure has ever appeared … in the annals of science … But Rafinesque loved no man or woman.”
Rafinesque was prone to giving scientific names to organisms
that didn’t deserve them, both plants and animals. Louis Agassiz
(1854) noted that, “His misfortune was his prurient desire for novel-

ties and his rashness in publishing them.” The number of genera and
species he introduced was greater than any other taxonomist, and
produced great confusion for both plant and animal taxonomists.
Rafinesque was an enthusiastic but not a careful worker. His
taxonomic descriptions were primarily written, with no figures.
He did not place many voucher specimens in museums, so they
could not be rechecked by other taxonomists. His fish collections
were made during the summer but accounts not written until
winter; his descriptions were “drawn from memory” because he
wrote little down (Jordan 1877). Even Rafinesque morphometric
measures were estimated “by the eye, without the restraint of a tape
line” (Jordan 1877). He even gave new names to fish specimens he
hadn’t personally observed but knew about only from hearsay or
artist’s drawings. Rafinesque’s adventures on the Ohio River with
John James Audubon are legendary in this regard.
Rafinesque visited Audubon's log cabin and spent eight days with
him. Apparently, Audubon decided to have a little fun at Rafinesque’s
expense by presenting him with drawings of two imaginary fishes,
which Rafinesque promptly described as new species, including them
in Ichthyologia Ohioensis (Jordan 1877; Myers 1964). Audubon’s motivation for doing this may have been related to payback. Rafinesque
had battered Audubon's Cremona violin to pieces while using it to
knock down bats in the cabin at midnight (Meyers 1964).
A frustrated Charles Girard (1856:167) believed that “One
should go to the very ground trodden by Rafinesque himself, his book
in hand, during all seasons of the year, aye, even for years in succession, to enable us to discriminate between what Rafinesque really observed and what is imaginary.” Because of these sorts of problems,
Rafinesque was considered a scientific pariah. His ichthyological
work was largely discredited by other fish taxonomists between
1840 and 1877 and his names were ignored. As a result, many species he had discovered were described under a new name. In 1877,
David Starr Jordan restored many of Rafinesque’s names and synonymized the newer names with Rafinesque’s.
In all, Rafinesque gave names to about 2,700 new genera and
6,700 new species of plants and animals (Merrill 1949). Of these,
only abut 30 genera and 100 species are still considered valid
(Merrill 1949). His names are still used for seven species of fishes
that have been introduced to eastern Washington: fathead minnow
Pimephales promelas Rafinesque, 1820; black bullhead Ameiurus
melas (Rafinesque, 1820); channel catfish Ictalurus punctatus
(Rafinesque, 1818); flathead catfish Pylodictis olivaris (Rafinesque,
1818); green sunfish Lepomis cyanellus Rafinesque, 1819; bluegill
Lepomis macrochirus Rafinesque, 1819; and white crappie Pomoxis
annularis Rafinesque, 1818.
Rafinesque’s arrogant and aloof demeanor didn’t sit well with
his colleague at Transylvania University, so in 1827 he resigned his
teaching appointment and moved to Philadelphia, where under
the patronage of Charles Weatherhill he commenced writing and
publishing papers on natural history, linguistics, and anthropology.
He augmented his income by selling potions and his shell collections. Rafinesque died of cancer of the stomach in Philadelphia at
the age of 57.

Sir John Richardson (1787–1865)
Sir John Richardson (Figure 3.52) was a British naturalist and physician. He received an MD at the University of Edinburgh in 1807
and became a surgeon in the Royal Navy. He fought in the cam-
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paign against Napolean in the War of 1812. From 1819–1822 and
1825–1826 he joined two expeditions made by Sir John Franklin
to the Polar Sea in his quest to discover the Northwest Passage.
Richardson served in the capacity of naturalist and surgeon and
was second in command, on both of them.

At one point, on 29 September, 1821, when the party tried to
cross a river by poling a raft across it they found the pole too short
to reach the bottom. Dr. Richardson then proposed to swim across
the river with a line tied around him and haul the raft across the
river. He plunged into 38°F water and when he had swum but a
short distance
“his arms became benumbed with cold and he lost the
power of moving them; still he persevered, and, turning
on his back he nearly gained the opposite bank, when his
legs also became powerless and … we [saw] him sink. We
instantly hauled on the line and he came [up to] the surface again and was drawn ashore in an almost lifeless state”
(Franklin 1823).

Figure 3.52

Sir John Richardson. Lithograph courtesy United
States National Library of Medicine, US-PD.

On the first expedition, Franklin’s party sailed from England to
York Factory on the shores of Hudson Bay in 1819. They then
traveled over land and by canoe following the Saskatchewan
River across northern Manitoba, Saskatchewan, and Alberta,
spending their first winter at Cumberland House, a Hudson Bay
Company fur trading post. They then traveled northward along
the Athabasca River to Great Slave Lake, where they spent their
second winter. On the third year of their expedition they set off
down the Coppermine River to the Arctic Ocean.
On the journey down the Coppermine River, Dr. Richardson
had taken the first watch on a knoll above the river. In the twilight, nine white wolves had arranged themselves in a semi-circle
around Richardson and were advancing on him, apparently with
the intention of driving him into the river. Richardson rose up, gun
in hand, and calmly walked through the middle of the line down to
the tents. Later that night, the same wolves cornered a caribou in
much the same manner they had cornered Richardson. They succeeded in driving it over the precipice (Franklin 1823).
After reaching the Arctic Ocean, Franklin’s party explored
the coastline for a distance of 550 miles to the east (back towards
Hudson’s Bay) before deciding to return to their winter quarters at
the Hudson Bay Company’s fur trading post on Great Slave Lake.
It was at this point that things went disastrously wrong, because
Franklin had not the foresight to cache stores of food along the
route for their return journey. They ran out of food and soon they
were reduced to eating rotted deer skins, boiled shoe leather, bones
full of putrid marrow that they had discarded at campsites on their
way down the Coppermine River and tripe de roche (a black lichen
that grows on rocks). A musk ox was killed and “the contents of
the stomach were devoured on the spot” and then its raw intestines
were eaten before the rest of it was cooked (Franklin 1823: 357–358).
Eleven of the 25 men who started the expedition perished, at least 7
from acute hunger, 3 probably murdered and perhaps cannibalized,
and one executed. One man fell sick and Richardson remained behind to take care of him. An Indian murdered him (apparently to eat
him) and Richardson summarily executed the Indian (Stewart 1931;
Johnson 1976; Swinton 1977). Richardson (in Franklin 1823) stated:
“I put an end to his life by shooting him through the head with a pistol.”
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He was rolled in blankets and placed in front of a roaring fire.
The skin on the whole left side of his body was left without any
sensation until summer of the following year.
According to Swinton (1977) “the starving survivors, in contrast
to their sunken faces, had bloated abdomens and legs [so] swollen by
fluid … [that] they urinated up to 10 times nightly.” The survivors
eventually were found by Akaitcho, the chief of the Yellowknife
people who brought them back to Fort Providence at the outlet of
Great Slave Lake. Upon his return to England, Richardson published his notes of the fishes collected during the expedition as
Appendix No. 6 in John Franklin’s (1823) Narrative of a Journey to
the Shores of the Polar Sea in the Years 1819, 20, 21, and 22. (John
Murry, publisher, London).
On Franklin’s second expedition in 1825, Franklin and Richardson
sailed from Liverpool to New York and took a steamboat up the
Hudson River to Montreal. They then followed a canoe route through
the Great Lakes and Lake of the Woods to Lake Winnipeg, then along
the Saskatchewan and Athabasca Rivers to Great Slave Lake. From
Great Slave Lake they traveled to Fort Franklin on Great Bear Lake,
where they spent the winter. They completed this journey within six
months time after leaving England because George Simpson, governor of the Hudson Bay Company, put an experienced guide (Peter
Dease) and the resources of the Hudson Bay Company at Franklin
and Richardson’s disposal. The following spring (1826) they completed
their journey to the Beaufort Sea (Arctic Ocean) and then split up.
Franklin’s party explored westward from the mouth of the McKenzie
about 375 miles to Point Barrow Alaska. Richardson’s party explored
eastward from the mouth of the McKenzie about 600 miles to the
Coppermine River, thus connecting with the survey of 1819–1822.
Together the two men had explored, by land, nearly the entire route of
the Northwest Passage from Hudson’s Bay to Point Barrow. This time
all the men made it safely back to Fort Franklin for the winter. They
arrived back in London in September 1827 as conquering heroes.
Besides their geographic knowledge, Franklin and Richardson had
amassed an extraordinary collection of botanical and zoological specimens. Richardson returned to Edinburgh to curate the specimens and
prepare monographs. He soon handed the botanical collection over to
University of Edinburgh Professor William Jackson Hooker, the most
famous botanist in all of Great Britain, who later became the first director of the Royal Gardens at Kew. Hooker published Flora BorealiAmericana (1833–1840). During his time in Edinburgh, Richardson
lived just down the street from William Jackson Hooker and the two
men became friends. Later, Richardson provided advice to Hooker’s
son, Joe, who had followed in his father’s footsteps (became a botanist
himself) and was preparing to sail off with John Ross in HMS Erebus
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and HMS Terror on an expedition to Antarctica. Joe Hooker would
eventually become the best friend of Charles Darwin.
Richardson meanwhile was preparing Fauna Boreali-Americana
which was published in four volumes between 1829–1837. The third
volume of this series published in 1836 described the fishes. It is noteworthy amongst ichthyological reference works because it was the
first book to describe the fishes of western and northwestern North
America. It included not only specimens that Richardson had collected during his journey, but also specimens that other naturalists
such as David Douglas, John Scouler, and Meredith Gairdner had
sent to him (or to William Jackson Hooker) from the Columbia
Basin (Richardson 1836). Richardson named several species or subspecies found in eastern Washington, including the white sturgeon
Acipenser transmontanus Richardson 1836, peamouth Mylocheilus
caurinus (Richardson, 1836), northern pikeminnow Ptychocheilus oregonensis (Richardson, 1836), redside shiner Richardsonius balteatus
(Richardson, 1836), cutthroat trout Oncorhynchus clarkii (Richardson,
1836), interior rainbow / steelhead (redband) trout Oncorhynchus
mykiss gairdneri (Richardson, 1836), prickly sculpin Cottus asper
Richardson, 1836 and slimy sculpin Cottus cognatus Richardson, 1836.
In 1827–1833, John Ross had attempted to discover a sea route across
the Northwest Passage. He failed in this attempt but in 1835, he published his Narrative of a 2nd Voyage in Search of a Northwest Passage …
during the years 1829, 1830, 1831, 1832, and 1833 (A. W. Webster, Publisher,
London). Richardson was asked to write an appendix about the salmonid fishes encountered on the Ross expedition (Richardson 1835).
Richardson then became a celebrated ichthyologist, publishing
several more papers on northern fishes as well as on the fishes of
New Zealand, China, and Japan. However, as time passed he focused more and more attention on his medical practice. In 1838 he
was appointed as Chief Medical Officer at a Royal Navy Hospital
near Portsmouth. He pioneered the practice of visiting his patients
before breakfast to make them feel comfortable. In 1840, he was
promoted to the post of Inspector General of Hospitals for the
British Admiralty. He enacted reforms that enabled nurses to obtain training so that they could be better care givers. He consulted
with Florence Nightingale on this subject. In 1846, he was knighted
by Queen Victoria, becoming Sir John Richardson.
In 1845, John Franklin at the age of 59 had been appointed to command his third expedition to discover the Northwest Passage, this
time by sea. He set out in two ships HMS Erebus and HMS Terror,
the same ships that John Ross had used for his Antarctica expedition.
Then, he and his crew of 129 men disappeared into the fog shrouded
mists of the Polar Sea and were never heard from again. After two
years and no word from the expedition, Franklin’s wife petitioned
the Royal Navy to mount a search and rescue operation. Because
Franklin had provisions for three years, the Admiralty waited until
1848 to launch a search. Sir John Richardson, then 61 years old, offered to lead the expedition by essentially retracing the route that he
had followed during the 1825–1826 expedition. He then proposed
to follow the shoreline of the Arctic Ocean from the mouth of the
McKenzie River eastward to Hudson’s Bay. During 1848, he made it
as far as the Coppermine River before he had to turn back and overwinter at Great Bear Lake. There, Richardson suffered a heart attack.
He returned to England in 1849, leaving Dr. John Rae, his second in
command, to continue the search for Franklin. Rae didn’t find any
trace of Franklin or his crew on this expedition, but, later, he found
out what had happened while he was exploring the north country for
Hudson’s Bay Company in 1854. Eskimos told him of a party of about

40 kabloonas (white men) who had died of starvation along the Great
Fish River. When he went to investigate, he found the bodies of 30
members of Franklin’s crew, “From the mutilated state of many of the
bodies and the contents of the kettles” found at the site, Rae concluded
that the starving men had resorted to cannibalism. In 1859, Leopold
McLintock found a rock cairn containing a message confirming
Franklin’s death on 11 June 1847. Apparently, Franklin had died on
board his ice bound ship. Most of the 129 crew members died while
trekking southward after abandoning their two ships.
Why did all the men on the expedition with a three years supply of canned food starve to death? Many apparently suffered from
lead poisoning and botulism because of improper canning techniques (Knowall et al. 1988, 1990).
Richardson regarded Charles Darwin as a close personal
friend and he was the mentor of Thomas Henry Huxley, who later
became famous as “Darwin’s Bulldog” for his defense at Darwin’s
Theory of Evolution in public forums. Richardson retired in 1855
but his name lives on in the many species of plants and animals
named for him, including two species of fishes found in eastern Washington Lampetra richardsoni (western brook lamprey),
Richardsonius balteatus (redside shiner), and at least 24 other species of plants, birds, and mammals.

Leonard Peter Schultz (1901–1986)
Leonard P. Schultz (Figure 3.53) received his MS degree from the
University of Michigan (UM) in 1926, working under the supervision of Carl L. Hubbs, an eminent ichthyologist and curator of
fishes with the UM Museum of Zoology (UMMZ). In 1926, Schultz
joined Hubbs on a fish collecting expedition to Washington state
that included collections made in Crab Creek (Grant and Lincoln
counties) and in the Yakima River Basin (Kittitas County) in eastern Washington. The specimens were deposited in the UMMZ.
Schultz taught at the University of Michigan (1925–1927), before
moving to Washington to take a position as instructor of ichthyology
at the University of Washington (UW), College of Fisheries in 1928.
At UW he completed his PhD in 1932 and became an assistant professor. During this time he added materially to the UW Fish Collection.
The UW School of Fisheries had been founded in 1919. The
courses taught there were non-traditional academic subjects that
were normally taught in a trade school (i.e., fish culture, fishing
techniques, food preservation and canning). Many professors at
the University did not appreciate this emphasis on non-academic
subjects and grumbled about this to administrators. Schultz
was hired to deflect some of this criticism by establishing a
Department of Ichthyology within the college. However, soon after Schultz arrived at the UW, the Dean of the college died and the
UW President dissolved the college and fired all of the faculty except for Schultz, who was considered to be a ‘bona fide’ academic,
and transferred him to the Department of Zoology (Dunn 2003).
However, both the commercial fishing industry and students
protested this action causing the Governor to intervene, which
prompted the re-establishment of a Department of Fisheries in a
new College of Science.
Meanwhile, Schultz was amassing a fish collection of truly gigantic proportions. When he arrived at UW, the fish collection had
housed only a few thousand specimens. By the time he left UW the
fish collection contained approximately 105,000 specimens (4,216
lots of fishes). Schultz added to the collection by making field
trips to eastern Washington with his students, notably Wilbert
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McCloud Chapman (who would later become the Director of
the School of Fisheries at UW), Allan C. DeLacy, Leo Erkilla, and
Arthur Welander. Between 1929 and 1932 they made expeditions to
the following locations in eastern Washington:
• Yakima River including Ahtanum Creek and Cle
Elum, Naches, and Teanaway rivers (Yakima and
Kittitas counties);
• Crab Creek near its confluence with the Columbia
and Moses Lake (Grant County); Upper Crab Creek
in (Lincoln County);
• Wenatchee River and Nason Creek (Chelan County);
• Entiat River (Chelan County);
• Desert streams below Dry Falls (Grant County);
• Spokane River, Little Spokane River, Latah, Deep, and
Dragoon creeks (Spokane County);
• Palouse River, South Fork Palouse River, and Rock,
Pine, Cow, and Hardman creeks (Adams, Spokane,
and Whitman counties);
• Grande Ronde River (Asotin County);
• Asotin Creek, tributary of the Snake River, Asotin
County; and
• Tucannon River, tributary of the Snake River
(Columbia and Garfield counties).
Specimens collected on these expeditions were deposited in the
UW Fish Collection, with a duplicate set sent to the UMMZ. Upon
leaving UW to take a job at the United States National Museum
(USNM or Smithsonian) in 1936, Schultz took part of the UW fish
collection (mostly duplicated specimens) with him to the USNM
(525 lots containing 6,860 fishes, including 5 haplotypes, 17 paratypes, and 14 cotypes) (Dunn 2004).

Figure 3.53

Leonard Schultz, University of Washington, United
States National Museum.

Schultz did not inform the Dean of the UW Fisheries School that
he was taking the specimens, but, instead, left him an inventory of
them. When the Dean contacted him to complain about his betrayal,
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Schultz replied, “80% of the fish [that I sent to the usnm] were collected by me at my own expense and on my own time. During the 9
years of my tenure at the University of Washington, that Institution
contributed but 36 dollars toward the collection of fish….” (Dunn 2004).
Schultz offered an exchange of fishes he took for specimens in
the USNM that the UW Fish Collection did not have. Ultimately,
the USNM exchanged 198 lots containing 1,066 specimens, far
fewer than Schultz had taken. However, the UW did add fishes
from central America, southeast Asia, and the Caribbean, which
considerably improved their teaching collections.
At the present time (2008) the catalogues for the specimens
stored in each museum are online on the World Wide Web (Internet).
Internet address for each museum are UW Fish Collection (UWFC)
http://artedi.fish.washington.edu/, University of Michigan Museum
of Zoology (UMMZ) http: /  / www.ummz.lsa.umich.edu/, and
United States National Museum (USNM) http://www.mnh.si.edu/.
In many instances the specimens are still listed under their old scientific names, so care must be taken in interrogating these databases.
Schultz published numerous articles on eastern Washington
fishes in the primary literature. Hubbs and Schultz (1931) reported
that Mylocheilus lateralis Snyder (1905: 341) was a junior synonym
of the peamouth Mylocheilus caurinus (Richardson, 1876: 3–4). In
this paper they also reported on inter-generic hybrids between the
peamouth and northern pikeminnow Ptychocheilus lucius Agassiz,
1855. Hubbs and Schultz (1932) described a new species of sucker
from the Columbia Basin they named Catostomus syncheilus, although this name was later placed in synonymy with Catostomus
columbianus bridgelip sucker (Smith 1966).
Schultz developed the first checklist of the freshwater fishes
of Washington and Oregon (1929), and later prepared a key to the
fishes of Washington and Oregon (1931). The key originally appeared
in mimeographed form at the University Book Store in Seattle in
October 1931. Schultz later expanded the key into a monograph
(Schultz 1936), which was reprinted four times between 1936 and 1953,
with corrections to scientific nomenclature made at each printing.
Schultz and H. A. Hanson (1935) published a paper on salmonid game fishes in the National Forests of the Northwestern United
States. Schultz also wrote on the species of salmon and trout in
the northwest (Schultz 1935a) and the spawning habits of the peamouth chub Mylocheilus caurinus (Schultz 1935b).
Schultz and DeLacy (1935, 1936a, 1936b, 1936c) published a catalogue of fishes of Washington and Oregon with distributional records and bibliography. The catalogue can be found in the Journal
of the Pan Pacific Research Institute, which appeared in four installments of the quarterly Mid-Pacific Magazine in 1935 (October to
December), and 1936 (January to March, April to June, and July to
September). The bibliography, which appeared in the final installment, was impressive for its comprehensive treatment on the subject
of early papers relating to ichthyology in the Pacific Northwest.
Schultz and students (1935) described the breeding habitats of
kokanee salmon Oncorhynchus nerka. Schultz (1941) wrote a paper
on the fishes of Glacier National Park, Montana.
Perhaps Schultz’s most important contribution to ichthyology
during his University of Washington years was the discovery of a
new species, the Olympic mudminnow Novumbra hubbsi, whom
he named in honor of Carl L. Hubbs (Schultz 1929). The mudminnow belongs in its own Family Umbridae that is similar to the pike,
Family Esocidae. Both the Umbridae and Esocidae have their dorsal
and anal fins situated on their caudal peduncle near the caudal fin,
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which is an adaptation for making quick bursts of acceleration The
Olympic mudminnow, as its common name implies, is endemic to
the Olympic Peninsula and a few locations in Puget Sound west of
the Cascade Mountains.
Upon leaving UW in 1937, Schultz joined the staff at the U. S.
National Museum of Natural History and remained there until his
retirement in 1968. After 1938 he was placed in charge of the Division
of Fishes. He participated in numerous biological expeditions to the
Johnston, Phoenix, Marshall, Marianas, and Samoan Islands, Bikini
Atoll in the Pacific Ocean, Venezuela, and the western United States.
Schultz’s expeditions to the Coral Islands in the South Pacific
were in conjunction with Atomic bomb testing. His investigations
were for the purpose of comparing the relative abundance of fish
found before and after the atomic bomb tests.
Beginning in 1958, a large portion of Schultz’s time spent on
shark attack research. Schultz was Secretary of the American
Institute of Biological Science (AIBS) Shark Research Panel.
Schultz’s job was to document shark attacks, and he published a
summary of shark attacks of the world. He compiled statistics and
found that 87% of all unprovoked shark attacks on humans along
the Pacific Coast of North America involved the great White Shark
Carchardon carcharias. The panel guided and coordinated research
on sharks and shark attacks, and attempted (unsuccessfully) to develop an effective shark repellent.
Schultz played the violin, restored antiques, and propagated
azaleas (Springer 1987).

George Suckley (1830–1869)
George Suckley (Figure 3.55) obtained his MD at the College of
Physicians and Surgeons (Columbia University) in 1851. He joined
the Army and, from 1853–1855, accompanied General Isaac Ingalls
Stevens on the Pacific Railroad Survey between the 47th and 49th parallels, from Minneapolis / St. Paul, Minnesota to Seattle, Washington
Territory, serving as surgeon and naturalist on the expedition.

Figure 3.55

John Otterbien Snyder (1867–1943)
John O. Snyder (Figure 3.54) was yet another student of David Starr
Jordan’s at the University of Indiana. He followed Jordan to Stanford
University in 1892–1893. In order to earn money necessary to continue his education, he took a job as superintendent of public schools
in Pullman, Washington during the 1893 / 1894 academic year. He
returned to Stanford and obtained his MA degree in 1897. That same
year he was appointed instructor of zoology at Stanford, where
he continued to serve on the faculty until his retirement in 1942.

Figure 3.54

been found in Diamond Lake, Pend Oreille County Washington,
where he had observed then being caught by kingfishers at the surface (Snyder 1917).

John Otterblen Snyder, Stanford University.

Snyder worked mainly in the Great Basin and Bonneville Basin,
Nevada and Utah, but he made at least one field trip to Washington.
In 1916 he reported that a pygmy whitefish Prosopium coulteri had

George Suckley, Naturalist, Pacific Railroad Survey

Suckley explored to the west from Minnesota by horseback. At
St. Mary’s Mission on the Bitterroot River, he constructed a circular bull boat of hides wrapped around a wooden frame and floated
down the Bitterroot, Clark Fork, and Pend Oreille Rivers, to present day Usk, Washington. He then traveled over land to Fort
Colville and Kettle Falls, then canoed down the Columbia from
Kettle Falls to Fort Vancouver. The trip lasted 53 days and covered
1,049 miles, during which he made extensive natural history
collections.
Suckley resigned his commission in 1856 to work full time on
animal specimens he had collected during the expedition. He wrote
separate reports on the mammals, birds, and fishes. He separated the
Salmonidae (Suckley 1860a) from other families of fishes (Suckley
1860b). In 1859, he coauthored The Natural History of Washington
Territory with James G. Cooper, another naturalist employed by
Stevens, who explored the passes of the Cascades and Okanogan
regions of Washington during the Pacific Railroad Surveys.
Suckley (1858, 1859, 1862a, 1862b) also published descriptions of
several new species of salmonids collected by Caleb Kennerly during the US / Canadian boundary survey in Washington Territory in
1856–1857. Suckley (1862:306) noted that he had prepared a monograph “on the North American species of salmon and trout” to appear in the final report of the boundary commission.
However, the commissioner’s final report was not published
because the congress, sidetracked by the Civil War, failed to appropriate funds for its publication. Spencer Baird, Director of the
Smithsonian Institution, asked the commissioner of the Boundary
Survey to release the report to the Smithsonian, which he “kindly
turned over … to dispose of as the [Smithsonian] might think proper”
[Baird, in Suckley 1874: 91].
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The Smithsonian then asked Dr. Suckley to enlarge his monograph to include all of the species of North American Salmonidae
in its collections. Suckley accomplished this assignment and delivered the completed monograph to the Smithsonian in July 1861.
Meanwhile, Spencer Baird had accepted the position of
commissioner of the United States Fish Commission. Shortly
after assuming this post he asked for and received permission
from the Secretary of the Smithsonian to publish Suckley’s
monograph in the Report of the Commissioner for 1872 and
1873. Suckley’s report was reproduced “in its original form” in
Appendix B of this report (Suckley 1874: 92–160), with the following notation by Baird:
“Whatever its defects or redundancies, it will serve as
an excellent basis for further investigation; and although
it is probable that the actual number of species is less than
that given by Dr. Suckley, who doubtless considered certain variations of age, sex, and season as species, it will
be easier to reduce them to the proper number after the
publication of his report” (Baird, in Suckley 1874: 92).
Suckley recognized 43 species of North American Salmonidae
(salmon, trout, and charr) whereas today only 16 species are recognized: Oncorhynchus (n = 9), Salmo (n = 2), Salvelinus (n = 5). In
fact, only one of Suckley’s names for the salmon is still considered
valid, that of the bull trout Salvelinus confluentus (Suckley, 1859).
At the outbreak of the Civil War, Suckley rejoined the U. S.
Army and worked as a surgeon throughout the war. He died in
New York in 1869.

Vadim Dimitrij Vladykov (1898–1986)
Vadim Vladykov (Figure 3.57) was born in the Ukraine. In 1917 he
entered the University of Khar’kov, but soon (in 1919) interrupted
his education to join the White Army against the Bolsheviks.
After the war, he continued his education at Charles University
in Prague, Czechoslovakia, graduating with his doctorate in 1925.
From 1923–1927 he studied the fishes of the Ukraine. In 1928, he
visited the Pasteur Institute and the Muséum National d’Histoire
Naturelle in Paris. In 1930, he immigrated to Canada where he
worked at the Fisheries Research Board of Canada’s Biological
Stations at St. Andrews, New Brunswick, and Halifax, Nova Scotia
between 1930 and 1935. In 1936–1937, he worked in Maryland. He
returned to Canada where he became a Canadian citizen (in 1936)
and a Professor of Ichthyology at the University of Montreal (1938–
1942), Director of a fisheries laboratory in Quebec (1943–1958) and
Professor of Biology at the University of Ottawa (1958–1973).
Vladykov wrote 209 papers that were published in scientific
journals, 106 of them in English, 83 in French, 10 in Czech, 6 in
German, and 4 in Russian (Reneud 1987). Of this total (n = 209),
185 papers were about fishes (88.5%), 10 were about whales, and
10 on various other subjects. He published 48 papers on the
Petromyzontidae (lampreys), 23 on the Salmonidae (salmon, trout,
charr, whitefish, grayling), 15 on the Anguillidae (American eels),
and 6 on the Acipenseridae (sturgeons).

Achille Valenciennes (1794–1865)
Achille Valenciennes (Figure 3.56) was a French naturalist who
was the student of, and collaborated with, George Cuvier to produce
Historie Naturelle des Poissons, a 22 volume, 11,250 page, magnum
opus that contained descriptions of 4,514 nominal species of fishes,
about half of which were new to science. The Histoire Naturelle was
published between 1828 and 1849. Valenciennes carried on alone after Cuvier died in 1832 and completed the final two-thirds by himself (Pietsch 1986). Valenciennes described one species of native fish
longnose dace Rhinichthys cataractae (Valenciennes, 1842), and two
species of introduced fishes, grass carp Ctenopharyngodon idella
(Valenciennes, 1844), and warmouth Lepomis gulosus (Cuvier and
Valenciennes, 1829), that are currently found in eastern Washington.

Figure 3.57

Vadim Dmitri Vladykov, University of Ottowa.

Vladykov is best remembered for his paper on the teeth of
lampreys, their terminology and their use in a key to the genera
(and species). In 1965, he was first to identify the western brook
lamprey Lampetra richardsoni Vladykov and Follet, 1965. This
was the most recent species of extant fish so far discovered in
eastern Washington.

Johann Julius Walbaum (1724–1799)

Figure 3.56
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Achille Valenciennes, Paris Museum of Natural
History. Drawing by Carolyn Connelly, EWU
Biology Department.

Johann Julius Walbaum’s (Figure 3.58) main claim to fame is that
he named the Pacific salmon and steelhead trout. Walbaum was a
German medical doctor and naturalist, who owned a Cabinet of
Curiosities in Lübeck, Germany. His major work in ichthyology was
Petri Artedi renovati (Walbaum 1788–1793). The purpose of this book
was to present all genera and species of fish known at that time and arrange them according to a classification scheme developed by Petrus
Artedi. In the third part of this book published in 1792 Genera Piscium,
Walbaum named more than 200 new species of fishes, including
the Pacific salmon. The Pacific salmon were named on the basis of
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specimens collected in Kamchatka by Thomas Pennant during Vitus
Bering’s expedition. Pennant had not provided any Latin binominals
for the Pacific salmon.
Walbaum’s book was criticized by George Cuvier, who essentially
ignored it while preparing his own Histoire Naturelle des Poissons, because in many cases the species were described without giving any diagnostic feature and no illustrations were provided. Additionally, for
about 42% of the species described, no type locality was given and no
type specimens were placed in a museum for verification. As a result,
in 1872, Theodore Gill reviewed Walbaum’s book and restored many
of his names. David Starr Jordan followed Gill’s lead and soon everyone was calling the Pacific salmon by Walbaum’s names. For the most
part Walbaum used a Latinized version of the Kamchatkan native
name to describe the Pacific salmon. In one case, for the lake trout
caught near Hudson’s Bay he used a local Native American name.
Altogether, Walbaum gave names to six native species and one
introduced species that are currently found in eastern Washington.
The native species included: pink salmon Oncorhynchus gorbuscha
(Walbaum, 1792); chum salmon Oncorhynchus keta (Walbaum
1792); coho salmon Oncorhynchus kisutch (Walbaum, 1792); rainbow trout Oncorhynchus mykiss (Walbaum, 1792); sockeye salmon
Oncorhynchus nerka (Walbaum, 1792); and Chinook salmon
Oncorhynchus tshawytscha (Walbaum, 1792). The introduced salmonid was the lake trout (Salvelinus namaycush Walbaum, 1792).

10,000 miles (many of them in rugged wilderness in inclement
weather) over a period of 10 years, observing and painting birds,
and gathering subscribers who agreed to purchase the book. In
1806, he moved to Philadelphia where he was hired by publisher
Samuel Bradford as assistant editor of Ree’s Cyclopedia. Bradford
was impressed by Wilson’s ambition and industry, and agreed
to publish Wilson’s books. As the purchase price was 120 dollars, a princely sum at the time (more than a school teacher’s
annual salary), Wilson was obliged to approach the wealthiest
and most prominent members of each town to subscribe to his
book. He pushed it with the sales pitch that it was to be the most
American of books and a necessity for any patriot’s library. He
sold 250 subscriptions.
The result of his effort was the publication of the nine volume
American Ornithology published between 1808 and 1814. The book
described and illustrated 268 species of birds, including 26 new
species. Wilson devoted his life to this work. He died during the
writing of the ninth volume, which was completed and published
posthumously by his friend, naturalist George Ord. His death was
caused when he pursued a bird by swimming across a cold river.
He caught a cold and died 10 days later.

Figure 3.59

Figure 3.58

Johan Julius Walbaum, named Pacific salmon,
steelhead trout, and lake trout.

Alexander Wilson (1766–1813)
Alexander Wilson (Figure 3.59) was the father of North American
ornithology. Wilson was born in Scotland where he was apprenticed to a weaver at the age of 12 (1779), but immigrated to America
at the age of 27 (in 1794) in order to better his lot in life. He settled
in a small town near Philadelphia and became a school teacher. In
1801, after a failed love affair, he found a new teaching position in
Gray’s Ferry, Pennsylvania. Here, he lived about one block away
from the famous naturalist William Bertram, who got him interested in ornithology.
In 1802, Wilson decided to publish a book on North American
birds. He traveled widely throughout the eastern United States,
on a series of extended walking tours that totaled more than

Alexander Wilson

Several species of birds were named in Wilson’s honor. The warbler genus Wilsonia was also named for him. The Wilson Journal of
Ornithology was named after him.
Wilson also reported that he saw some 2,230,272,000 passenger
pigeons during his trips. The species is now extinct.
Wilson also first named the American shad Clupea sapidissima
Wilson, 1811, a species native to the eastern seaboard of North
America. The entry appeared in Ree’s New Cyclopedia 9 (no page).
Shad were introduced into the Columbia River when stray fish
planted in California strayed into it. They were also later stocked
into the Columbia and Willamette rivers by the United States
Bureau of Fisheries for several years.

Charles William Wilson (1836–1905)
Lieutenant Charles W. Wilson (Figure 3.60) attended Cheltenham
College, England and the University of Bonn, Germany. In 1855 he
was commissioned as a Lieutenant in the Royal Engineers. From
1858–1862 he was assigned to the British Boundary Commission
and conducted field surveys of the boundary between British
Columbia and the United States. He traveled widely throughout
the Columbia Basin making observations on Indian fisheries. For
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example, on 1 August, 1860, he made the following observations
about the Indian fishery at Kettle Falls:
“The fishery … is a great sight and certainly … the most
wonderful one I ever saw. The salmon arrived at the foot of
the falls in great numbers and proceeded to leap them; all day
long you could see one continuous stream of fish in the air….
The Indian way of capturing them is very ingenious.
They hang a basket made of willow or crab apple over
the rock at the side of the falls, the salmon in jumping
strike their noses on the top part and fall into the basket
below; they catch from 700 to 1000 salmon a day in this
manner which are equally divided amongst them in the
evening by one of the chiefs. The most curious [sight] is
to see them empty the basket, two men strip and jump
into it with wooden bludgeons with which they knock
the salmon on the head and then pass them to others
on shore; it is rather an awkward situation [as] in this
same basket is part of the fall, although not the full force
of it, runs right over their heads nearly drowning them
whilst what with the weight of the fish and the rush of
the water the frail basket rocks about in anything but a
pleasant manner.”
On the Okanogan River, on 12 August, 1860, Wilson recorded:
“The Indians of Okanogan have a very clever way of
catching salmon, running at this time in great numbers;
they make an artificial leap of wicker work right across the
river which the fish jump, only to tumble into a basket or
cradle, ready for them on the other side.”

DISCOVERY OF FOSSIL FISHES
The last extant fish native to eastern Washington was discovered in 1965.
Since then several extinct fossil species native to eastern Washington
have been discovered and named. Three paleontologists / zoologists
have been involved in making a majority of these finds.

Gerald R. Smith (1935–present)
Gerald R. Smith (Figure 3.61) received BS and MS degrees from
the University of Utah in 1957 and 1959 respectively. He received
his Ph.D. from the University of Michigan in 1965 where he
worked under R. R. Miller and Reeve M. Bailey. He was an assistant professor at the University of Utah (1963–1966) and an
assistant professor at the University of Kansas (1966–1969) before becoming a professor in the Departments of Ecology and
Evolutionary Biology, and Geological Science, at the University
of Michigan (1969–2005). While at Michigan he was also affiliated with the Museum of Zoology and Museum of Paleontology.
He has so far published 3 books and 107 papers during his career, and doesn’t show any signs of stopping yet. Since his retirement in 2005 he has published 6 papers. He has published papers on the fossil fishes of Miocene / Pliocene Lake Idaho (Miller
and Smith 1967; Smith 1975; Smith and Cossel 2002; Smith et al.
2002), Miocene Clarkia Lake (Latah Formation), Idaho (Smith
and Miller 1985), and the Miocene / Pliocene Ringold Formation
along the Hanford Reach of the Columbia River in Washington
State (Smith et al. 2000).

On the Nehoialpitku (i.e., Kettle) River on September 12, 1860, he
observed that, “The salmon were running in great numbers up the river.”

Figure 3.61

Figure 3.60

Lt. Charles W. Wilson, British Northwest
Boundary Commission.

Later, Wilson rose through the ranks to Major-General, and was
assigned to conduct explorations in Palestine and the Sinai. The aim
of the work in Palestine was to improve the water supply for Jerusalem.
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Gerald R. Smith, University of Michigan.

He has published important cladistic analyses of the Salmonidae
(Smith and Stearly 1989, Stearly and Smith 1993). He has also published several important revisions of the Family Catostomidae
(suckers) (Smith 1976; Smith and Koehn 1971; Uyeno and Smith
1972; Dunham et al. 1979; and Smith 1993). He has named about a
dozen species of fossil fishes, including the following species found
in the Ringold Formation: the Ringold bullhead Ameiurus reticulatus Smith et al. 2000, the Ringold peamouth chub Mylocheilus
heterodon Smith et al. 2000, the Snake River chub Klamathella milleri (Smith 1975), the Snake River hitch Lavinia (Idadon) hibbardi
(Smith, 1975), the Columbia muskellunge Esox columbianus Smith
et al. 2000, and the Ringold sunfish Archoplites molarus Smith et
al. 2000.
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Mark V. H. Wilson (1946–present)

Ted Cavender (1936–present)

Mark V. H. Wilson (Figure 3.62) received his BS (1963), MS
(1990), and PhD (1974) degrees from the University of Toronto.
In 1977, he accepted a position in the Department of Biological
Sciences (Systematics and Evolution Research Group) at
the University of Alberta, where he is also curator of fossil
fishes at the University of Alberta Laboratory for Vertebrate
Paleontology (UALVP). Wilson has published 117 papers and 36
reports and newsletters. Between 1994 and 2004, he published
a newsletter called The Compleat Mesoangler, which focused
on Mesozoic fishes.

Ted Cavender (Figure 3.63) received his undergraduate degree
from Union College in 1959 and his PhD from the University of
Chicago in 1963. From 1964–1969 he worked at the University of
Michigan Museum of Zoology where he collaborated with Robert
Rush Miller on a number of publications. In the most famous of
these works, they named the giant saber-toothed salmon from
the Miocene of Oregon Smilodonichthys rastrosus (Cavender and
Miller 1972). This has since been placed as a subgenus within
Oncorhynchus, i.e., Oncorhynchus (Smilodonichthys) rastrosus.

Figure 3.63
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Mark Wilson, University of Alberta.

He has named over 50 species of fossil fishes. Although
his research has focused on Mesozoic fishes he occasionally
dabbles in Cenozoic fishes, particularly Eocene fishes in the
Klondike Mountain Formation near Republic in north central Washington, and adjacent areas in British Columbia. He is
perhaps best known for his discovery of the oldest known fossil salmonid, Eosalmo driftwoodensis Wilson, 1977, from these
Eocene deposits. Also, in these same deposits he discovered
a sucker, Amyzon aggregatum Wilson, 1977, and a species distantly related to the modern trout perch (Percopsidae) but in an
extinct Family (Libotoniidae: Libotonius pearsoni Wilson, 1979).
Also, a fossil bowfin (Family Amiidae: Amia c.f. hesparia) was
discovered at Republic.

Ted Cavender, Ohio State University.

Cavender was hired by Ohio State University in 1970, where he
worked his way up through the ranks in the Department of Evolution,
Ecology, and Organismal Biology, until he became a full professor. He
spent the rest of his long and productive career there. He also became
curator of the Division of Fish for the Museum of Zoology on the
Ohio State campus, which houses approximately 1.9 million fish specimens. During his career he published 86 articles about extant and
fossil fishes, 42 abstracts, and named several species of fossil fishes.
Probably his most important contribution was separating the extant
bull trout (or charr) Salvelinus confluentis from the Dolly Varden trout
(or charr) Salvelinus malma, with which it had long been confused
(Cavender 1978). Cavender retired from OSU in 2003. After his retirement, Cavender continued as the Curator of the Museum of Zoology’s
Fish Collection because, “I’m stuck on fish … and it has to be done.”
In his retirement, Cavender also planned to devote more time to the
study of fossil fishes. He stated,
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“I’ve been stuck with living fishes during my career but
my main interest is in fossil fishes, so I will get to work on
those…. I’ve been doing this since 1964; they’re easy for me
to find, because by now I know where to look.”
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This book is about the Cenozoic fishes of eastern Washington and
adjacent regions. Most of them are extant but some are known only
as fossils. This chapter discusses the geological events that shaped
the surface water drainage basins and underground aquifers of
eastern Washington and how these aspects of surface and groundwater hydrogeology have influenced the biogeographical distribution of fishes. It also describes the fossil fishes found in this area.
The streams of eastern Washington display the quirky temperament that typifies many western rivers, particularly where they
dither across gravel riffles, appearing to levitate above the banks
and seemingly defy gravity by flowing uphill, like a painting by
M. C. Escher. Like a pair of lovers intertwined sinuously in a conjugal embrace and exchanging body fluids, these streams are inextricably linked to underground aquifers that discharge into them.
Although we tend to think of snowmelt from the mountains providing most of the surface runoff, it is the hydraulic connection
between ground water and surface water that is more important to
maintaining the base flow of a stream.
Many streams in mountain valleys are recharged annually by
spring and summer snowmelt. Surface runoff cascades down through
mountain meadows into coniferous forests, where it supplies the tributaries with the bulk of their flow at peak discharge during spring and
early summer ‘freshets’. In the forest, some of this water sinks into
the ground to form aquifers. As it percolates through the gravel, the
ground water moves slowly, remains relatively cold, and eventually
reemerges in the tributaries during late summer and early autumn,
providing them with a base flow of cold water during the dry season.
Thus, groundwater is released slowly, over many months, moderating
the difference between the wet and dry seasons. It is this base discharge not the peak discharge that determines fish distribution.
The central geographic feature of eastern Washington is a
semi-arid basalt plateau, characterized by shrub-steppe vegetation,
termed the Columbia Basin. Many of the streams in this region,

such as the entire Crab Creek drainage, Douglas Creek and some
tributaries of the Palouse River (e.g., Cow and Rock creeks), arise
in low relief topography and experience only minor fluctuations in
discharge related to runoff. Instead, most snowmelt sinks directly
into the ground to resupply aquifers. Basin streams are almost entirely dependent upon the water supply from their aquifer.

PALEOZOIC AND MESOZOIC GEOLOGY
A geologic time scale is presented in Table 4.1.
The state of Washington has a complex geological history that
involves numerous violent cataclysms related to plate tectonics
and continental glaciation. The geological theory of plate tectonics
refers to the fact that the earth’s crust “floats” on plates that form
the ocean basins and continents. These plates are not fixed but drift
around the earth’s surface on convection currents produced by the
underlying hot mantle. Thus, these plates are reminiscent of broken fragments of pack ice in polar regions that can break apart or
slam into each other.
Oceanic crust is composed of heavier basalt whereas continental crust is composed of lighter granite; so when an ocean basin
plate collides with a continental plate, the oceanic crust usually
slides underneath the continental crust. This process, termed subduction, forms deep ocean trenches off the coasts of continents.
Sediments, eroding from the continents, fill the trench. Pressure
at depth compresses and melts the sediments into metamorphic
rocks. At the bottom of the trench some of the sediments get hot
enough to melt and form granitic magma, which crystallizes to
form granite and related igneous rocks such as andesite. This process regenerates continental crust when the lighter metamorphic
and igneous rocks rise to form coastal mountain ranges. Often,
these regions are sites of active volcanoes. The Okanogan and
Cascade ranges of Washington were formed in this manner.
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Table 4.1

Geologic time scale, including important events in the evolution of fishes and movement of continents.

Era

Period

Epoch

Cenozoic

Quaternary

Holocene

0.01

Glacial Lake Missoula Flood events (~10,000 YBP).

Pleistocene

1.8

Ice Ages (Northern Hemisphere). Pluvial lakes Bonneville and Lahontan form to the south of ice fields.

Tertiary

Mesozoic

Paleozoic

Precambrian

160

Age
(MYBP)

Geological Events

Pliocene

5

Climate of Pacific Northwest becoming colder

Miocene

23

Cyprinids, Catostimids and Salmonids undergo adaptive
radiation owing the Miocene tectonism. Climate of the
Pacific Northwest mild (wetter and warmer)

Oligocene

34

Cascade Subcontinent docked against North American
continent forming Cascade Range.

Eocene

56

Diversification of Actinopterygian (rayfin) fishes into
most modern orders and families. First salmonid
Eosalmo driftwoodensis

Paleocene

65

Laurasia and Gondwana separate into modern
continents, move away from equator. Mass extinction
event (~65MYBP). Laramide orogeny.
Okanogan Subcontinent docked against North American Continent forming Okanogan Highlands.

Cretaceous

145

Laurasia separates from Gondwana along equator.

Jurassic

200

Crossopterygian and Paleonisciforme fishes dominate.

Triassic

251

Sturgeons (Chondrostei) evolve and diversify.

Permian

299

Pangea Supercontinent; Permian extinction event.
Subclasses Sarcopterygii (lobed fins); Dipnoi (lung fish)
and Crossopterygii (coelocanths).

Carboniferous

360

Subclass Actinopterygii (rayfins): Chondrostei (lung
fish with cartilaginous skeleton); Paleonisciformes (the
most primitive rayfin fish).

Devonian

416

Age of Fishes. Agnatha (lampreys), Placoderms,
Chondrichthys (sharks) and Oteichthyes (bony fish)
diversify.

Silurian

444

First jawed fish.

Ordovician

488

First fishes (jawless) Ostracoderms.

Cambrian

542

First organisms resembling cephalochordates: Pikaia in
Burgess Shales, British Columbia and Haikouella from
Maotianshan Shales, China.
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A second process of plate tectonics is sea floor spreading, which
occurs along mid oceanic ridges and forms oceanic crust. Midoceanic ridges are sites where two oceanic plates are actively separating, forming a rift valley. Molten basalt upwells and is added
symmetrically to both plates. The mid Atlantic ridge is a good
example. This “ridge” runs approximately in the middle, along the
entire length of the Atlantic Ocean. The “ridge” is composed of two
regions of rising basalt separated by a rift valley. The basalt on the
east ridge “flows” or spreads towards Europe and Africa, whereas
the basalt on the west ridge “flows” or spreads toward North and
South America causing the “old-world” and the “new-world” to
move farther apart at a rate of about 2 cm per year. This process is
referred to as Continental Drift.
Initial evidence for Continental Drift included the observations that:
1.

The east coast of South America and west coast of
Africa fit together like pieces of a jigsaw puzzle; and

2.

Matching bands of rock formations, fossils and mineral deposits were discovered along the east coast of
South America and west coast of Africa.

This was first noticed by George Buffon (circa 1750) who
thought that the biographic distributions of African and South
American animals could be explained by it, and Alfred Wegner
(1907) who stated that it was as if an interlocking jigsaw puzzle of
South America and Africa had been drawn on newsprint and cut
out. The matching rock formations, fossils and mineral deposits
enabled geologists to confirm the connection, just like putting the
newsprint puzzle back together enabled the puzzle solver to make
sense of the sentences.
Later, paleomagnetic evidence collected during the
International Geophysical Year or IGY (1957–1958) confirmed
that sea floor spreading was the mechanism by which continental drift took place. Paleomagnetism refers to the position of the
magnetic north pole of the earth gradually shifting over time. The
magnetic direction is noted on topographic maps, and is changed
periodically to account for the “wandering” of the magnetic pole.
Occasionally, magnetic reversals occur such that the North and
South poles shift positions.
Molten basalt upwelling at mid-oceanic ridges contains iron
pyrite crystals that orient to the magnetic pole similar to how iron
filings placed in a bowl of water change their orientation if a magnet is rotated slowly around the bowl. As the magma solidifies into
basalt, the iron pyrite crystals are locked into place, thus providing a permanent paleomagnetic record of the position of the pole.
During IGY, deep sea cores collected on either side of the midAtlantic’s ridge indicated a reciprocal pattern of paleomagnetism.
Cores collected closest to either side of the ridge contained rocks
with iron crystals that were oriented toward the present location
of the pole, while iron crystals in rocks collected slightly farther
away on both sides of the ridge were oriented in a reversed direction. The only interpretation that made sense was if the upwelling
magma was spreading in both directions.
The core of the North American continent formed about 3.4 billion years ago. Today, this region is known as the Canadian Shield,
which lies east of the Rocky Mountains and extends from the Arctic
Ocean to the Great Lakes. The oldest rocks in eastern Washington
and north Idaho are about 1.4 billion years old, composed of seven

distinct formations that are collectively called the Belt Series. These
rocks are of two types: (1) igneous rock composed of faulted, folded,
contorted and crystallized gneiss and schist and (2) metamorphic
rocks composed of shale, quartzite and dolomite. The latter Belt
rocks were thought to have originally been laid down in a shallow
sea along the edge of the ancient North American continent, respectively as siltstones (shale), sandstones and limestone. Sediments
(sands and silts) eroding from the continental land mass were first
converted into sedimentary rock by compaction and cementation.
Later, as the sediment sank deeper into an oceanic trench under
pressure and heat, siltstones were converted into slate, sandstones
to quartzite and limestone to dolomite. The limestone (calcium carbonate) was initially manufactured by biological organisms such as
stromatolites, a kind of cyanobacteria or blue-green algae that utilizes calcium carbonate to cement grains of sand together in concentric growth rings that resemble toad stools. Stromatolites grow
in shallow water habitats. Fossil stromatolites are easily identified
because of their distinctive growth rings. Stromatolite fossils can be
found in a quarry along U. S. Highway 2 near Newport, Washington
(Alt and Hyndman 1984).
In the Paleozoic Era, about 570–300 million years ago, additional marine deposition occurred along this coastal plain.
Fossils in Paleozoic rocks include brachiopods, trilobites, gastropods and cephalopods. Paleozoic fossils occur near Medical
and Silver lakes, Washington. However, relatively few Paleozoic
formations survived to the present in Washington because continual uplift and erosion of the earth’s crust during the Mesozoic
Era wore them away.
About 250 million years ago all of the modern continents were
locked together in a supercontinent called Pangaea. Between 245
and 135 million years ago Pangaea split into northern (Laurasia)
and southern (Gondwana) subcontinents, and about 100–65 million years ago North America began to separate from Europe and
Asia, and South America from Africa, the Antarctic, and Australia,
along the mid-Atlantic ridge. Throughout most of that time the
western coastline of North America was approximately the position of the modern Washington–Idaho border. Several micro-continents that probably resembled the modern island archipelagos
of Japan and the Philippines were situated to the southwest in the
Pacific Ocean. These micro-continents floated on plates composed
primarily of oceanic crust that was moving northeast.
Some of the micro-continents eventually collided with
Washington, becoming the Okanogan and North Cascade regions. The Okanogan micro-continent collided about 110 million
years BP and the North Cascade micro-continent collided about
50 million years BP (Alt and Hyndman 1984). As the Okanogan
micro-continent approached the west coast of the North American
continent, the relatively heavy oceanic crust sank beneath the continental crust, creating a subduction zone, which pulled the shallow sediments of the Paleozoic coastal plain into the bowels of the
earth and deformed them into a belt of folded sedimentary rocks,
termed the Kootenay Arc (Alt and Hyndman 1984). The course of
the Columbia River in northeastern Washington follows along the
western edge of the Arc.
As the ocean trench continued to sink beneath North America,
it gobbled up the old continental crust and formed vast stores of
granitic magma below western Montana, Idaho, and northeastern
Washington. The molten rock cooled and crystallized below the
surface without erupting, forming subterranean structures called
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batholiths or plutons (roots of mountains). During batholith formation, hot gases charged with mineralizing chemicals permeated
these rocks, which caused mineral rich veins of ore to form within
them. Gold, silver, and a variety of heavy metals (e.g., lead, cadmium, zinc, selenium, and chromium) were formed by this process (Alt and Hyndman 1984).
About 94–116 million years ago, these igneous intrusions
pushed upward, which severely folded and faulted the overlying Belt rocks. This was the primary mountain building phase in
the northern Rockies, producing the various ranges such as the
Bitterroots, Coeur d’Alenes and Selkirks. This defined the position of many river valleys in the upper Columbia Basin. Geologists
called this period the Laramide Orogeny. Subsequent erosion exposed the batholiths and their ore bodies, subjecting them to natural weathering processes.
After the 1849 gold rush in California played out, miners
flocked to new “diggings” in northeastern Washington, the Idaho
Panhandle and western Montana by the 1860s. A combination of
placer (working of gravel deposits in rivers) and lode (hard-rock)
mining were used to work the diggings. Mining and ore processing activity exposed the metals and introduced them into streams
at rates far in excess of natural weathering. This resulted in stream
metal loads that were orders of magnitude greater than natural
background concentrations. An order of magnitude refers to increasing the concentration by powers of 10 (i.e., 1, 10, 100, 1,000,
etc.). In some streams where mining was concentrated, such as the
South Fork of the Coeur d’Alene River, where fabulous deposits of
ore were discovered in the Silver Valley mining district at Kellogg,
Idaho, the metals accumulated to levels that were toxic to fish and
wildlife. Ellis (1940) reported that by 1932, both the South Fork and
Coeur d’Alene River below the confluence at the South and North
forks were barren of fish. Fish placed in cages at the mouth of the
Coeur d’Alene River all died within 24 hours in the turbid water. In
contrast, steamboat pilots who conducted excursions up the Coeur
d’Alene River in the 1870s and 1880s, reported that the same sections
of the river abounded with cutthroat trout that could be seen by
passengers looking down from the deck into the transparent water.
Many of the metals settled to the bottom after entering the
quiet waters of Coeur d’Alene Lake. In 1982, measurements of metals in the bottom sediment indicated that sediments laid down
before mining activities commenced in 1868 contained almost undetectable levels of heavy metals whereas those laid down after that
date contained 25% (by weight) heavy metals (Woods 1989, 2004;
Woods and Bock 1997; Woods and Beckwith 2008). The bottom
sediments of the lake are contaminated with 83 million tons of
heavy metals. Plumes of metal laden water were later traced across
Coeur d’Alene Lake to its outlet (Spokane River). The metal flowed
down the Spokane River and suppressed phytoplankton production in the Spokane River at least as far downstream as Long Lake
(Green et al. 1976, 1978; Soltero et al. 1978; Anderson and Soltero
1984). Pollution abatement commenced in 1972 and by 1978 migratory fish were again found in the lower Coeur d’Alene River.
To put the extent of this mineral wealth into perspective, it
should be remembered that the gold fields of California and the
Yukon’s Klondike were discovered and abandoned within the space
of 10 years, whereas the silver and gold deposits in northeastern
Washington, Idaho panhandle and western Montana are still being
worked 140 years after their discovery. It was a boon to the economic development and population growth of the Spokane–Coeur
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d’Alene region but continues to negatively impact the populations
of native fishes, aquatic invertebrates and other aquatic organisms.
During the Triassic, Jurassic, and Cretaceous Periods of the
Mesozoic Era (245–65 million years BP), which included the Age
of Dinosaurs, crustal uplift associated with the Laramide Orogeny
precluded deposition of fossils in the northern Rockies. This is why
dinosaur bones are not found in the region. Their bones occur in the
Great Plains along the Missouri and Platte River Basins, and in the
Uinta Mountains of the Colorado Plateau in Wyoming, Utah and
Colorado. These regions were relatively stable during the Mesozoic.
To sum up the Paleozoic and Mesozoic geology of eastern
Washington, the Washington-Idaho border represented the west
coast of the original North American continent. In the Paleozoic a
shallow coastal plain paralleled the margin of the continent. In the
Mesozoic, sea floor spreading caused the Okanogan micro continent
to butt against the North American continent, buckling the coastal
plain, and establishing a subduction zone and ocean trench along
coastline that filled with eroding sediments from the continent. As
the trench sank below the coastline, it subjected the sediments accumulating in it to extreme heat and pressure, forming batholiths
of mineral rich metamorphic and igneous rocks below the margin
of the continent. By the middle of the Mesozoic, these rocks began
uplifting in a mountain building episode (Laramide Orogeny) that
formed the “Inland Empire” region of the northern Rockies. Only
remnant fossils exist from either geologic era because the deformation associated with, and subsequent erosion that followed, these
events obliterated nearly all traces of Paleozoic and Mesozoic rocks.
Eventually, the Okanogan micro-continent fused to the old North
American Continent and became part of it. Thus, Washington State
grew more or less by accretion, being assembled piecemeal as island
micro continents became attached. The central feature of the region,
the Columbia Plateau, had not been formed yet.

CENOZOIC GEOLOGY
(MIOCENE AND PLIOCENE VOLCANISM)
In the late Mesozoic, the uplifted mountain ranges of eastern Washington and north Idaho, including the newly added
Okanogan micro-continent began to erode and develop more
relief as rivers incised ravines and canyons in the landscape. The
rivers drained south and west into a sea that gradually uplifted to
form the Columbia Basin.
By the onset of the Cenozoic Era (60–65 million years BP)
the river drainages became entrenched, forming a labyrinth of
mountain ranges incised by a trellised network of tributary valleys. At that time Clark Fork, Pack, and Priest Rivers were thought
to have drained south into the Rathdrum River, which flowed
southwest through the Rathdrum Prairie toward Spokane. The
St. Joe and St. Maries River (Idaho) drained northeast to join the
Rathdrum River east of Spokane. The Rathdrum River was the
ancestor of the modern Spokane River. The ancestral Pend Oreille
River drained southwest through the valley now occupied by the
Little Spokane River. The ancestral Columbia River drained south
along the point of intersection (Kootenay Arc) between the old
North American continent and Okanogan subcontinent. After
the North Cascades micro-continent collided with the Okanogan
micro-continent about 50 million years BP, the Okanogan Valley
formed in the intersection where the two micro-continents were
fused (Alt and Hyndman 1984).
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About 20–40 million years BP, oceanic crust (the Pacific Plate)
formed another trench along the western coastline of the North
Cascades micro-continent and is still sinking beneath it. This had
two consequences. First, it created an arc of batholiths that formed
the Cascade Volcanoes including the peaks of Mount St. Helens,
Mount Rainier, and Mount Baker. Second, uplift of the trench material formed the Olympic Peninsula (Alt and Hyndman 1984).
Active centers of volcanism occur where two crustal plates
are aligned in parallel, so that the trench associated with the oceanic crust, slides perpendicularly beneath the continental crust.
However, sometimes one plate slides along another plate instead of
beneath it. This shearing action produces transform faults. An example is the San Andreas Fault in California. The shearing action
causes secondary block faults to form perpendicular to the main
fault line. The segment between two adjacent block faults may sink
forming what is called a graben valley. Typically, no volcanic activity is associated with transform movements.
Apparently, something of this sort occurred temporarily in the
North Cascades about 16 million years ago because volcanic activity in the Cascade Range abruptly ceased. A number of graben valleys developed on the eastern slopes of the Cascade Range at this
time which established many of the principle drainage basins. For
example, the Methow and Wenatchee Rivers flow through graben
valleys. Alt and Hyndman (1984) speculated that the shearing of
the Pacific Plate against the North American Plate wrenched the
adjacent Columbia Basin enough to open longitudinal fractures.
Molten basalt in the mantle welled up and flowed laterally out of
these fissures across the terrain to form the Columbia Plateau. A
series of about 200 separate lava flows continued throughout the
Miocene Epoch, roughly 16–6 million years BP. As the lava cooled
and solidified, it became jointed and formed distinctive vertical
columns of columnar basalt. The columnar joints weakened the
basalt and made it potentially erodable. As the layers of lava accumulated they gradually buried older granite rock. By the time
volcanic activity ceased, the lava flows in some parts of the plateau
had accumulated to a combined thickness of nearly 10,000 feet. A
few high granite hills or “steptoes” such as a Kamiack and Steptoe
Buttes (Whitman County) and Magnuson Butte (Spokane County)
were the only remnants of the pre-basalt age.
Originally the path of the Columbia River flowed to the south
through Grand and Moses Coulees. Lava extrusions on the northwestern rim of the Plateau diverted the Columbia River to a more
westerly course, forming the “Big Bend” Reach, where the river
flowed between the basalt of the plateau and granite hills of the
Okanogan and North Cascades. The Columbia cut a deep gorge
along this new pathway.
Starting about 12 million years ago, the immense weight of all
the Plateau basalt caused the earth’s crust to gradually sink inward
near the center, forming the bowl shaped Columbia Basin (Alt and
Hyndman 1984). Elevations are about 2,500 feet at the rim and 500 feet
in the center (near the Tri Cities of Kennewick, Pasco and Richland).
To relieve pressure, as it sank, the basalt buckled and became folded
into monoclines. The Saddle Mountains, Frenchman Hills and Horse
Haven Hills in south central Washington are examples.
The basalt columns became fractured, which provided erosion
pathways that helped to form the drainage network on the Plateau.
The upper and lower portions of the Grand Coulee were formed in
this fashion. By about 6 million years ago the major drainages of
the plateau had become established. The two major rivers draining

the Plateau are the Palouse River (south) and Crab Creek (north).
Both of these rivers run through rim-rock canyons with picturesque basalt terraces and columns encrusted with vibrant limegreen, yellow and orange lichens.
Silt, eroded from the Cascade Mountains, collected in alluvial
fans and temporary lakes between the base of the mountains and the
“foothills” formed by the monoclines. The Ringold Formation, which
forms the White Bluffs along the Hanford Reach of the Columbia
River, is an example of this type of sediment deposition. The Ringold
Formation is characterized by fine chalky silts. In the Pliocene, about
6–2 million years BP, the climate became more arid and dried out
these fine, powdery eolian deposits (loess), and blew them eastward
across the plateau in dust storms rivaling those produced during the
Dust Bowl Era. Periodic eruption of the Cascade volcanoes added
a volcanic ash component. In eastern Washington, the wind blown
loess and ash were deposited over the basalt, accumulating to depths
of 180–200 feet at some locations. The loess formed the “Palouse
hills” that resemble sand dunes, with steep northeast faces and sloping southwest faces (Alt and Hyndman 1984).
The Palouse soil is fertile and highly erodable, and subject to
some of the highest rates of erosion reported in North America
and the world, particularly in the Palouse sub-basin where the
thicker deposits are located. Relatively less loess accumulated in
the Crab Creek Basin.
Peterson (1922) and Campbell (1927) recorded loess accumulation in the Palouse, between Spokane, Washington and Moscow,
Idaho, before (and during) the Great Depression. At some locations the yearly accumulation of dust was as much as 7,500 lb ⁄ acre.
In March 1917, a single day’s dust storm produced 600 lb of dust
per acre! At this rate, the dust would accumulate to produce four
inches of top soil per century (0.04 inches ⁄ year). On 19 August,
1922 and 16 October, 1923 at Spokane:
“The dust had the appearance of a yellow fog [and] …
was so dense that it shut out the sky … the sun had the
appearance of a very pale moon … when the rain began,
the first drops were liquid mud, which made great brown
patches on umbrellas and clothing. The window panes in
Spokane, the next morning, were so dirty that it was impossible to see through them” (Campbell 1927).
The dust storms were attributed to activities that broke sod,
such as ploughing cropland and road construction, which once
again set free the loess to blow in the wind. These figures and descriptions show how it was possible for loess to accumulate into
the dune-like Palouse Hills.
Even more impressive than the accumulation of loess is its rate
of erosion. Since the Palouse was first cultivated in 1885, it was
estimated that 40% of the Palouse soils have been lost to erosion
(Pimental et al. 1995). From 1939 through 1977, the average annual
rate of erosion in the Palouse River Basin was 14 tons ⁄ acre of cultivated cropland (USDA 1978; Ebbert and Roe 1998), with maximum
rates up to 200 tons per acre (Veseth 1985). Respectively, the rates
amount to the loss of 14 (average) and 100 (maximum) inches of
topsoil per century! When compared to the corresponding accumulation rates of 4 inches per century, these figures show just how
destructive this erosion was.
Although dust storms of the magnitude needed for the above
accumulation are stamped permanently in our memory, few of us
realize that human agricultural activities are shifting far more loess
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more rapidly than natural events ever did. The evidence could be
seen in the chocolate waters of the Palouse River and its tributaries.
Much of this sediment has been carried down the Palouse River.
The sediment load of the Palouse River at a U. S. Geological Survey
Gauge at Hooper, Washington averaged 2.8 tons per acre foot of
water discharged between 1962 and 1971. The maximum was 10
tons per acre-foot of water discharged in 1963.
In 1972, Public Law 92–500 mandated the Washington
Department of Ecology to develop a plan to reduce sediment loads
in rivers. The final plan was approved in 1979. Several strategies
were employed to reduce runoff, including: terraces, strip-cropping, planting trees, shrubs and grasses in riparian zones, no-till
seeding, and placing sensitive areas (e.g., riparian corridors) in the
Crop Reserve Program (CRP), which provides a financial incentive
to farmers not to farm their lands. These activities have been successful in reducing erosion. In 1979, only about 7,680 acres of the
1.2 million acres of cropland in the Palouse Basin were under erosion control, whereas, by 1994, 445,000 acres were under erosion
control. Because of the priority placed on protection of riparian
zones, an even greater benefit was realized in reducing sediment
input into the Palouse River. From 1993–1996, sediment discharge
into the Palouse River averaged 1.4 tons per acre-foot of water discharged at the Hooper gauging station, or about half the average
amount recorded between 1962 and 1971.

CENOZOIC GEOLOGY
(PLEISTOCENE GLACIATION)
The Great Ice Ages commenced about 2 million years BP. Immense
continental glaciers, called the Laurentian Ice Field in the east and
the Cordilleran Ice Field in the west, were the dominant features
of the North American landscape. These ice sheets advanced and
retreated four times from about 2 million to 10,000 years ago.
Advancing glaciers ploughed through rock and soil, and pulverized it into glacial alluvium composed of dust, silt, sand, gravel and
cobble. At their southern terminus, melting ice poured off the glaciers in cataracts, depositing immense quantities of these glacial
outwash sediments in terminal moraines, kames and in braided
river channels. Some glacial sediments accumulated in under ice
rivers, forming eskers. During interglacial periods, the climate in
the Pacific Northwest was arid and conducive to drying these finer
sediments into powdery loess. Swirling winds down drafting off
the ice caps picked up the loess and added it to the Palouse.
Freshwater and anadromous fishes survived in glacial refugia,
south of the ice sheets. Along the west coast, some fishes survived
in Pacific refugium which included the lower Columbia River
(McPhail and Lindsay 1986). Other fish survived in the Beringia
refugium (Lindsay and McPhail 1986). [During the ice ages the
Bering Sea region between Siberia and Alaska was ice free. During
the periods of ice maxima, the continental glaciers trapped so
much global water sea levels were lowered so much that a land
bridge formed connecting Asia to North America.] Still others
survived in deep glacial lakes such as Glacial Lake Missoula that
occupied much of western Montana.
The last of the great ice advances, called the Wisconsin
Glaciation, began about 70,000 years and ended about 10,000
years BP. Between 16,000–12,000 years ago, glaciers were actively moving, from the Cordilleran Ice Field in southern British
Columbia and Alberta into the United States along the valleys
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of the Okanogan and Kootenai rivers. These tongues of ice established conditions that transmogrified the northeastern portion of the Columbia Basin into a geological province known as
the Channeled Scablands, which are canyons incised into the
Columbia Plateau basalts.
The Okanogan ice lobe advanced across the Columbia River
and dammed it in the vicinity of where Grand Coulee Dam is now
located. This prevented the Columbia from flowing through its
normal channel around the “Big Bend” and created Glacial Lake
Columbia, which rose to an elevation of about 2,346 ft above sea
level. At the ice dam, the lake was about 1,300 feet deep. For comparison, the current elevation of Lake Roosevelt, the Reservoir behind Grand Coulee Dam, is at full pool, 1,290 ft. above mean sea
level, and the surface elevation in the forebay of the dam is about
400 feet above the old river bed.
The ice dammed Columbia back-flooded up the Spokane
Valley and its tributary valleys eastward into northern Idaho. A
deep (Lake Columbia I) and shallow (Lake Columbia II) phases
of Lake Columbia have been recognized at water surface elevations of 2,346 ft (715 m) and 1,640 ft (500 m) respectively (Flint
and Irwin, 1939, Atwater, 1986, 1987). The ancient lakeshores are
represented by terraces at these elevations along the Columbia and
Spokane Rivers. These terraces represent wave action of glacial
Lake Columbia scouring beaches on the old lake shore. As the lake
elevation fell, benches were formed at several elevations. Fine glacial outwash sediments composed of multicolored silts and clays
settled out in the quiet waters behind the ice dam as varved beds.
The sandstone and chalk cliffs along Lake Roosevelt are remnants
of this sedimentary deposition and are highly erodible. When they
became permeated with water after Grand Coulee Dam was constructed and Lake Roosevelt filled, the result was mass wasting
where large chunks of sandstone slumped into the lake producing
seiche waves 60 ft high (Jones et al. 1961): The most recent slump
occurred in the Spokane arm of Lake Roosevelt in the winter of
2009 and produced a seiche wave of about 30 feet.
Water spilled out of glacial Lake Columbia and was diverted,
through the Grand Coulee. Midway along its course the water cascaded over an escarpment 350 ft. high and 15 miles long, hydraulically scouring plunge pools at the bottom. Below these falls, rivers
flowed in an anastomosing network of braided channels that coalesced and drained through a scabland channel into Moses Lake,
the Potholes region and finally into lower Crab Creek. After the
glaciers retreated and the Columbia resumed its normal course
around the Big Bend, the escarpment became the “Dry Falls” and
the plunge pools formed remnant Lakes (Alkali, Blue, Deep, Dry
Falls, Lenore and Park Lakes). In 1941 the United States Bureau of
Reclamation dammed the lower end of the Upper Grand Coulee
and began pumping water from Lake Roosevelt into this waterway,
creating Banks Lake, Billy Clapp Lake, and a series of canals that
form the Columbia Basin Irrigation Project.
The Kootenai (or Purcell) ice lobe advanced along the Kootenai
River valley and then followed the Purcell trench (Pack River
Valley) into the Pend Oreille Lake Basin. The tongue of ice blocked
the Clark Fork River near where it joins Pend Oreille Lake and
backed it up, creating glacial Lake Missoula, the largest of the ice
age lakes in the west.
Glacial Lake Missoula was a huge lake. It had a surface area
of 3,000 square miles and maximum depth of about 2,000 feet
(Allen et al. 1986). It contained over 500 cubic miles of water, or
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about one-half the volume of Lake Michigan (Weis and Newman
1971; Allen et al. 1986). Periodically, about 40 times over a period of
2,200 years (about 15,000–12,880 years ago), the ice dam failed and
Glacial Lake Missoula emptied within a few hours or days, causing a series of “outburst floods” or “jökulhlaups” of near biblical
proportions that were responsible for creating the modern channeled scablands topography. Up to 380 cubic miles of water was
flushed downstream at a rate of 386 million cubic feet per second
(CFS) at speeds of 30–50 miles per hour (MPH) (Allen et al. 1986).
First called the Spokane Flood (Bretz 1919, 1923a, 1923b, 1925, 1927a,
1927b, 1928, 1930a) and later the Missoula Flood (Pardee 1942; Bretz
1969, Waitt 1980, 1983, 1984, 1985; Weis and Newman 1971; Atwater
1984; Allen et al. 1986), the flood waters inundated nearly 16,000
square miles of eastern Washington to depths of 400 feet (Allen
et al. 1986). The churning waters carried massive boulders and immense chunks of ice that eroded Columbia River basalts in eastern Washington into a network of channels called the Channeled
Scablands. When these waters returned to the Columbia River, the
flow of the Columbia contained about 10 times the flow of all the
rivers in the world today (Allen et al. 1986)!
The flood waters swept across the Rathdrum Prairie onto the
north rim of the lava flows and entered the valleys of the Spokane
River, Crab Creek and several tributaries of the Palouse River.
Flood currents were so turbulent and powerful that they almost instantaneously scoured the loess soil cover and exposed the jointed
basalt underneath. The flood sliced through the jointed blocks of
columnar basalt like a knife through butter, hydraulically blasting
out deep canyons, producing a landscape that resembled a maze.
This scouring of the basalt scab rock created cascades, waterfalls,
plunge pools and depressions that resulted in distinctive lake
chains that characterize Crab Creek and Palouse River tributary
streams (e.g., Lake Creek in the Crab Creek drainage, Rock Creek
and Cow Creek in the Palouse River drainage).
The ice age floods generally followed three paths called CheneyPalouse, the Upper Crab Creek, and Grand Coulee tracts. Water
spilling southwest from the Rathdrum Prairie created a network
of channels, including Cow Creek and Rock Creek tributaries of
the Palouse River. A wall of water estimated at 200 feet high and 8
miles wide spilled through the Cow Creek Drainage near Sprague,
Washington completely denuding 100 feet of Palouse soils to the
basalt scab rock (Allen et al. 1986). The Palouse River formerly
flowed down Washtucna Coulee and joined Esquatzal Coulee near
present day Washtucna and Kahlotus, to join the Columbia above
the junction of the Snake River. The flood cut a new channel due
south from Hooper, Washington, creating the imposing 190 ft high
Palouse Falls and narrow 200 feet deep chasm below the falls that
connected to the Snake River about 60 miles above its confluence
with the Columbia (Weis and Newman 1971; Allen et al. 1986).
Flood waters also spilled from the Rathdrum Prairie down the
Spokane River into Glacial Lake Columbia and overtopped their
banks, resulting in scour channels, called the Crab Creek and Grand
Coulee tracts. The upper Crab Creek tract lies roughly between U. S.
Highway 2 (north) and Interstate 90 (south). Crab Creek generally flows from an eastern to western direction. Several tributaries
(Bluestem, Coal, Cannawai, and Wilson creeks) flow through flood
scoured channels, oriented from the northeast to southwest to join
Crab Creek, indicating the floods path. In the Crab Creek Basin
the floods scoured with such force that even the basalt layers were
converted into a series of steppes, buttes, and mesas.

Farther west, along the Grand Coulee tract flood waters added to
Glacial Lake Columbia spilled over the escarpment separating the upper Grand Coulee from the lower Grand Coulee. Whirlpools in the
plunge pools undermined the basalt ledge and caused the lip of the
escapement to collapse and form a new lip farther upstream, resulting in a horseshoe shaped recessional gorge (similar to Niagara Falls).
Water spilled over a series of falls. The largest of these was the 350 ft.
high, 3 mile long Dry Falls, which marked the position at the end of
the Spokane Flood. During the height of the Spokane Flood, water 200
feet deep flowed over the top of these falls; so much water that the fall
was probably submerged or resembled a cascade (Allen et al. 1986).
Water from the upper Crab Creek and Grand Coulee tracts
joined at Moses Lake and welled up against two east–west oriented
mountain ranges: Frenchman Hills and Saddle Mountains, which
backed up water into Quincy Basin and slowed velocity so that the
flood began depositing, instead of scouring, debris. Basalt boulders 30 feet in diameter were deposited. Some water flowed west
along the lower Crab Creek Channel between Frenchman Hills and
Saddle Mountains but most flowed south and joined the Columbia
near the confluence at the Snake River at Wallula Gap (near Pasco).
Some of the boulders can be seen along State Highway 17 south of
Soap Lake, Washington.
Wallula Gap was a bottleneck that restricted the flow of the
flood waters, causing them to back up and form Lake Lewis in the
Pasco Basin. Lake Lewis attained a maximum depth of approximately 1,225 feet above MSL (Allen et al. 1986). The Tri Cities of
Richland, Pasco and Kennewick, Washington would have been
submerged under 800 feet of water! Wallula Gap slowed the floodwaters sufficiently to cause deposition of sediments in Lake Lewis.
The estimated current velocity of the Columbia River out of
Wallula Gap approached 50 mph and discharge was estimated at
400 million CFS (40 cubic miles per day for a period of at least 10
days), compared to a maximum current velocity of about 1 mph
and maximum discharge of 0.7 cubic miles per day during the largest historical flood on record (1948) (Allen et al. 1986).
As the flood raced down the Columbia Gorge, contained in its 600
foot high vertical cliffs, it completely filled the valley to near the top
of chasm. Its treacherous currents removed overlying soil and talus
clean to the bedrock, leaving behind basalt terraces that descend to
the river in a series of steps. At present, tributary streams burst over
these terraces at many locations creating numerous spectacular, misty
water falls that act like a prism to refract and separate light into its
interference colors, producing a multitude of shimmering rainbows.
A second bottleneck near Kalama, Washington restricted flood
waters causing them to back up into the Willamette River Valley,
Oregon, forming an ephemeral lake with a surface elevation of
about 393 ft. (120 m) above sea level. Much of the Palouse soil
eroded by the flood was deposited there, creating rich farmland.
Throughout its course the flood transported huge boulders, composed of the old continental crust and Belt Supergroup rocks, on
top of the Columbia lava field. Geologists call these rocks “erratics”
because they are far removed from their place of origin. Many of
these boulders (some the size of houses) were gouged by glaciers and
transported in icebergs before being dumped as the icebergs melted.
From a fisheries perspective, the plunge pools produced by the
flood(s) created numerous barrier falls in these basins that isolated fish populations by preventing upstream migration. In the
Spokane Basin, Spokane Falls formed a barrier falls. In the Palouse
Basin, Palouse Falls and Little Palouse Falls (Palouse River), Lower
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Cow Creek Falls and Upper Cow Creek Falls (Cow Creek), Towell
Falls, Rock Creek Falls, Rock Lake and Pine Creek Falls (Rock
Creek) formed barrier falls. Palouse Falls was 190 feet high and
blocked anadromous salmonid migrations about 10 miles upstream from the mouth. In the Crab Creek Basin, Crab Creek Falls
(Crab Creek), Wilson Creek Falls (Wilson Creek) and Deltzer Falls
(Lake Creek) formed barrier falls.
When Harlen Bretz (1923) first proposed that catastrophic
floods formed the channeled scablands topography, his hypothesis
was met with skepticism by the geological community. Bretz had
asserted that “fully 3000 miles of the Columbia Plateau were swept
by the glacial floods.” He demonstrated that the geological landforms of the plateau were consistent with the concept of a great
flood but was unable to come up with a plausible explanation of
where so much water had come from.
Why did Bretz have trouble in convincing other geologists about
his theory? For much of the 19th century geologists had debated the
merits of two competing theories of Geology: Catastrophism and
Uniformatarianism (gradualism). Catastrophism theory held that
sudden, violent cataclysmic events such as floods, earthquakes,
and volcanic eruptions were primarily responsible for creating
geological topography. Part of the reason catastrophism appealed
to many geologists was that it was consistent with a relatively short
age of the earth. In the early 1700s biblical scholars, who added up
the ‘begats’ section of the Bible’s “Book of Genesis”, concluded that
the earth could be no more than about 6,000 years old. Since most
biologists and geologists in the 18th and 19th centuries took courses
in “Natural Theology” rather than natural history, and a Doctrine
of Natural Theology said that the earth was young, most of the
naturalists of this time ascribed to the notion of a young earth.
In contrast, uniformatarianism theory held that “the present
was the key to the past”, that geological processes occurring in the
past were not different than those occurring today. In particular,
proponents of this theory believed that ordinary wind and water
erosion at one location, which results in the gradual deposition
of sediments at a different location (called a ‘basin of deposition’),
could explain most geological land forms. Since erosion and sedimentation occurs very slowly, uniformatarianism requires immense amounts of time (millions or billions of years). By the early
1860s geologists had measured the rates of erosion and accumulation in basins of deposition. When they thought about how slowly
sediment deposition occurred (a fraction of an inch per year),
compared to the thickness of sedimentary layers (some, like the
Grand Canyon, being miles thick), they began to realize that the
earth was much older than originally thought. By the late 1800s
and early 1900s the gradualists had won the argument. The religious paradigm of a young earth had been rejected and replaced by
a new non-sectarian paradigm (an old earth). Consequently, most
geologists associated catastrophy theory with the young-earth
world view and would not have anything to do with it. This was
the reason why they ignored Bretz’s findings for about 40 years.
Then, Joseph Pardee (1940) provided irresistible force for Bretz’s
theory by showing where the water came from. First, Pardee estimated the volume of Glacial Lake Missoula at 500 cubic miles, based
on finding traces of the lakes shoreline at an elevation 950 feet up a
mountain side above the city of Missoula, Montana. Second, Pardee
found ripple marks on the ground near Perma, Montana that could
have been made only by the sudden emptying of the lake. Other
geologists agreed with Pardee’s findings. Pardee speculated that
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Glacial Lake Missoula was formed when a tongue of ice blocked
the Clark Fork River where it entered Pend Oreille Lake, Idaho. An
abrupt failure of the ice dam, he thought, suddenly released all of
the water in the lake over a period of two days to two weeks.
Richard Waitt (1980, 1983, 1984) concluded that there were actually many giant floods instead of just one. He reached this conjecture after noticing that flood sediments deposited in Lake Lewis,
above Wallula Gap, were separated by a layer of volcanic ash from
an ancient eruption of Mount. St. Helens. Based on a careful analysis of flood sediment layers Waitt suggested that perhaps as many
as 40 flood events, of varying magnitude, took place. The last and
greatest of these floods was designated the Spokane Flood.
To sum up the Cenozoic geology of eastern Washington, the
North Cascades micro-continent collided with and then was conjoined to the North American continent during the Paleocene and
Eocene Epochs. This was followed by subduction of the Pacific
Plate, forming a trench, beneath the North Cascades, which resulted in Oligocene volcanic activity in the Cascades. Transverse
movement of the Pacific Plate against the North American plate
during the Miocene temporarily halted volcanic eruptions in the
Cascades. The wrenching action ruptured the crust in the adjacent
Columbia Basin, forming fissures, resulting in a succession of lateral basalt flows that formed the Columbia Plateau. Subsequent
warping and settling of the heavy basalt buckled the plateau, which
formed a range of foot hills on the eastern border of the Cascades.
Sediments (silts) eroding off the Cascades accumulated as alluvial
fans in basins of deposition between the mountains and foothills.
During the Pliocene, the climate became arid and winds blew the
powdery dust east across the Columbia Basin, which buried the
basalts in the eastern portion of the basin under as much as 200 feet
of loess, forming the Palouse district of eastern Washington and
north Idaho. These events shaped the modern river drainage network of eastern Washington. By the end of the Pliocene, the Pacific
Plate had resumed sliding under the North American plate; resulting in recurrence in the eruption of Cascade volcanoes. Eruption of
Mount St. Helens in 1980 was the most recent event.
During the Pleistocene Epoch, commencing about 2 million
years ago and ending about 10,000 years ago, continental glaciers
covered much of the North American continent southward to a latitude of about 46–48° North. Lobes of ice scoured the river valleys
and formed large glacial lakes. Periodic failure of the ice dam that
formed glacial Lake Missoula resulted in the Bretz floods, which
scoured the Columbia Basin and formed the Channeled Scablands
south and west of Spokane, Washington. The Bretz floods defined
the modern river drainages along the Spokane and Palouse Rivers
and Crab Creek.

AQUIFERS
The Relationship Between Aquifers
and Surface Water
The Chamokane Valley aquifer illustrates how various glacial
events contributed to the formation of complicated aquifer systems in the Columbia Basin, and that the relationship between
the aquifer and surface water (Chamokane Creek) are intimately
related (Buchannan et al. 1988). Several types of glacial deposits
filled the valley. Initially, glacial outwash sediments, primarily
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coarse grained sands and gravels, spilling off the Colville lobe
of the Cordilleran ice sheet, were directed down the valleys of
Chamokane Creek and the west branch of the Little Spokane River.
Later, Glacial Lake Columbia backed up waters into both valleys.
Fine lacustrine silts and clays sedimented out in still waters of the
lake and covered the coarse glacial outwash sediments.
Still later, outburst floods from Glacial Lake Missoula sent
surges of water through the Chamokane and Little Spokane valleys, depositing additional coarse grained sands and gravels on top
of the fine sediments. Kiver and Stradling (1982) found evidence
suggesting that, in addition to being routed through the Rathdrum
Prairie into the upper Spokane River, Lake Missoula outburst
floods were also routed along another corridor down the Pend
Oreille River through the Scotia Valley and into the Little Spokane
River drainage. A portion of this flood sloshed across a divide near
Loon Lake into the Chamokane Basin.
So, the Chamokane Valley aquifer system is composed of two essentially independent aquifers: An upper unit composed of coarse
Missoula flood sediments and a lower unit composed of coarse
glacial outwash sediments (Buchannon et al. 1988). The two units
are separated by fine impervious lacustrine (Lake Columbia) sediments that generally prevent the exchange of water between them.
Chamokane Creek is associated with the upper aquifer. Chamokane
Creek arises in the Huckleberry Mountains north of the Spokane
Indian Reservation and flows eastward about 24 km to Springdale,
Washington. There it makes an abrupt turn to the south. About 8 km
below Springdale, at the northern boundary of the Spokane Indian
Reservation, the stream enters Walker’s Prairie and abruptly disappears into the ground. It re-emerges about 8 km below this point in
a series of massive springs. From there stream flow is permanent to
its confluence with the Spokane River, about 13 km below the springs.
The outburst flood events filled the Chamokane valley floor
with coarse sediments that have large amounts of space in the
interstices. This makes them highly permeable and allows water
to sink easily through them. Chamokane Creek water disappears
into the coarse sediment of the upper aquifer. The fine clays of
the lacustrine layer below have smaller interstitial spaces, which
makes them relatively impervious, so instead of continuing to
sink through the clay layer, water percolating down through the
upper aquifer begins to move laterally down gradient along the
top of the clay layer. In the vicinity of Ford, Washington the upper
aquifer and clay layer facies are exposed along a bluff and ground
water seeping along the surface of the clay layer re-emerges in five
cold surface springs. Collectively, the springs provide a base flow
of about 24 CFS to the lower 13 km of Chamokane Creek. The cold
water moderates stream temperature during the summer. The
temperature of the springs is relatively stable year-round, so it also
moderates cold winter temperatures. These conditions are conducive to providing near optimal temperatures for trout growth year
round, so lower Chamokane Creek is one of the best producers of
large-sized rainbow and brown trout in the state. In October 1986,
we estimated the brown and rainbow trout populations (± 95%
confidence intervals) in the lower 13 km of Chamokane Creek at
20,633 (± 5,638) and 15,945 (± 3,633) respectively (Scholz et al. 1988).
Total salmonid density was 2,920 trout ⁄ km. There was one catchable trout (> 8 inches) per 1.3 linear meters of stream and one trout
> 1 kg (2.2 lb), up to 4.4 kg (7 lb), per 30 linear meters of stream.
The sub-surfacing of Chamokane Creek through Walker’s
prairie is a natural consequence of the hydrogeology, not human

caused factors. The stream channel through the prairie is maintained by spring freshets which flow above ground when the upper
aquifer is fully recharged. The Spokane Indian word for Walker’s
Prairie is Tshimakain (from which Chamokane on modern maps
is derived). The Spokane word means ‘Plain of Springs’ (Wilkes
1845). The Rev. Elkanah Walker and Rev. Cushing Eells, and their
wives Mary Richardson Walker and Myra Fairbanks Eells, established a Presbyterian mission at Walker’s Prairie, where they lived
among the Spokane from 1839–1848. Walker noted that upon the
prairie, Chamokane Creek subsurfaced and ran underground, the
streambed for most of the year being dry. Walker stated,
“Some places it is a running stream … at others it
wholly disappears and no trace of it can be found for
some distance. Near the bottom of the plain [i.e., at Ford,
Washington], it breaks into a rapid stream” (Drury 1976).
In 1841, U. S. Navy Lieutenant Johnson, under the command of
Capt. Charles Wilkes (United States Exploring Expedition) visited
the Tshimakain Mission and confirmed Walker’s observation.
“A few miles above the mission station … the streams
lose themselves in the earth, and after passing underground for about five miles, burst out again in springs”
(Wilkes 1845).
The development of the Chamokane aquifer and resulting
stream attributes of Chamokane Creek are not unique. Throughout
eastern Washington, many rivers sink into the ground (because
they sink through coarse gravel depositions by Lake Missoula
flood events) only to resurface further downstream. Crab Creek
and several tributaries of the Palouse River, the principle drainage of the channel scablands district of the Columbia Plateau, are
prime examples. In some instances, tributaries of larger rivers sink
into the ground near their mouths. Deep Creek and Blue Creek,
tributaries of the Spokane River and Dry Creek, tributary of the
Little Spokane River, are good examples. Diaries of the earliest settlers indicated that the mouths of each creek were dry during the
summer. Many tributaries of the Sanpoil River also sink into the
ground near their confluence with the Sanpoil. In each case, the
stream is sinking into coarse glacio–fluvial sediments deposited by
outburst flood events. The river channels are maintained by annual
spring freshets, and perhaps autumn rains, and hydraulic continuity is maintained throughout the year via subterranean aquifer flow.
When settlers arrived in eastern Washington from the eastern
seaboard, Midwest and Europe, they were accustomed to streams
maintaining permanent flow and thought that intermittent
streams were essentially worthless; so they had no compunction
about damming, channelizing, or otherwise modifying them.
What the settlers failed to recognize was that the natural drainage actually provided hidden benefits to fish. For example, the
underground flow through the parched, sun-baked Columbia
Plateau, kept the water cold. At points where it re-emerged on
the surface, stream temperatures were sufficiently cool to support cold water fishes like salmon or trout. For example, Barton
W. Evermann and John Treadwell Nichols (1908) observed that
the daytime surface temperature of Crab Creek, at the Rocky Ford
Crossing where it flows through a desolate stretch of desert north
of Ritzville, Washington, was a bone-chilling 58°F in the month of
August. August daytime air temperatures in this region are commonly in the range of 90–100°F. Trout thrived in this stream.
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Salmonids, and probably other native fishes such as suckers and
minnows, evolved complicated life history strategies that enabled
them to occupy and thrive in intermittent streams. Salmonids tend
to be semelparous, which means they spawn only once during
their lifetime. Most migratory salmonids home back to their natal
tributary to spawn, resulting in the formation of discrete genetic
stocks that are adapted to local environment conditions. In each
stock, a portion of the fish may exhibit an anadromous life history
pattern. Other segments of the stock exhibit fluvial, adfluvial or
resident life history patterns.
Anadromous salmonids in the Columbia River system typically
migrate to the ocean in the spring of their first or second year of
life, remain in the ocean for about 1.5–3.5 years, then return in the
fall or spring to spawn in the stream of their birth. Fluvial salmonids leave their natal tributaries to enter larger rivers where they
grow to the adult stage before returning to spawn. Adfluvial salmonids migrate from their natal tributaries either directly to a lake or
into a larger river and then into a lake, where they become sexually
mature before returning to their natal stream to spawn. Resident
fish remain in their natal tributary throughout their lives.
Individuals with anadromous, fluvial and adfluvial life history
strategies tend to migrate either in the spring or autumn (i.e., at
high flows when it is probable that surface water is flowing through
the channels of intermittent reaches). Usually, not all of the migratory segments from one cohort become sexually mature at the
same time; so if a drought occurs and spawning fish are unable to
return to natal spawning grounds because of intermittent flow, a
segment of the gene pool will survive to spawn in the succeeding
year. Even when a period of prolonged drought prevents access of
migratory fish to natal sites for several years in a row, the resident
segment of the population will survive to spawn at the natal site
and their progeny will repopulate the stream.
Individuals unable to reach their natal tributary will often stray
into the territory of another population and spawn with them.
Straying prevents negative consequences of inbreeding that could
potentially result if fish always homed exclusively to natal sites.
Over time, inbreeding increases the number of homozygotes in a
population, which means that the individual has two alleles of the
same type. Ultimately this reduces the genetic variability in a population. Maintenance of genetic variability is important because
it is what allows a population to adapt to environmental change.
Populations with low genetic variability risk extinction. Occasional
straying helps to promote genetic variability in salmonid populations. Thus, occasional “forced” straying caused by inaccessible migration route actually benefits genetic fitness of salmonid populations. In the Columbia Basin, the salmonid gene pool is organized
into what is called a metapopulation (= population of populations)
on account of this beneficial outcome. Metapopulations are resilient to environmental change.
Thus, a major consideration in evaluation of fish habitat is the
continuity between surface waters and the aquifers that supply them.
At the present time land management activities, economic development and population growth are impacting this relationship.
Clear cut logging has great potential to impact aquifer recharge
of streams. Although riparian zones have received protection,
clear cut logging up-slope is still permitted. Snow melt is slowed
by the protective forest canopy which reduces surface runoff and
increases groundwater infiltration. The net effect upon the stream
is to delay the peak runoff and maintain a base flow of cool water
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supplied by the aquifer at the end of summer. In contrast, when a
hillside is denuded by clear cutting, snow melts faster, which increases surface runoff and decreases groundwater recharge. The
net effect upon the stream is to accelerate surface runoff and reduce the base flow at the end of the summer. Stream temperature
may also be elevated when aquifer contribution is reduced.
Numerous accounts by early travelers indicated the mountains
retained their snow pack longer into the summer than they do at
present. For example, Strachon (1861) noted that from a vantage near
Spokane, Washington, “Most of the tops of the distant peaks [of the
Coeur d’Alene Mountains in Idaho] had snow on them” at the end of
July. At present, the snow is gone from these mountains by mid June.
The bull trout (Salvelinus confluentus), a federally listed endangered species is a well known indicator species that does poorly in
forests where extensive clear cut logging has occurred. Formerly,
bull trout were widely distributed in the Pacific Northwest but now
only remnant populations exist at most locations. Bull trout still
occur in good numbers only at locations such as the Tucannon
River, in the Wenaha–Tucannon Wilderness (Blue Mountains) of
southeastern Washington, where the wilderness designation has
kept timber harvest to a minimum. In a study of the Tucannon
population, it was determined that bull trout actively sought out
spawning sites at locations where either cold groundwater recharge occurred in the stream bed or a side tributary discharged
cold water to the river (Martin et al. 1992; Underwood et al. 1995).
I believe that too much attention has been focused on protection
of the riparian zone and not enough paid to the negative impact of
clear-cut logging on the hydraulic continuity between forest aquifers and their streams. I do not advocate a ban on logging but believe it would be prudent to practice uneven age management and
leave some canopy intact to protect aquifer values. Clear-cutting
forests should be relegated to ancient history, except for small forest patches (< 10 acres) that are designed to benefit wildlife.
Aquifer withdrawals for irrigation or municipal uses associated
with population expansion and economic growth have potential
to deplete aquifers, thereby impacting the hydraulic continuity
between the aquifer and surface supply. Two aquifers with very
different properties will be described to illustrate this point. Both
are relatively gigantic aquifers: The Spokane –Rathdrum Prairie
aquifer (with water stored in glacio-fluvial gravel deposits and
used primarily for municipal and irrigation purposes) and the
Odessa Sub-area of the Columbia Basin Aquifer (with water stored
in cracks in basalt and used primarily for irrigation). Despite their
relatively large sizes, in both cases, depletion of these aquifers respectively has potential to affect the surface water supply of the
Spokane River and Crab Creek.
Ground water in an aquifer may be either confined (artesian)
or unconfined (water table). Confined aquifers occur when deep
gravels that store water are overlain by substrates that have low
permeability and, hence, prevent or at least impede the upward
flow of water. Water under pressure will move upward where the
impermeable layers are penetrated by a well pipe. An unconfined
aquifer occurs where there are thick sedimentary deposits of uniform permeability. Ground water tends to flow laterally. In addition to recharge due to infiltration and percolation from rainfall
and snowmelt, the aquifer may gain or lose water at points where
the water table intersects surface waters.
The Spokane Valley–Rathdrum Prairie aquifer is an unconfined
aquifer, composed of coarse gravel, cobbles and boulders depos-
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ited during Glacial Lake Missoula outburst floods and other glacial
events between 10,000 and 1.6 million years ago. The sediments lie
on top of Columbia basalts. The spaces between the coarse sediments became saturated with water, forming the aquifer, which
covers an area of 321 square miles and ranges from about 100–600
feet deep. The aquifer lies roughly between the southern end of
Lake Pend Oreille, Idaho (where the ground water elevation lies at
about 2,150 feet above mean sea level) and the west side of the city
of Spokane Washington (where ground water depth lies at about
1,600 feet above mean sea level). Water flows laterally down gradient between these points. The aquifer is basically an underground
river that percolates through the gravel at a rate of up to 50 feet
per day.
The aquifer is recharged by infiltration from rain and snow melt
in the surrounding watershed (~62%), subterranean flow into the
aquifer from the Spokane River (~35%) and by septic system and
irrigation return flow (~3%). Water from the Coeur d’Alene region
is added to the aquifer via the Spokane River in the vicinity of the
Washington–Idaho state line (Bolke and Vaccaro 1981). The aquifer
loses water by:
1.

Discharge (cold springs) into the Spokane River between Trentwood and Millwood (east Spokane), and
below the confluence of Hangman Creek between
Spokane Community College and Riverside State
Park (west Spokane) (Bolke and Vaccaro 1981);

2.

Discharge (cold springs) into the Little Spokane
River near Dartford;

3.

Ground water pumping; and

4.

Evapotranspiration.

Nearly all of the tributaries (e.g., Thompson, Hauser, Liberty
and Saltese Creeks) with headwaters in the surrounding mountains, after entering the Spokane Valley, sink into the porous aquifer gravels before reaching the river. Several lakes associated with
these streams (respectively Newman, Hauser, Liberty and Shelly
Lakes) have outlets that never connected to the Spokane River
(Molenaar 1988).
“Almost no water from surrounding area flows into the
Spokane River by surface streams. Some of the water from
surrounding watersheds does enter the Spokane River
eventually, not on the surface but as subsurface flow out of
the Aquifer” (MacInnis et al. 2000).
The annual hydrologic cycle of the Spokane River begins with
the spring freshet, composed of surface runoff principally from the
mountains surrounding Coeur d’Alene Lake, Idaho, that peaks in
May or June. During the summer, the volume of discharge over
Post Falls Dam (located near the Washington–Idaho border) is decreased. Moreover, because Post Falls Dam inundates the Spokane
River to the outlet of Coeur d’Alene Lake, the impounded water
being released at the Dam is warm (often in excess of 70°F, too
hot for salmonids). Aquifer discharge contributes about 500 CFS
of cold water to the base discharge of the Spokane River about 10
miles below Post Falls Dam. During this period, salmonids which
are normally found below the Dam in Idaho migrate downstream
into the cool water refuge in Washington. Thus, the aquifer plays a
key role in maintaining instream flow and salmonid habitat.

The Spokane–Rathdrum Prairie Aquifer acts as a storage reservoir with a capacity of 10 trillion gallons. It is like a bath tub
filled with rocks, with the only drains at the top rim of the tub.
Water flows into the aquifer from the surrounding watershed and
out into the Spokane and Little Spokane River just like water flows
into the spigot of the tub and out of the drain. However, the drain
is positioned near the top of the tub instead of on the bottom, in
effect trapping most of the water in the tub (i.e., in the aquifer).
The Little Spokane River “drain” is positioned at a slightly lower
water table elevation then the Spokane River “drain”, so the Little
Spokane will continue to flow even if water has stopped draining
out the Spokane drain.
In 1981, the U. S. Geological Survey estimated that the daily inflow into the aquifer was about 320–650 million gallons and daily
water withdrawal ranged from 160–450 million gallons. A revised
estimate in 2001 indicated that the upper inflow value was only
about 500 million gallons per day. In 1999, a team of hydrogeologists from Idaho Department of Water Quality, Washington
Department of Ecology, Spokane County and Eastern Washington
University estimated the daily water withdrawals ranged from 219–
680 million gallons (MacInnis et al. 2000). The increase in aquifer withdrawal between 1981 and 1988 was attributed to the 25.7%
population growth in Spokane County, Washington and Kootenai
County, Idaho between 1981 (population = 407,501) and 1998 (population = 512,290). Collectively, these data indicated that currently
most of the aquifer inflow is being used, and during high demand
times (e.g., summer) the reserve capacity is being drawn upon.
At first it may appear that a 30–180 million gallon deficit out of
a 10 trillion gallon reservoir is “a drop in the bucket” and not much
of a problem to contend with, especially if enough of the following
spring’s runoff can be captured to fully recharge the aquifer each
year. In fact, it is likely that, because the aquifer gravels and cobble
are so porous, the aquifer would indeed become fully recharged.
However, in continuing our analogy with a bath tub, once the water in the tub drops below the height of the drains, it ceases to flow
out of the tub. In fact, whenever, the inflow is less than outflow,
water will eventually stop draining. Because the elevation of the
water table is at the rim of the aquifer basin where it intersects
the Spokane and Little Spokane River, the aquifer drainage into
these rivers is greatly reduced whenever outflow from pumping
is greater than the inflow. (The depth of the water tables is at 40
feet at the point where it intersects the Spokane River, whereas the
depth at the base of the aquifer basin is closer to 500 feet). There
is still a huge pool of water (most of the 10 trillion gallons) left in
the aquifer that could potentially be pumped and used to encourage population growth and development but this would come at
the expense of maintaining a sufficient minimum instream flow to
protect fish and recreational values of Spokane and Little Spokane
Rivers.
To be sure, the Spokane would continue to flow over much of
the year after the aquifer refilled, and it would probably continue to
have standing water during the dry season, but water would cease
to flow during the critical base flow period in late summer and early
autumn. The effect on cold water sport fish would be pronounced
because the source of cold water would be gone. A good way to
think about this is that aquifer withdrawals compete for the same
water that provides the base flow for the Spokane and Little Spokane
Rivers. Thus, we are left with a stark reality; our society will soon
have to make some hard choices about what is more important:
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continuing what, to date, has largely been unfettered population
growth and economic development in the Spokane Basin or protecting the instream flow of the Spokane River. Although the annual
flow is somewhat variable owing to natural climatic factors such as
the amount of precipitation and periods of drought, it is clear that
the annual base flow of the river has been decreasing for some time.
The minimum discharge of the Spokane River measured at the
USGS gauge at Monroe Street between 1891 and 1903 measured
2,028 CFS. Between 2000 and 2007 the minimum discharge averaged (ranged) 496 (267–860) CFS. This amounted to an average
(range) decline in flow of 76% (58–87%).
There is a substantial amount of evidence that indicates groundwater pumping may already be negatively impacting aquifer discharges into the Spokane River. The U. S. Geological Survey (USGS)
has continuously maintained the Monroe Street gauging station
on the Spokane River below Spokane Falls since 1891, a 117 year
period of record. The 7-day low flow has gradually decreased over
time. Between 1891 and 1910 (n = 20) the 7-day low flow averaged
1,699 CFS (range = 1,300–2,590 CFS). In contrast between 1983 and
2002 (n = 20) the 7-day low flow averaged 933 CFS (range = 300–
1600 CFS) (Figure 4.1). The 7-day low flow period also occurs
about one month earlier (August) than it used to (September).
Since 1913, the USGS has also maintained a gauging station on
the Spokane River below Post Falls Dam, which is upstream from
Spokane. Subtraction of the base discharge at Post Falls from the
base discharge at Monroe Street for the period of record (1913–2003),
yielded an estimate of the aquifer contribution in each year (Figure
4.2). The aquifer contribution was relatively steady from 1913 until
1955 at approximately 550–650 CFS (range = 350–875 CFS) (Figure
4.2), after which it steadily declined to less than 200 CFS (as low as
50 CFS in recent years) (Figure 4.2). Thus, the aquifer is contributing about 300–550 fewer CFS to the river flow than formerly, which
corresponds to ground water rights issued by the Washington
Department of Ecology and its antecedent agencies between 1913 and
1993. The decline in aquifer discharge was approximately inversely
proportional to the cumulative water rights issued (Figure 4.2) and
began to decline shortly after the number of water rights increased
markedly after 1940 (Figure 4.2). What is certain is that the decline in
discharge is not related to decreasing precipitation because the trend
in precipitation has remained stable since 1890 (Figure 4.3).
The above data should be interpreted with caution because they
represent paper water rights and it is unknown if the water was actually used. For example, the City of Spokane has a right of 538 CFS
but currently only pumps about half that amount. Nevertheless,
the data are intriguing because the incremental decline in discharge mirrors the incremental increase in water rights issued. By
inference, if the City of Spokane were ever to actually use all of
the 538 CFS to which it is entitled, it could potentially further reduce the flow of, and dewater the bed of the Spokane River. In this
connection, the City of Spokane has recently constructed a water
supply pipeline to, and sold some of its excess water to, the City
of Airway Heights to help that city make up a water deficit in its
aquifer. The aquifer under Airway Heights has seen its water table
decline in recent years, owing to overpopulation and over pumping.
In this case, should this practice be allowed if it contributes to declining discharge of the Spokane River? I believe that WDOE should
act swiftly to modify (reduce) the City of Spokane’s water rights to
ensure that sufficient flow remains in the Spokane River, especially
if the city has so much water is can sell it to other municipalities.
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The Little Spokane River shows a similar reduction in stream flow
correlated with increased aquifer pumping (Covert 1997). Massive
springs flowing out of the Spokane–Rathdrum Prairie aquifer in the
vicinity of Dartford, Washington contribute approximately 260 CFS
to the mean annual discharge of the Little Spokane River. Both the
annual discharge (Figure 4.4a) and 7-day low flow (Figure 4.4b) of
the Little Spokane River declined sharply as water rights were issued
between 1947 and 1993 (Figure 4.4a). Prior to 1950, when only 40
CFS of cumulative water rights had been issued, the mean annual
flow of the Little Spokane River at Dartford averaged 381 CFS and
7-day low flow averaged 145 CFS (Covert 1993). By 1991–1995, when
168 CFS of cumulative water rights had been issued, mean annual
flow averaged 178 CFS and 7-day low flow averaged 88 CFS (Covert
1997). Precipitation could not explain the decline in discharge. Thus,
the flow decline was attributed to water rights.
Again, these results should be interpreted with caution because
they are based on paper water rights. Since the Little Spokane
Basin is rural, most of these water rights were associated with irrigation. Water meters were not installed on irrigation pumps to
measure the amount of water actually pumped, so it is unknown
if actual pumpage was less, equal to or more than the granted
rights. Clearly, meters need to be installed on irrigation pumps and
monitored by the Department of Ecology. Moreover, correlated
data do not necessarily provide a cause-and-effect relationship.
Nevertheless, as was the case with the Spokane River, incremental
reductions in river discharge mirrored incremental increases in
water rights issued.
An assessment made by the Department of Ecology in 1975
resulted in establishing the minimum streamflows for the Little
Spokane River at four control points: Elk, Chattaroy, Dartford and
the mouth. Minimum instream flows were established for 1 July
to 15 September to protect rainbow trout and mountain whitefish:
38 CFS at Elk, 57 CFS at Chattaroy, 115 CFS at Dartford, and 375
CFS at the mouth. The higher flow at the mouth was produced by
a combination of instream flow at Dartford (115 CFS) and aquifer
recharge (265 CFS). In other months baseflows were established
at Elk (39–52 CFS), Chattaroy (63–165 CFS) and Dartford (123–250
CFS), and the mouth (380–490 CFS). These flows were adopted
into the Washington Administration Code in 1976 (WAC 173-555).
These minimum instream flows were established without first
quantifying fish habitat. When such an analysis was performed
using an instream flow incremental method (IFIM) analysis in
2002, Golder Associates (2003) determined that a 160 CFS minimum flow at Dartford would provide habitat gains for juvenile
and adult stages of both rainbow trout and mountain whitefish,
but decreased the habitat available for fry. Since the limiting life
stage appears to be adult whitefish, the minimum flow at Dartford
should be increased to 160 CFS (at least is should be increased
above the current 115 CFS). Golder Associates (2003) showed that
38 CFS minimum flow provided at Elk and the 57 CFS minimum
flow provided at Chattaroy were generally sufficient to be protective of fish habitat.
Discharge at Dartford was measured at a USGS gauging station
from 1929–1932 and 1947–present (2008). I compared the measured discharge to the base flows established by WDOE: 130 CFS
(1 October), 140 CFS (15 October), 150 CFS (on 1, 15 November;
1, 15 December; 1, 15 January; 1 February), 170 CFS (15 February),
190 CFS (1 March), 218 CFS (15 March), 250 CFS (1 April), 218 CFS
(15 April), 192 CFS (1 May), 170 CFS (15 May), 148 CFS (1 June),
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aquifer flow into the Spokane River between the two dams. Also shown is the total quantity of ground water rights issued (in CFS) from 1913–1992, discharge of the Spokane River
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rights since 1992 (John Covert, WDOE, Spokane, WA, pers. comm.). Since the decline in river flows closely matches the increase in water rights, it was inferred that the decreased
flows were related to pumping of ground water (Data from an analysis performed by John Covert, hydrologist, Washington Department of Ecology, Spokane, Washington).
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(A) Mean annual discharge (CFS) of the Little Spokane River at Dartford decreased about 138 cfs from an average of 352 cfs (1950–1959) to an average of 214 cfs (1985–1994).
From 1995–2010 the discharge of the Spokane River has averaged approximately 309 CFS.
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130 CFS (15 June), 115 CFS (1, 15 July; 1, 30 August; 15 September),
and 123 CFS (15 September). I then determined the number of days
in 10 year intervals during the past six decades that the discharge
did not meet these target flows. The average number of days per
year that the target minimum flows were not met has increased
each decade: 3 days ⁄ year (October 1948 to September 1958), 14
days ⁄ year (October 1958 to 1968), 39 days ⁄ year (October 1968 to
September 1978), 52 days ⁄ year (October 1978 to September 1988),
75 days ⁄ year (October 1988 to September 1998), and 78 days ⁄ year
(October 1988 to September 2008). The majority of the violations have occurred during the summer low flow months (July to
October). For example, during the recent decade (October 1998 to
September 2008), violations occurred an average of 66 days of 123
(54% of the days) per year during July to October. In the low flow
year of 2005, violations occurred on 108 of 123 days (88% of the
days) during July to October.
Stream flows were measured at Elk on 8,415 days between July
1949 and October 1971, and 39 times from 1987–1990. The minimum instream flow was violated on 813 days (10%) in 1949–1971
and 33 days (85%) in 1987–1990. Stream flows were measured at
Chattaroy on 7,671 days between 1975 October and 1996 September.
The minimum instream flow was violated on 2,521 days (33%) during this interval (Golder Associates 2003).
In 1995, water rights permits and certificates issued in the Little
Spokane Basin totalled 496 for ground water, entitling the holders to pump 106,586 acre-feet ⁄ year (or 314 CFS) from the aquifer,
and 741 for surface water, entitling the holders to pump 7,812 acrefeet ⁄ year (or 68 CFS) out of the Little Spokane River or its tributaries (Dames and Moore, Inc / Cosmopolitan Engineering Group
1995). Because the aquifer recharges the river, both types of water
rights divert discharge out of the river.
In the Columbia Basin, groundwater is stored in basalt aquifers. The Columbia Plateau was built by about 200 successive basalt flows, cumulatively 10,000 feet thick. Throughout the Basin,
aquifers flow between the basalt layers. Vertical fissures allow for
exchange of water between the aquifers. Although the aquifers are
interconnected, they behave independently. Artesian water bubbles up through joint fractures to surface water springs.
The Odessa Sub-area, covers 2,000 square miles between
Ritzville and Moses Lake (east to west), and Odessa and
Connell (north to south), in Adams, Grant, and Lincoln counties, Washington. Two basalt aquifers underlie this region. The
Wanapum Basalt Aquifer is shallow and bubbles up at numerous
surface springs that supply water to Crab Creek (upper Crab Creek
Basin) and Cow Creek (Palouse River Basin). The Grande Ronde
aquifer lies about 600–900 feet below the surface.
The Odessa Sub-area is a desert with annual precipitation less
than eight inches per year, which severely limits natural recharge of
these aquifers. The Odessa sub-region was supposed to be included
as part of the 1.1 million acre Columbia Basin Reclamation Project.
When construction of Grand Coulee Dam, Banks Lake and irrigation canals was completed by the early 1960s, none of the initial
irrigation canals supplied the Odessa Sub-area. Instead, after technology for digging and pumping deep wells became available in the
mid-1960s, cheap hydroelectric power produced by Grand Coulee
Dam subsidized irrigation pumping from the basalt aquifer.
Hydrogeologists have estimated that in 1963, only about
14,000 acre-feet of water were annually pumped out of the Odessa
Sub-Area aquifers, compared to 117,000 acre-feet annually by 1970
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and 250,000 acre-feet annually by 2002. Increased aquifer pumping has been accompanied by decreased discharge of Crab Creek
especially during periods of drought.
The USGS gauge (#1246500) on Crab Creek at Irby, Washington
has been operated since October 1943. Between water years 1943
and 1949 mean (minimum–maximum) annual discharge was 68.6f
(27.5–134.8) CFS. At decade intervals thereafter mean (minimum–
maximum) annual discharge was:
• 110.5 (37.5–298.7) cfs in water years 1950–1959;
• 57.1 (23.7–131.0) cfs in water years 1960–1969;
• 47.1 (11.3–118.1) cfs in water years 1980–1989;
• 52.4 (27.0–209.0) cfs in water years 1990–1999; and
• 23.0 (6.3–65.5) cfs in water years 2000–2009.
The average (minimum–maximum) discharge for this period
(October 1942 to September 2009 was 62.4 (0 on several dates between 1969 and 1991, to 8,370) CFS.
Mean monthly discharge over the entire period of record (from
October 1942 to September 2010) was 7.2 cfs in October, 7.4 cfs
in November, 17.0 cfs in December, 980 cfs in January, 206.0
cfs in February, 189.0 cfs in March, 99.0 cfs in April, 48.0 cfs
in May, 34.0 cfs in June, 19.0 cfs in July, 12.0 cfs in August, and
7.2 cfs in September. In contrast, the mean monthly discharge
over the last decade (October 2000 to September 2009) was 3.9
cfs in October, 3.2 cfs in November, 3.4 cfs in December, 23.3
cfs in January, 54.8 cfs in February, 69.0 cfs in March, 62.6 cfs
in April, 35 cfs in May, 18.1 cfs in June, 11.6 cfs in July, 6.7 cfs
in August, and 3.9 cfs in September, which is considerably lower
than for the entire period of record.
Figure 4.5 shows how the summer low flows have declined as the
total numbers of ground water permits issued by WDOE increased
between 1947 and 1995. During this interval the 7 day low flow in
Crab Creek decreased from approximately 5–27 cfs between 1947
and 1956 to 0–4 cfs between 1986 and 1995 (Rushton 2000).
The problem is that irrigators are withdrawing water at a rate
faster than it can be replaced. Hydrogeologists call this practice “mining” because, in this parched landscape, water is not a
renewable resource. By 1970, within about five years after extensive pumping started, the water table in the Odessa Aquifer had
dropped about 50 feet (Luzier and Burt 1974). By 2001, water levels in groundwater monitoring wells placed at various locations
throughout the Odessa Sub-region had dropped 200–300 feet. To
counteract this problem, cities, farmers and domestic water users have had to dig new wells even deeper. This has increased the
cost of agribusiness and is also affecting surface water spring and
creek discharge. It is not likely that residents will drain the aquifer
in the near future because the deeper Grand Ronde Subunit contains a prodigious amount of water. However, it seems probable
that, if withdrawals continue at the present rate, the spring and
stream discharge will continue to be reduced in the near term and
may eventually stop over the long term. The lush oasis that these
habitats provide for invertebrates, fish, amphibians, reptiles, birds
(particularly migratory waterfowl) and mammals could be permanently damaged.
Another problem for most rivers in eastern Washington is that
the WDOE has issued water rights to irrigators that exceed the base
flow at the end of the summer. For example, on the Tucannon River,
Columbia County, the WDOE has issued 228 CFS “on paper” water
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Increased ground water pumping resulted in decreased surface flows in Crab Creek, Grant and Lincoln counties, Washington. Data from Rushton (2000).
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rights for ground and surface waters in the Tucannon watershed
compared to the yearly mean daily flow in the river of 166 CFS.
Tucannon River is the home of three federally listed threatened
species; Chinook salmon, steelhead trout, and bull trout. An IFIM
study documented that the minimum flow required to maintain
Chinook salmon and steelhead trout was 64 CFS (Caldwell 1995;
Covert 1995). For much of the year Tucannon River does not meet
instream flows recommended by the IFIM studies, placing Chinook
salmon, steelhead trout, and bull trout in jeopardy. Discharge (7day low flows) in the river averaged about 50 CFS over the period
of record (1959–1990 and 1995–2008). During the 45 year period of
record, the 7-day low flow matched the recommended IFIM flow
one time, exceeded it four times, and was lower than the recommended IFIM flow 40 times (Figure 4.6). The low flow in the river
was only about 40 CFS in 14 of these 45 years and about 30 CFS in 1
of the years. The number of days the river was below the minimum
flow averaged about 35 from 1959–1979, about 61 from 1980–1990,
and 61 from 2000–2008.
Figure 4.7 shows the mean annual discharge of the Tucannon
River in relation to the cumulative quantity of water rights allocated
by WDOE. Table 4.2 is a record of discharge of the Tucannon River
during the summer low flow period (July to September) from 2000–
2008. It shows the number of days each month that were below the
recommended minimum flow (64 cfs) to protect salmonid fishes.
Over this entire nine year period, an average (range) of 61 (15–91)
days per year were below the minimum flow. The increase in the
number of days the river was below the minimum flow cannot be
attributed to decreased rainfall because precipitation records indicated that annual precipitation had increased slightly over this interval (WDOE 1995) (Figure 4.8). In contrast, river discharge decreased
in proportion to the amount of water rights that WDOE issued. As
of 1950, the state of Washington had issued less than 1,000 acrefeet ⁄ year of water rights in the Tucannon Basin. The total amount of
cumulative water rights issued by the state of Washington increased
to approximately 2,400 acre-feet ⁄ year by 1960, 5,600 acre-feet ⁄ year
by 1970, 7,400 acre-feet ⁄ year by 1980, 11,400 acre-feet ⁄ year by 1990,
and 12,000 acre-feet ⁄ year by 1993. The principle type of water rights
that affected river discharge are those issued for irrigation.
As of 1995, WDOE had issued a total of 67 surface water rights
and 54 groundwater rights in the Tucannon Basin. Additionally,
there were 765 water rights claims on file with WDOE. In 1995,
there were six more water rights applications on file at WDOE,
with three requesting surface water withdrawals from the
Tucannon River and three requesting groundwater withdrawals for irrigation. WDOE has closed the Tucannon River Basin to
consumptive water rights, in effect denying these claims to try to
improve discharge. Ground water in the Tucannon Basin is contiguous with surface water such that it is probable that additional
pumping of ground water will likely further reduce the flow of
the Tucannon River. Riparian zone restoration efforts have been
made in the middle Tucannon River with over 27 miles of riparian buffers created by installing livestock exclusion fencing, thousands of trees planted, and stock and watering tanks placed way
from the river. Also, water consumption was reduced by using
more efficient irrigation technologies.
Many streams throughout eastern Washington were overappropriated in this manner before the instream flows needed to
maintain fish and aquatic life were determined and subtracted to
determine the amount of water that was left to be appropriated.
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Table 4.2

Discharge of the Tucannon River measured at
USGS gauge # 13344500 near Starbuck, Washington
during the low flow months of July to September.
Shown are the average, minimum, and maximum
daily discharge for each month and the number
of days in each month the discharge was below 64
CFS minimum flows to protect salmonid fishes.
Discharge (CFS)

Year

Month

2000
2000
2000
2000

July
August
September
Total

75
51
81

55
44
60

101
61
113

11
31
1
43

2001
2001
2001
2001

July
August
September
Total

57
45
56

47
33
48

70
63
72

27
31
26
84

2002
2002
2002
2002

July
August
September
Total

86
55
60

54
46
53

175
61
69

5
31
22
58

2003
2003
2003
2003

July
August
September
Total

62
55
63

47
47
52

73
70
79

13
27
15
55

2004
2004
2004
2004

July
August
September
Total

57
69
62

47
54
52

67
97
73

28
13
14
55

2005
2005
2005
2005

July
August
September
Total

47
42
53

41
35
46

64
48
59

30
31
30
91

2006
2006
2006
2006

July
August
September
Total

71
57
60

57
50
52

92
63
86

8
31
24
63

2007
2007
2007
2007

July
August
September
Total

56
50
52

48
45
45

68
70
62

28
29
30
87

2008
2008
2008
2008

July
August
September
Total

107
68
66

72
53
55

183
98
75

0
6
9
15
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In the Chewack River, tributary of the Methow River, the average
(range) base flow (1912–1987) was 110 (0–241) CFS in August and
65 (13–230) CFS in September (Mullan et al. 1992). WDOE granted
water rights entitled farmers to divert 87 CFS out of the Chewack
River during this summer low flow period, which means that in
many years the river discharge is reduced considerably and in dry
years the river essentially stops flowing. For example, in 1985, a severe drought year, irrigation withdrawals took all the water in the
Chewack River. Discharge was measured at 0 CFS in August and 13
CFS in September (Mullan et al. 1992). In a typical year about 71%
(85 or 120 CFS) of the flow of the Chewack River is diverted out
of the river for irrigation. In the mainstem of the Methow River
about 79% (238 of 301 CFS) of the base flow was diverted out of the
Methow River for irrigation (Mullan et al. 1992).
In the Okanogan River Basin, the entire flow of many tributaries (e.g., Bonaparte, Chiliwist, Loup Loup and Salmon creeks) was
diverted for irrigation in 1934–1936 (Bryant and Parkhurst 1950).
In the mainstem of the Okanogan River, so much water was diverted between the outlet of Lake Oosyoos and the mouth, that
this slowed discharge in the river and allowed stream temperatures
to warm into the mid 70°F range. Temperatures this high are usually lethal to salmon. Adult sockeye in the Columbia refused to
enter the Okanogan when the temperature was this warm. The
temperature block delayed the migration of sockeye salmon up the
Okanogan River to Lake Oosyoos by at least three weeks.
A total of 93 km (50.2 mi) of the lower Walla Walla River (from
Milton–Freewater downstream to about 10 km from its confluence
with the Columbia Rivers), Lower Touchet River (about the lower
10 km upstream from its confluence with the Walla Walla River),
and Mill Creek (from its confluence with the Walla Walla River to
the east side of the City of Walla Walla) is seasonally dewatered,
due largely to irrigation withdrawals from the waterways.
“There is not enough water in the dewatered sections ...
to support any aquatic life during the summer months of
most years. This is due to a combination of flows being too
low and the temperature of the remaining water being too
high. This dewatering generally occurs, depending upon
the flows within the waterways, within a June through
October timeframe. Extremely wet or dry precipitation
years would shrink or expand this timeframe” (USACE
1992).
A similar situation occurs in the Yakima Basin.
“Water in the basin is over appropriated, meaning that
more water has been legally allowed [for irrigation diversion] than is naturally available” (Kent 2004).
I believe that the WDOE or its predecessor agencies over appropriated the water in virtually every stream in eastern Washington
by granting water rights that exceed the base flow. At the present
time WDOE is trying to enter into agreements with land owners
to buy back some of the granted water rights to keep a sufficient
amount of instream flow to protect fish and aquatic life. Also,
because many populations of salmon, steelhead trout and bull
trout are currently listed as threatened or endangered under the
Endangered Species Act, it is now incumbent upon local, state
and federal regulatory agencies to ensure that minimum instream
flows are maintained in their streams. This has caused the state to
re-evaluate and revise some of its water rights, especially in the
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Walla Walla and Yakima Basins. In many instances, the senior water rights holders are given all the water to which they were originally entitled and the junior water rights holders have to bear the
brunt of the cutbacks.

CENOZOIC FOSSIL FISHES
The transition between the Mesozoic and Cenozoic eras, about
65 million years BP., was a time of mass extinction. Although this
time is best known for the rather abrupt extinction of many kinds
of dinosaurs, it was also a time of extinction of many groups of
fishes. Many species of prehistoric sharks became extinct at about
this time and were replaced by the ancestors of modern sharks.
Many primitive groups of bony fishes such as the Crossopterygians
became extinct and were replaced by the ancestors of the modern
Actinopterygians. All this extinction was probably the result of
several contributing factors.
One factor was that land masses of Laurasia and Gondwana
were beginning to split into the modern continents. Separation
of the southern continents was well underway by the end of the
Cretaceous period. Separation of the northern continents commenced in the Paleocene and accelerated during the Eocene. The
wandering of the continents throughout this time moved them farther away from the equator. The cooler climates may have stressed
the enzyme systems of poikilothermic organisms (e.g., fish and dinosaurs) that were adapted to a tropical / subtropical climate as the
environment became more temperate.
Enzymes needed for catalyzing metabolic reactions operate at
an optimal temperature. The temperature range over which they
function is a few degrees centigrade warmer or colder than the
optimum. The consequence to the organism (if temperatures fall
outside of this narrow range) is that it cannot produce energy, so
becomes lethargic, which makes it less adept at capturing food and
escaping predators. There are really two problems for the organism
because not only do temperatures generally decrease in a temperate climate, but the extremes in daily and seasonal temperatures
ranges also become greater in comparison to tropical or subtropical climates. If the evolution of enzyme systems (to compensate
for the overall decreased temperature and adapt to the daily and
seasonal temperature fluctuations) did not keep pace with the
tempo of continental drift, extinction events seem probable. The
fact that extinction of dinosaurs and fishes went on continuously
over a period of about 90 million years, from about 135 million to
45 million years BP while the continents were drifting into their
modern alignment, favors an extinction mechanism such as this.
A second factor probably contributing substantively to extinction was the impact of an asteroid off the coast of Yucatan about
65 million years ago. The demarcation between the Cretaceous and
Tertiary periods, called the K-T boundary, is thin layer of iridium
thought to have originated from this collision. This iridium layer
separates rocks of Cretaceous and Tertiary age around the globe,
suggesting a massive explosion that uplifted sediments into the
stratosphere and redistributed them by global air circulation and
wind patterns. Iridium from the meteor and planetary sediments
were thought to have blocked out the sun for many centuries (perhaps millennia) which reduced primary production and collapsed
food webs, causing a mass extinction event. Support for this theory comes from finding the meteor crater in the Caribbean off the
Yucatan coast, and fossil evidence that many families of dinosaurs
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and fishes perished close to the K-T boundary, suggesting that the
pace of extinction was accelerated over a relatively short period of
about 10,000 to one million years.
The Cenozoic Era (especially the Paleocene and Eocene
Epochs) was characterized by the emergence of mammals, birds
and flowering plants as the dominant terrestrial biota and actinopterygian (ray finned) fishes as the dominant aquatic biota. Rapid
adaptive radiation and speciation of actinopterygians occurred in
the Eocene, Oligocene and Miocene. This period was characterized by the first appearance of ancestors for many families of modern freshwater and anadromous fishes.
One interesting aspect of this radiation is the apparent tetraploid
origin of many families such as the Catostomidae (suckers) and
Salmonidae (salmon, trout, char, and graylings). Evidence has accumulated indicating that each of these families had ancestors that
were tetraploid (Svardson 1945; Ohno et al 1967, 1975; Ohno 1970a,
1970b; Uyeno and Smith 1972; Allendorf et al. 1975; Bailey et al. 1976,
1978; Schmidtke et al. 1975, 1976, 1979; May 1980; May et al. 1979,
1980, 1982; Ferris and Whitt 1977a, 1977b, 1978, 1980; Schmidtke and
Kandt 1981; Buth 1983, 1984; Allendorf and Thorgaard 1984; Ferris
1984). They are gradually being restored to a diploid condition. The
types of evidence supporting this claim includes:
1.

Individual species in each of these families have
varying numbers of chromosomes, consistent with
the notion that individual species lines are gradually
being restored to the diploid condition at varying
rates; and

2.

Individual species in a family have varying amounts
of DNA. Some species have close to twice as much,
but not more than double the amount, of DNA as
other species in the family. Assuming that the
smaller amount is close to that of the diploid condition, species with twice as much DNA may reflect the
ancestral tetraploid condition.

For example, among the Salmonidae the number of chromosomes (arms) varies from 54 (72–74) in Atlantic salmon Salmo
salar to 102 (170) in Arctic grayling Thymallus arcticus. Other
salmonid species contain the following numbers of chromosomes (arms): Brown trout Salmo trutta 77–82 (96–102), coastal
rainbow trout Oncorhynchus mykiss irideus 58–65 (104), interior
(redband) rainbow trout Oncorhynchus mykiss gairdneri 58 (104),
golden trout Oncorhynchus mykiss aguabonita 58 (104), coastal
cutthroat Oncorhynchus clarkii lewisi 68–70 (104–106), westslope
cutthroat trout Oncorhynchus clarkii clarkii 66 (104), Yellowstone
cutthroat trout Oncorhynchus clarkii bouvieri 64 (104), Lahontan
cutthroat trout Oncorhynchus clarkii henshawi 64 (104), pink
salmon Oncorhynchus gorbuscha 52 (100–104), chum salmon
Oncorhynchus keta 74 (100), coho salmon Oncorhynchus nerka
56–58 (102–104), chinook salmon Oncorhynchus tshawytscha
68 (100–104), bull trout Salvelinus confluentis 84 (100), brook
trout Salvelinus fontinalis 84 (100), lake trout Salvelinus malma
80–82 (98), lake whitefish Coregonus clupeaformis 80 (100), pygmy
whitefish Prosopium coulteri 82 (100), and mountain whitefish
Prosopium williamsoni 78 (100).
Based on these data, Allendorf and Thorgaard (1984) proposed that a single ancient tetraploid event produced the common ancestor of all the salmonids and that this event took place

between 25–100 MYBP. Schmidtke (1981) suggested that the
grayling (Thymallinae) with about twice as many chromosomes
as other species, represented the most ancient tetraploid lineage
and that the Salmoninae (Salmo, Oncorhynchus, Salvelinus) and
Coregoninae (Coregonus, Prosopium) evolved more recently.
The oldest known salmonid fossil, the grayling-like Eosalmo
driftwoodensis (Wilson 1977, 1996; Wilson and Li 1988; Wilson and
Williams 1992) was found in Eocene formations in Washington
and British Columbia. Cladistic analysis has revealed the E. driftwoodensis is the sister group of all living (extant) Salmoninae
(Stearly and Smith 1993).
During salmonid evolution there has been a general trend to
reduce the number of chromosomes and restore the diploid condition (Allendorf and Thorgaard 1984). This reduction is accomplished by centric fusion of the chromosomes. The four homologous (tetraploid) chromosomes are eventually transformed into
two homologous (diploid) chromosomes, but these two chromosomes contain four alleles instead of just two. In the Arctic grayling
four alleles for the enzyme lactate dehydrogenase (LDH-1, LDH2, LDH-3, and LDH-4) are equally expressed in all tissues. In all
other species of salmonid fishes, all four alleles are expressed but
unequally in most tissues (Allendorf and Thorgaard 1984). Which
version is expressed is often dependent upon temperature.
The Catostomidae (suckers) are composed of 11 extant genera
and 72 extant species in North America (Miller 1959; Nelson et
al. 2004). The chromosomes of catostomid fishes were first described by Uyeno and Smith (1972), who concluded that the family descended from a single tetraploid ancestor about 50 MYBP.
Examination of the fossil record shows that catostomid fishes were
present at the Paleocene–Eocene boundary. They were represented
by the extinct fossil genus Amyzon.
Almost immediately after the initial tetraploid event, the catostomids began rearranging their chromosomes so that they reverted rapidly to diploidy (Ferris 1984). Despite being diploid, the
amount of DNA that is present in of some genera of suckers (e.g.
Catostomus) is twice that of other species of cypriniform fishes
(Uyeno and Smith 1972), indicating that nearly all of the genes
present in the tetraploid organism are retained in the diploid
organism. However, not all of these genes are expressed (Ferris
1984). Instead, it appears that two copies (alleles) of each gene are
silenced. Ferris (1984) discussed the mechanisms of gene silencing.
Among the Cyprinidae (minnows), none of the North
American native species shows any evidence of tetraploidy (Buth
1983, 1984). However, a few old world cyprinids, among them the
carp Cyprinus carpio and goldfish Carassius auratus, do (Ohno et
al. 1967; Bender and Ohno 1968; Klose et al. 1969; Wolf et al. 1969;
Ferris and Whitt 1977).
Tetraploidy could potentially have been a great benefit in promoting the survival and adaptive radiation of these families as the
continents drifted closer to the poles, because the fish had more
copies of each enzyme that could potentially be mutated so that
they worked better at varying temperatures. If fact, modern species in these families have multiple copies of many enzymes (called
allozymes or isozymes) required for catalyzing metabolism reactions in glycolysis, Krebs cycle and electron transport, that allow
them to metabolize efficiently over a range of environmental temperatures. These fishes maintain a good supply of energy and are
active over that temperature range. Homeothermy conveyed the
same type of advantage to mammals and birds.
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About 30–40 years ago, few Cenozoic freshwater fish fossils were
known and most of them were from the old world (Eurasia). At that
time it was fashionable to describe the recent Pleistocene radiation
of families such as minnows, suckers and salmonids from Eurasia
to North America across the Bering Land Bridge. This seems improbable because of geographic barriers that the fish would have
encountered in crossing from Alaska to continental North America
through the mountain ranges in the Yukon. During the past 30 years
numerous Cenozoic fishes have been discovered in North America,
including minnows and suckers that are as old as any found in
Eurasia and salmonids considerably older than those found in rock
formations in Eurasia. This has lead to a new paradigm to explain
the biogeography of fishes in the Northern Hemisphere. It is now
thought the modern biogeographic distribution of these fishes is related to their early radiation before Laurasia separated into Eurasia
and North America. After separation, radiation of these families
continued to evolve independently on each continent.
During the Cenozoic, a succession of large, deep lakes (about
the same size and depth of the modern Great Lakes) were present
across the Western North America landscape. These included:
1.

Eocene Fossil Lake, Lake Goisute, and Lake Uinta in
Wyoming, Utah and Colorado

2.

Miocene / Pliocene Lake Idaho on the Snake River
plain in southwestern Idaho; and

3.

Pliocene / Pleistocene pluvial lakes, e.g. Lake
Bonneville and Lake Lahontan in the Great Basin.

Smaller lakes occurred throughout the Columbia Basin in
Washington, Idaho, Oregon, and British Columbia during this
period. One aspect of these lacustrine environments is that they
preserved a variety of fishes, sometime in a spectacular state of
preservation (i.e. fully articulated, intact skeletons); so interpretation of these fossils is possible.

PALEOCENE AND EOCENE FISHES
During the Paleocene (65–53 MYBP) and Eocene (53–38 MYBP)
the present Cascade Range and Olympic Mountains did not exist
in Washington and the rivers from the Rocky Mountains flowed
directly into the Pacific Ocean (Briggs 1986). The North Cascade
microcontinent docked against the North American Continent
(Alt and Hyndman 1984). Among the extant families of freshwater fishes present during the Paleocene in western North America
were the Acipenseridae (sturgeons), Catostomidae (suckers),
Osmeridae (smelts), Esocidae (pikes), and Percopsidae (trout
perches) (Cavender 1986). Among the extant families present during the Eocene were the Acipenseridae (sturgeons), Clupeidae (herrings), Catostomidae (suckers), Ictaluridae (catfish), Salmonidae
(salmon, trout, whitefish, grayling), Libotonidae (primitive trout
perches), and Perichthyidae (temperate basses) (Cavender 1986).
Other families that were present during the Paleocene and / or
Eocene in western North America but became extinct (at least in
western North America) were Dasyatidae (freshwater sting rays),
Polydontidae (paddlefish), Lepisosteidae (gars), Amiidae (bowfins), Hiodontidae (mooneyes), Osteoglossidae (bony tongues),
Phyllodontidae (extinct family of Order Elopiformes tarpons and
bone fishes), Ellimmichthyidae (an extinct group of herring-like
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fish), Gonorhynchidae (beaked sandfishes), Hypsidoridae (an extinct family of catfish), Asineopidae (donkey faces), Libotoniidae
(early trout perches), and Priscacaridae (primitive sunfishes)
(Cavender 1986) (Figure 4.9).

OLIGOCENE FISHES
The onset of the Oligocene was marked by tectonic activity as
the East Pacific Ridge collided with the North American Plate in
California. The Great Basin physiographic province, with its characteristic basin and range topography formed at this time. Subduction
of the North Pacific plate under the Cascade Mountains caused
volcanic activity in the Cascade Range. The climate was cooler
and drier than during the Eocene. Among the extant families of
fishes present in western North America during the Oligocene were
Clupeidae (herrings), Cyprinidae (minnows), Catostomidae (suckers), Ictaluridae (catfishes), Esocidae (pikes), Umbridae (mudminnows), and Perichthyidae (temperate basses) (Cavender 1986).

MIOCENE FISHES
During the Miocene (25–5 MYBP), transform faulting along the
North Pacific and North American plates, in which the plates in
the Pacific Northwest slid parallel to each other (as occurs in the
modern San Andreas fault in California), caused molten magma
to flow laterally out of fissures in the earth in the Columbia Basin
thereby forming the Columbia River basalts. This event probably destroyed much of the previous fossil history of fishes in the
Columbia Basin. Simultaneously, uplift along the Continental
Divide arched the landscape to the west, resulting in extensive
downcutting and erosion, which rejuvenated streams and excised
deep canyons in the western landscape (Cavender 1986). The
Miocene in the western United States was characterized by a warm,
humid climate as evidenced by the types of plant fossils that were
preserved along with the fish fossils at many sites.
For example, in the Miocene Latah Formation (16–14 MYBP) in
the vicinity of Spokane, Washington and Clarkia, Idaho, about 175
species of plants have been described so far, including bald cypress
(Taxodum dubium), alder (Alnus relatus), black oak (Quercus payettensis), sycamore (Plattus dissecta), willow (Salix nesparia), maple (Acer bendirei), birch (Betula fairii), moonseed vine (Cocculus
heteromorpha), and grape vine (Vitis washingtonensis) (Knowlton
1926; Berry 1929; Chaney 1959). The plant community was similar to modern hardwood forest along the eastern slopes of the
Appalachian Mountains in North Carolina and Tennessee. Thus
the Miocene climate was characterized by milder winters and wetter summers in comparison to the modern climate which is characterized by cold winters and dry summers (Robinson 1991).
Eleven families of fossil fishes were recorded during the Miocene
in western North America, including: Acipenseridae (sturgeons),
Cyprinidae (minnows), Catostomidae (suckers), Ictaluridae (bullhead
catfish), Salmonidae (salmon, trout, charr, grayling, and whitefish),
Esocidae (pike), Umbridae (mudminnows), Gasterosteidae (sticklebacks), Cyprinodontidae (killifishes), Centrarchidae (sunfishes), and
Cottidae (sculpins) (Cavender 1986). Warm water fishes including
the families Cyprinidae (minnows), Ictaluridae (bullhead catfish), and
Centrarchidae (sunfish) thrived at many locations in western North
America during the Miocene. Many families of fossil fishes that dominated from the Paleocene to the Oligocene became extinct in west-
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Figure 4.9

Specimens of Eocene fossil fishes: (A) Dasyatidae (fresh water stingray), (B) Polydontidae (paddlefish), (C) Lepisosteidae
(gar), (D) Hiodontidae (mooneye), (E) Osteoglossidae (bony tongue) Pharedous encastus, (F) Ellimichthyidae (an
extinct family of herring like fish) Diplomystus dentatus (G) Asineopidae (donkey faces) Asineops squamiformes, (H)
Priscacaridae (primitive sunfishes) Prisccara All specimens are from the Fossil Butte Member of the Green River
Formation near Kemmerer, WY. Image (A) courtesy John Adamek of Fossilmall.com © 2006. Images (B, E) courtesy of
the National Park Service, Fossil Butte National Monument, Kemmerer, WY, US-PD; image (C) © 2008 Michael Butler, all
rights reserved; images (D, G, H) courtesy Dr. Thomas Bastleberger; image (F) © 2009, Ron Wolf, all rights reserved.
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ern North America by the Miocene. The most noteworthy were the
Polydontidae (Paddlefish), Lepisosteidae (gars), Amiidae (bowfins),
Asineopidae (donkey faces), and Priscacaridae (primitive sunfishes).

PLIOCENE FISHES
The Pliocene (5–1.8 MYBP) was characterized by extensive tectonism. Transform faulting ceased along the North Pacific and North
American Plates and the North Pacific Plate began to slide perpendicularly beneath the North American Plate, again stimulating uplift and volcanic activity in the Cascade Mountains. This change in
direction of the movements of the plates also stopped the lateral basalt flows in the Columbia Basin. By the late Pliocene the climate had
become cooler and drier. Ice caps formed over the poles and alpine
glaciers formed in the peaks of the Rockies. Pliocene fish families
present in the American west included: Acipenseridae (sturgeons),
Cyprinidae (minnows), Catostomidae (suckers), Ictaluridae (bullhead catfish), Esocidae (pikes), Salmonidae (salmon, trout, charr,
grayling, and whitefish), Gasterosteidae (sticklebacks), Cottidae
(sculpins), Centrarchidae (sunfish), and Embiotocidae (surf perch).
The fossil record indicates that coldwater fishes such as the salmonids and cottids (sculpins) flourished while those of warm and
cool water species such as the Ictaluridae (catfish), Centrarchidae
(sunfish) and Esocidae (pikes) gradually became extinct west of the
Continental Divide by the end of the Pliocene (Cavender 1986).

• Several formations that comprise Lake Idaho,
Owyhee County, Idaho (Miocene to Pleistocene
Age); and
• Grande Ronde River Valley alluvium, Union County,
Oregon (Pliocene Age).

Klondike Mountain Formation
Fossil fishes of the Eocene (56–34 MYBP) Klondike Mountain
Formation were preserved in two types of environments. At some
localities complete skeletons were found in varved (layered) shales,
which indicated that they were deposited in the cold waters at the
bottom of the limnetic zone of a lake. Fine sediments carried into the
lake by turbulent rivers settled out upon entering the quiet waters of
the lake, producing the varved shales. At other localities, the fish fossils were represented by disarticulated skeletons, in conglomerated
sediments, indicative that they had been deposited in a high energy
environment such as the shoreline of the lake or one of its tributaries.
Families of fishes present in the Klondike Mountain Formation
were described by (Umpleby 1910; Eastman 1917; Pearson 1967;
Wilson 1977, 1978, 1979, 1980, 1982, 1996, 2001; Wilson and Li 1999),
and include:
1. Amiidae: bowfins (1 genus, 1 species).

PLEISTOCENE FISHES
During the Pleistocene (1.8–0.1 MYBP), continental glaciers were
the dominant features of the North American landscape. Ice dams
caused by ice lobes blocking rivers produced large, deep glacial
lakes such as Glacial Lake Missoula and Glacial Lake Columbia.
When the ice dams periodically broke, catastrophic floods swept
across eastern Washington, effectively obliterating traces of fish assemblages. Pleistocene fish families in the American west included:
Cyprinidae (minnows), Catostomidae (suckers), Salmonidae (salmonids), Gasterosteidae (sticklebacks), Cottidae (sculpins), and
Embiotocidae (surf perches). Ictalurids, centrarchids, and esocids
became extinct early in the Pleistocene.

FOSSIL FISHES FROM
WASHINGTON AND IDAHO
Fossil fishes have been found at four localities in eastern
Washington:
• The Klondike Mountain Formation, Okanogan
County, Washington (Eocene Age),
• The Roslyn Formation in Kittitas County,
Washington (Eocene Age),
• The Ringold Formation, Adams, Franklin, and Grant
counties, Washington (Miocene and Pliocene Age),
and
• The Latah Formation (Spokane member), Spokane
County, Washington (Miocene Age).
Fossil fishes were also recovered from two localities in Idaho
and one in Oregon that are related to those found in Washington:
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• Latah Formation (Clarkia Lake member), Benewah
and Shoshone counties, Idaho (Miocene Age);

• †Amia hesparia Wilson 1982. Modern bowfins
Amia calva have several peculiar skeletal oddities
such as a gular plate (a large bone under the jaw
between the mandibles), a “double skull” (the
outer one comprised of bone and the inner one
composed of cartilage), large cycloid scales with
a peculiar rectangle shape, abbreviated heterocercal tail, and long dorsal fin that makes fossils
easy to identify to family. The modern bowfin is
considered a “living fossil.” Bowfins first appeared
in the fossil record during the Jurassic Period and
underwent adaptive radiation by the Cretaceous
Period of the Mesozoic Era (Boreske 1974; Wilson
1982). The family was represented by at least two
genera and four species from six Cretaceous
formations, six Paleocene formations, 12 Eocene
formations and five Oligocene formations in
western North America (Boreske 1974; Wilson
1982). After the Oligocene the family disappeared
from western North America. Today the family is
represented by a single species Amia calva distributed east of the Continental Divide from the Gulf
of Mexico to the U. S.–Canadian border. They are
rarely found west of the Mississippi River.
2. Catostomidae: suckers (1 genus, 1 species).
• †Amyzon aggregatum Wilson 1977. †Amyzon was
a primitive sucker with a mouth that was only
slightly subterminal, similar to the extant genera
Ictiobus or Chasmistes. It probably consumed
zooplankton as a primary dietary item.
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3. Salmonidae: salmon, trout, charr, whitefish and
grayling (1 genus, 1 species).

Formation (Hesse 1936). It was placed in a new family (†Priscacaridae)
and named †Priscacara campi Hesse, 1936. The †Priscacaridae were
widely distributed in Eocene deposits throughout western North
America. The family had characters that were similar to the modern
North American Centrarchidae (sunfish) and the Perichthyidae (temperate bass), i.e., the fossil had two dorsal fins (one with spiny rays, the
other with soft rays), and three spiny and eight soft rays in the anal fin.
The family disappeared after the Eocene.

• †Eosalmo driftwoodensis, Wilson 1977. Eosalmo
was the ancestor (sister group) of all modern
Salmoninae (salmon, trout, charr) (Stearly and
Smith 1993). It had morphological characters
that were intermediate between Thymallinae
(graylings) and Salmoninae. Only adult fish have
so far been found as fossils in the varved lake
sediments. Wilson (1996) speculated that this
was because juveniles occupied tributaries of the
lake and made adfluvial migrations to the lake
where they grew to maturity, before returning to
their natal tributary to spawn. If so, the migratory tendency of modern salmon and trout was
already present in their earliest known ancestor.

Latah Formation
Fossil fishes from the Miocene Spokane and Clarkia Lake members
of the Latah Formation were preserved about 14–16 MYBP during
the Miocene, when a lava extrusion dammed the Spokane River in
the vicinity of Spokane, Washington and backed up water into Latah
Creek and the Rathdrum Prairie. A second lava dike blocked the
proto-St. Maries River near its confluence with Coeur d’Alene Lake,
Idaho (Spokane River Basin) forming Miocene Clarkia Lake. About
175 species of plant fossils recovered along with the fish indicated
that the plant community was similar to modern hardwood forest
along the eastern slopes of the Appalachian Mountains in North
Carolina and Tennessee, which is adapted to warm temperatures
and abundant rainfall (Knowlton 1926). Robinson (1991) estimated
that the annual temperature ranged from 10–27°C (mean about
10–13°C) and precipitation averaged 75–120 cm (27–50 in.) per year.
These values compare to present day temperature of 4–15°C (mean
about 8°C) and precipitation of 40–60 cm (16–23 in.) per year.
Only one type of fish fossil has so far been recovered from the
Spokane member of the Latah Formation, a minnow tentatively
identified as Klamathella milleri Smith 1975 based on a pharyngeal
tooth formula of 2, 5–5, 2, canine like with a grinding surface at
the tip (Scholz, pers. obs.). Families of fossil fishes present in the
Clarkia Lake member included:

4. Hiodontidae: mooneyes (1 genus, 1 species).
• †Eohiodon woodruffi Wilson 1978. The Family
Hiodontidae are small, coolwater fishes that
resemble herrings (Family Clupeidae) but are
distinguished from them by: (1) the presence of
strong teeth in the jaws and in the bones on the
roof and floor of the mouth, and (2) large eyes set
close to the tip of snout. There are two modern
species (genus Hiodon) that are distributed east
of the Continental Divide.
5. †Libotoniidae: primitive trout perch (1 genus, 1
species).
• †Libotonius pearsoni Wilson 1979. This family (species) is extinct but allied to the modern Percopsidae (trout-perches), which have
characters that are intermediate between the
Salmonidae and Percidae (perches). They have
an adipose fin (salmonid-like) and ctenoid scales
(perch-like). The generic name †Libotonius was
erected by Wilson (1977) to honor Rene Liboton
who collected the type specimen upon which the
genus was based. The trivial name pearsoni honored R. C. Pearson of the United States Geological
Survey who discovered the type locality of the
species during a geological reconnaissance along
Toroda Creek, Ferry County, Washington, in the
1960s (Pearson 1967).

1.

• Originally identified as Gila sp. c.f. turneri or milleri (Smith and Miller 1985). †Gila milleri Smith
1975 was later placed in the genus Klamathella, so
the Clarkia Lake specimens should probably be
called †Klamathella sp. c.f. milleri. The Clarkia
Lake fossil had a pharyngeal tooth formula of
2, 5–5, 2, composed of long canine-like teeth
with a grinding surface at the tip. Although the
Clarkia Lake specimens were among the oldest
cyprinids recovered on the North American
Continent, they were not considered ancestral
because they appeared to be a highly specialized
pelagic midwater fish rather than a fish with
generalized characters could have given rise to a
variety of Cyprinids (Smith and Miller 1985).

Roslyn Formation
The Eocene (56–34 MYBP) Roslyn Formation, Kittitas County,
Washington, is composed of sandstones interbedded with shales, clay,
and coal deposits (Barnett 1985). Geological structures (e.g., crossbedded sands) indicated that during the Eocene, the landscape was
probably a braided delta with high sinuosity and meandering fluvial
channels. Coal deposits formed in backwater sloughs or shallow oxbow lakes that were covered over by shifting sands when the river
changed its course. The presence of fossil ferns along with the fish indicated that the climate was probably warm and humid. A nearly perfectly preserved freshwater fish fossil was described from the Roslyn
A. T. Scholz

Cyprinidae: minnows (1 genus, 1 species).

2.

Salmonidae: salmon, trout, charr, whitefish, and
grayling (1 genus, 1 species).
• Hucho sp. Smith and Miller 1985. The Clarkia
Formation contained a nearly complete skeleton of
a 720 mm TL salmonid. Initially placed in genus
Hucho by Smith and Miller (1985), G. R. Smith
(University of Michigan, Museum of Zoology, pers.
comm.) now believes that the specimen should
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be placed in the genus Salvelinus (charr) and
called †Salvelinus larsoni (Kimmel, 1975). This fish
was also found in Miocene / Pliocene Lake Idaho
deposits in Southwestern Idaho (Kimmel 1975;
Smith 1975), where it was first named †Paleolox
larsoni by Kimmel (1975). G. R. Smith subsequently
determined that it would be more informative
to place both the Hucho from Clarkia Lake and
Paleolox from Lake Idaho in the genus Salvelinus.
†S. larsoni was the probable ancestor of modern
bull trout Salvelinus confluentus (Suckley 1858).
3.

Centrarchidae: sunfishes (1 genus, 1 species).
• †Archoplites clarkii Smith and Miller 1985.
Archoplites is an ancient genus of centrarchid
with generalized characters and is a possible
ancestor for most modern centrarchid genera:
Lepomis (sunfishes), Micropterus (basses) and
Pomoxis (crappies). Archoplites species were
widely distributed west of the Continental Divide
during the Miocene and Pliocene but became
extinct by the Pleistocene. Archoplites interruptus, the only modern survivor, is confined
to California. Archoplites is distinguished from
most species of centrarchids by the number
of anal spines. Archoplites has 6–7 anal spines,
whereas Lepomis, Micropterus and Pomoxis each
have three. The name Archoplites comes from the
Greek roots archo– (meaning anus) and –plites
(meaning armored), in reference to the 6–7
spines in anal fin surrounding the vent.

Ringold Formation
Families of fossil fish found in the Miocene / Pliocene (4.5–3.7
MYBP) Ringold Formation were described by Miller (1965),
Gustafson (1978, 1985), Reidel (1984) and Smith et al. (2000). The
Ringold Formation is composed of:
1.

The White Bluffs Unit, along the east bank of the
Hanford Reach of the Columbia River in Franklin
County;

2.

The Tauton Unit, along the northern slopes of the
Saddle Mountains in Adams and Grant Counties;

3.

The Moses Lake Unit near Moses Lake, Grant
County; and

4.

The Lind Coulee Unit near Othello in Adams and
Grant Counties.

In addition to the fish fossils several species of fossil mammals
have been recovered from the Ringold Formation (Gustafson 1978,
Morgan and Morgan 1995), including: camels, elk, zebra, mastodon,
rhinoceros, giant ground sloth, prairie wolf, large cats, and a variety of small mammals, including peccary, gopher, ground squirrel,
marmot, rabbit, mice, voles, woodrats, skunks and giant beavers.
Collectively, the presence of these organisms indicated that during
the late Miocene / Pliocene, the Columbia Plateau in east central
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Washington was a vast semiarid savanna with open stands of forest.
The climate was characterized by long, moderate summers and warm,
wet winters. Streams on the plateau were characterized braided channels and oxbow lakes, which are common in meandering rivers.
The courses of these rivers continuously shifted position across
this landscape owing to tectonic events and folding as the heavy
basalt rock of the Columbia Basin began to sink. Subsidence during the late Miocene (about 8.5 MYBP) was centered in the Pasco
Basin, setting the stage for the formation of the Ringold lakes during the Pliocene. Loess, eroding from the Cascade Mountains blew
east and filled these lakes, which covered and preserved the fishes.
Families of fishes that occurred in the Ringold Formation,
included:
1.

Acipenseridae: sturgeon (1 genus, 1 species).
• Represented at the White Bluff and Tauton localities by bony skull plates and scutes that were
indistinguishable from those of modern white
sturgeon Acipenser transmontanus (Smith et al.
2000).

2.

Cyprinidae: minnows (5 genera, 5 species).
• †Acrocheilus latus (Cope, 1870). Identified as
genus Acrocheilus by their pharyngeal teeth,
(0, 5–5, 0) which were compressed, with smooth,
narrow grinding surfaces and a slight backward
hook angled mesially on the upper portion of
the tooth. †A. latus was also described from
Miocene / Pliocene Lake Idaho by Cope (1870)
and Smith (1975). The bones did not differ in
any meaningful way from those of modern
chiselmouth Arcocheilus alutaceus Agassiz and
Pickering, 1855. It is thought that A. alutaceus
is a lineal descendent of †A. latus (Smith 1975).
Modern chiselmouths have a straightedged lower
jaw shaped like a chisel that is used to scrape
periphyton and aquatic insects off rocks.
• †Klamathella milleri (Smith 1975). Snake River
chub. This species could not be distinguished
from †Klamathella milleri from either the Glenn’s
Ferry Formation (Lake Idaho) (Smith 1975) or
Latah Formation (Clarkia Lake, Idaho) (Smith
and Miller 1985). Recently obtained morphological evidence (Smith et al. 2000) and molecular
genetic evidence (Smith et al. 2002) suggested
that this species was a sister group to the modern
chiselmouth Acrocheilus alutaceus.
• †Lavinia (Idadon) hibbardi (Smith 1975). Another
cyprinid species found in both Lake Idaho
(Smith 1975) and at Ringold (Smith et al. 2000).
Pharyngeal tooth formula either 0, 5–5, 0 or
1, 5–5, 1. Teeth pointed with distinctive striations
and angled grinding surface. Similar to modern
hitch Lavinia exilicauda Baird and Girard, 1854.
The etymology of Lavinia is a mystery. Lavinia is
a Latin feminine name, that may be a sly reference to the fact that L. exilicauda is rather “narrow waisted,” i.e., has a slender caudal peduncle,
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spatulifer Miller and Smith, 1967 was present in
Pliocene Glenn’s Ferry Formation (Lake Idaho)
(Smith 1975; Kimmel 1975; Linder and Koslvcha
1976). The name Chasmistes comes from the
Greek roots Chasma (gape or yawn) and istes (a
Greek superlative ending). It translates roughly
as large gaping mouth or huge yawn, in reference
to its terminal mouth.

which gives it a feminine appearance. The trivial
name exilicauda comes from the Latin roots Exil
(slender) and cauda (tail).
• †Mylocheilus heterodon Smith et al. 2000.
Ringold Peamouth chub. Pharyngeal tooth
formula 1, 5–5, 1. Like modern peamouth
Mylocheilus caurinus, the pharyngeal tooth had
molar-like grinding surfaces, which is an adaptation for crushing mollusks. However, the second
pharyngeal tooth of †M. heterodon was greatly
enlarged compared to that of M. caurinus and to
fossils †Mylocheilus robustus and †Mylocheilus
inflexus known from Miocene / Pliocene Lake
Idaho (Smith 1975; Kimmel 1975).

4.

• †Ameiurus reticulatus Smith et al. 2000 Ringold
bullhead. This species was diagnosed as being similar to the modern yellow bullhead Ameiurus natalis
taxonomic group (Lundberg 1970, 1975, 1992). It
was also similar to another fossil bullhead found
in the Miocene / Pliocene Chalk Hills and Glenn’s
Ferry Formations (Lake Idaho) called †Ameiurus
vespertinus Miller and Smith 1967. Fossil bullhead
catfish were also found in other Miocene and
Pliocene formations in Oregon and the Great Basin
(Lundberg 1970, 1975; Baumgartner 1982). When
the climate cooled and dried out at the end of the
Pliocene, all those living west of the Continental
Divide, including the Ringold bullhead, were extirpated. Seven species survived in warm, wet habitats
in southern United States east of the Continental
Divide. Of these, yellow Ameiurus natalis, brown
Ameiurus nebulosus, and black Ameiurus melas
bullheads were obligingly “re-introduced” to
various lakes in eastern Washington by the United
States Fish Commission (United States Bureau of
Fisheries after 1902), Washington Department of
Fish and Game, and County Fish Commissions
commencing in the 1890s and continuing until the
1930s. (See distribution notes for each species in
the chapter on Ictaluridae for details).

• †Ptychocheilus arciferus Cope, 1870. Lake Idaho
pikeminnow. The species was identified by its
distinctive pharyngeal tooth formula (2, 4–4, 2),
all canine-like and slightly hooked, an adaptation for piscivory. This species was similar to the
modern northern pikeminnow †Ptychocheilus oregonensis and identical to Ptychocheilus arciferus
found in Miocene / Pliocene Lake Idaho (Cope
1870; Miller and Uyeno and Miller 1963; Smith
1975; Kimmel 1975). The specific epithet arciferus
refers to a bend in the pharyngeal arch that gives
it the shape of a boomerang.
3.

Ictaluridae: bullhead catfish (1 genus, 1 species).

Catostomidae: suckers (2 genera, 2 species).
• Catostomus macrocheilus Girard, 1856. (largescale
sucker). This species was not distinguishable from
modern largescale sucker (Smith et al. 2000). It
was also similar to a fossil sucker from Miocene
and Pliocene Lake Idaho named †Catostomus
cristatus Cope, 1883 (Cope 1883; Hussakof 1908;
Uyeno and Miller 1963; Miller and Smith 1967;
Kimmel 1975; Smith 1975). Both of these species
had terminal mouths, with many fleshy papillae
and a moderately wide fontanelle. The fontanelle
is a gap that occurs between the parietal bones of
the skull, so the skull never closes completely in
this species (Figures in Chapter on Catostomidae).
Catostomus macrochielus is, perhaps, the lineal
descendent of †Catostomus cristatus.

5.

Salmonidae: salmon, trout, charr, whitefish, and
grayling (1 genus, 1 species).
• †Oncorhynchus (Smilodonichthys) rastrosus
(Cavender and Miller, 1972). Saber-toothed
salmon. This was a giant salmon that grew to
lengths of 1,300 mm (52 inches) TL at the Ringold
locality (Smith et al. 2000). It attained maximum
lengths of about 1,829 mm (6 ft) and weight of
177.3 kg (358 lbs) elsewhere in Columbia Basin,
e.g., near The Dalles, Columbia River (Cavender
and Miller 1972; Casteel 1974).

• †Chasmistes c.f. batrachops Cope, 1883.
Chasmistes had a terminal mouth unlike most
modern suckers of the genus Catostomus which
have subterminal mouths. Modern species of
Chasmistes are limnetic planktivores rather than
benthivores like Catostomus. Chasmistes has long
filamentous gill rakers adapted to planktivory
rather than benthic feeding. Chasmistes was
more like the primitive Eocene sucker genus
†Amyzon. There are currently four modern species of Chasmistes that are confined to the Snake
River Basin and Great Basin. Fossil Chasmistes
species also occur at numerous sites in the Snake
River and Great Basin. For example, †Chasmistes

6.

Esocidae: pikes (1 genus, 1 species).
• †Esox columbianus Smith et al. 2000. Columbia
muskellunge. The fish was similar to the modern
muskellunge Esox masquinongy Mitchill, 1824. †E.
columbianus at Ringold attained a maximum length
of about 1,350 mm (53.1 inches) (Smith et al. 2000).
The Esocidae are well represented in Eocene formations in British Columbia and Alberta (Wilson
1984), and in other Miocene and Pliocene localities
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in the Columbia Basin in Oregon (Cavender et al.
1970). They disappeared west of the Continental
Divide in the United States by the late Pliocene.
Several modern members of this family, including redfin pickerel Esox americanus Gmelin, 1789,
northern pike Esox lucius Mitchill, 1824, and tiger
muskellunge E. lucius x E. masquinongy have been
introduced to eastern Washington.
7.

Centrarchidae: sunfish (1 genus, 1 species).
• †Archoplites molarus Smith et al. 2000. Ringold
sunfish. Similar to modern Archoplites interruptus (Girard, 1854) of the Sacramento and
Salinus basins, California and to the fossil species
†Archoplites taylori Miller and Smith 1967 from
Miocene / Pliocene Lake Idaho. †Archoplites
taylori is nearly identical to Archoplites interruptus. Smith (1975:55) noted "This sunfish represents
the clearest faunal example of the evidence for a
former connection between the Sacramento System
and the Upper Snake River." This similarity of
the Ringold fishes to the Lake Idaho fishes also
implies an early connection between Lake Idaho
and Ringold area of Washington, probably via
the Grande Ronde River (Smith et al. 2000).

Lake Idaho
About 35,000 fish fossils have been collected from 190 localities
representing Lake Idaho (Smith et al. 1982). Seven families, 18 genera, and 33 species are represented. I consider Lake Idaho to be the
cradle of fish speciation in the western United States because more
families, genera, and species have been found there than anywhere
else. The longevity of Lake Idaho probably contributed to its being
a species generator. Lake Idaho existed in various configurations
from the Miocene (about 9.0 MYBP) to the Pleistocene (about
1.5 MYBP). The lake had two stable stages, one in the Miocene,
about 9.0–6.0 MYBP, the other in the Pliocene about 3.2–2.0 MYBP
(Kimmel 1979; Smith, 1979, 1981; Smith et al. 1982).
A second factor that probably contributed to Lake Idaho being
a species generator was its diversity of habitats, which promoted
adaptive radiation of fish species. Fish in Lake Idaho formed species formed species flocks to take advantage of the diversity of
habitats, similar to the species flocks of Cichlidae (cichlids) that
are found in Africa’s Rift Valley lakes of today. During its stable
lake stages, Lake Idaho was 200 km long, 50 km wide and 300 m
deep (Smith 1987). Rivers in numerous side canyons that emptied
into the lake provided lotic as well as lentic habitats.
During the older (Miocene) stable stage, Lake Idaho contained
at least six different families and 20–21 species of fish, including: 8
species of Cyprinidae (minnows); 2 species of Catostomidae (suckers); 1 species of Ictaluridae (bullhead catfishes); 5 or 6 species of
Salmonidae – one Coregoninae (whitefish) and 4–5 Salmoninae
(3–4 trout and salmon, one charr); 3 species of Cottidae (Sculpins)
and 1 species of Centrarchidae (sunfish) (Kimmel 1975). During
the younger (Pliocene) stable stage, the lake contained 7 families, 18 genera, and 29–30 species of fishes, including: 11 species
of Cyprinidae (minnows); 5 species of Catostomidae (suckers); 1
species of Ictaluridae (bullhead catfish); 5–6 species of Salmonidae,
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Figure 4.10

(A) Archoplites interruptus, Sacramento perch,
extant species. Image in Jordan and Evermann
(1896–1900) prepared by USFC, US-PD. (B)
†Archoplites harneyensis, a fossil Archoplites
from Miocene deposits in Harney County,
OR. Photograph by Lieke Dircks. Courtesy of
the University of Oregon, Museum of Natural
and Cultural History.

four Salmoninae (2 salmon, 1–2 trout, one charr) and one
Coregoninae (whitefish); 6 species of Cottidae (sculpins); 1 species
of Centrarchidae (sunfish) (Smith 1975), and 1 species of Ecosidae
(Columbia muskellunge). The number of species recorded (n = 30)
in the Pliocene compares favorably with 37 native species that occupy the Columbia basin today.
A number of rock formations contain Lake Idaho deposits,
including the Miocene Chalk Hills, Deer Butte, Poison Creek,
and Quartz Hill Formations, the late Miocene to early Pliocene
Blackjack Butte Formation, the Pliocene Glenns Ferry Formation,
the late Pliocene to early Pleistocene Bruneau and Grandview
Formations, and the Pleistocene Jackass Butte Formation.
During its early stages, Lake Idaho (the Snake River) drained
to the southwest into either the Sacramento or Klamath Rivers,
or perhaps both at different stages of Lake Idaho (Hubbs and
Miller 1948; Miller 1958; Hubbs et al. 1974; Miller and Smith 1981).
Evidence stems from similarities in fossil fish assemblages found in
Miocene and Pliocene deposits in California, Oregon, and Nevada
to the fossil fishes of the same age found in Lake Idaho. Also, the
Sacramento River currently holds several genera of minnows that
were formerly present in Lake Idaho but are no longer present in
the Snake River e.g., Lavinia (hitch), Mylopharadon (hardhead) and
Orthodon (blackfish). Likewise, the relations of the fossil sucker
genus Chasmistes in Lake Idaho to modern forms in the Klamath
Basin suggested a paleodrainage connection between Lake Idaho
(Snake River) and the Klamath River (Miller and Smith 1981).
About 2 MYBP, the Snake River finally joined the Columbia
River by a process known as headwater capture. This event oc-
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curred when the Snake River eroded a channel through Hells
Canyon causing the contents of Lake Idaho to spill into the
Columbia River. Possibly an earlier connection between Lake
Idaho and the Columbia River (Ringold Formation) existed by
way of the Grande Ronde River about 3.7–3.8 MYBP (Smith et al.
2000; vanTassel et al. 2001). The similarity of many species in the
Ringold Formation to fossil fishes found in Lake Idaho points to
this interpretation. Also, some of the fossil fish species, dated at
3.7–3.8 MYBP, that were found in the Grande Ronde Valley were
intermediate between those obtained from Lake Idaho and those
obtained from the Ringold Formation (vanTassel et al. 2001).
Fossil fishes found in Lake Idaho included:
1.

Cyprinidae: minnows (8 genera, 14 species).
• †Acrocheilus latus (Cope, 1870). Lake Idaho
chiselmouth. Pharyngeal tooth formula 0, 5-5, 0,
teeth stout with hooked grinding surface angled
mesially on the upper half of the tooth. Similar to
modern chiselmouth Acrocheilus alutaceus which
have a pharyngeal tooth formula of 0, 4-5, 0
or 0, 5–5, 0, teeth stout with hooked grinding
surface angled mesially on the upper half of the
tooth. Modern A. alutaceus have a straight edged
lower jaw (hence the common name chiselmouth) that they use for scraping periphyton
off rocks. A. alutaceus is probably a descendant
of †A. latus (Smith 1975, 1981). Miller and Smith
(1967) synonymized the names of 10 fossil
fishes with this name. It was found in Miocene,
Pliocene, and Pleistocene Lake Idaho. †A. latus
also occurred in the Pliocene Ringold Formation
on the Columbia River (Smith et al. 2000).

Lavinia had striations on the hooked grinding
surface of their teeth. L. exilicauda has a pharyngeal tooth formula of 0, 5–5, 0 in comparison to
the 1 or 2, 5–5, 2 or 1 of †L. condonianus, however
the teeth in the minor tooth row of †L. condonianus were rudimentary. †L. condonianus occurred
in both Miocene and Pliocene Lake Idaho.
• †Lavinia (Idadon) hibbardi (Smith 1975). Lake
Idaho hitch. Pharyngeal tooth 0, 5–5, 0 or
1, 5–5, 1. About 15% of 100 pharyngeal arches
examined had a tooth in the minor row (Smith
1975). Teeth pointed with striated, angled grinding surfaces on the upper half of the tooth. Teeth
very similar to those of modern hitch Lavinia
exilicauda Baird and Girard, endemic to the
Sacramento and Russian rivers, California.
Lavinia was one of three genera of cyprinids
found as fossils in Lake Idaho (Snake River) and
represented by living species in the Sacramento
River, California. †L. hibbardi occurred in both
Miocene and Pliocene Lake Idaho. †L. hibbardi
also occurred in the Pliocene Ringold Formation,
Washington (Smith et al. 2000).
• †Mylocheilus copei Smith and Kimmel, 1982.
Pharyngeal tooth formulae 2, 5–5, 2, teeth
molariform (an adaptation for crushing mollusks). Similar to modern peamouth Mylocheilus
caurinus except that modern peamouth have a
pharyngeal tooth formula of 1, 5–5, 1. Also, in †M.
copei the first two teeth in the major tooth row
were enlarged in comparison to the last three
teeth whereas in M. caurinus only the first tooth
was enlarged in comparison to the other four. M.
copei was present in Pliocene Lake Idaho.

• †Klamathella milleri (Smith, 1975). Pharyngeal
tooth formula 2, 5–5, 2 or 2, 5–4, 2, with long,
slender cusps, tips with small grinding surface
and terminal hook. Most similar to the modern blue chub Klamathella coerulea (Girard),
endemic to the Klamath Lake, Oregon; thus,
implying a paleodrainage connection to between
the Snake and Klamath basins. K. coerulea was
formerly classified in Gila and thought to be
closely related to the tui chub Gila bicolor until
molecular genetic evidence indicated that the
blue chub was a sister group of the chiselmouth
rather than the tui chub (Smith et al. 2002). †K.
milleri was found in Pliocene Lake Idaho. †K.
milleri also occurred in the Pliocene Ringold
Formation, Washington and a species that
resembled †K. milleri was found in the Miocene
Latah Formation.

• †Mylocheilus inflexus (Cope, 1883). Pharyngeal
tooth formula 0, 5–5, 0, tooth molariform (an
adaptation for crushing mollusks). Abundant in
Miocene Lake Idaho and rare in Pliocene Lake
Idaho. See †Mylocheilus whitei below for additional information about this species.
• †Mylocheilus robustus (Leidy, 1870). Lake Idaho
peamouth. Pharyngeal tooth formula 1, 5–5, 1, teeth
molariform (an adaptation for crushing mollusks).
Similar to modern peamouth chub Mylocheilus
caurinus which also has a pharyngeal tooth
formula of 1, 5–5, 1, with molariform teeth which
are used for crushing snails or fingernail clams.
Smith and Cassel (2002) placed †M. robustus and
M. caurinus as sister species within the same clade
because, in addition to the similarities in their
pharyngeal teeth, the structure of their pharyngeal
jaws allowed more crushing force to be applied. †M.
robustus was present in both Miocene and Pliocene
Lake Idaho but was most abundant in the Pliocene.

• †Lavinia (Idadon) condonianus (Cope 1883).
Pharyngeal teeth formula 1, 5–5, 1 or 2, 5–5, 2,
with striations on the hooked grinding surface of
teeth. Similar to modern hitch Lavinia exilicauda
endemic to the Sacramento and Russian River
Basins of California. Originally described as
†Idadon condonianus but the name was reduced to
a subgenus of Lavinia when it was discovered that

• †Mylocheilus whitei Smith and Cassel, 2002.
Pharyngeal tooth formula 0, 5–5, 0, teeth molariform (an adaptation for crushing mollusks). Most
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similar to †Mylocheilus inflexus which also had a
pharyngeal tooth formula of 0, 5–5, 0 teeth molariform. Smith and Cassel (2002) placed †M. whitei
and †M. inflexus as sister species in a different clade
from the clade in which they placed †M. robustus
and M. caurinus. †M. whitei was found in Miocene
Lake Idaho whereas †M. inflexus was found in late
Miocene and early Pliocene Lake Idaho.

backward curving tips (knife-life) i.e., adapted
for carnivory. Similar to modern northern
pikeminnow Ptychocheilus oregonensis of the
Columbia and Snake rivers, Sacramento pikeminnow Ptychocheilus grandis of the Sacramento
River, and Colorado pikeminnow Ptychocheilus
lucius of the Colorado River. All of these species
have a pharyngeal tooth formula of 2, 5–4, 2
or 2, 5–5, 2, teeth long, slender, knife-like, with
backward curving tips. Smith (1975) noted that
“†Ptychocheilus arciferus is very likely the direct ancestor of P. oregonensis.” I suggest that †P. arciferus
could also have been the ancestor of P. grandis
and P. lucius. As †P. arciferus became reproductively isolated in the Columbia, Sacramento, and
Colorado basins it underwent cladogenesis. †P.
arciferus occurred in Miocene, Pliocene, and
Pleistocene Lake Idaho. †P. arciferus also occurred in the Miocene and Pliocene Ringold
Formation, Washington (Smith et al. 2000).

• †Mylopharadon doliolus Smith and Kimmel, 1982.
Pharyngeal tooth formula 2, 5–4, 2, with the first
two teeth in the major row molariform and the
last three with slight hooks. Similar to the modern
hardhead Mylopharadon conocephalus endemic
to the Sacramento and Russian rivers, California,
which also has a 2, 5-4, 2 pharyngeal tooth formula,
molariform in adults but slender and hook-like in
juvenile specimens. Mylopharadon is the second
of three genera of cyprinids found as a fossil in
Lake Idaho with a modern representative in the
Sacramento River, California. †M. doliolus occurred in both Miocene and Pliocene Lake Idaho.

• †Richardsonius durranti Smith 1975. Pharyngeal
tooth formula 2, 5–5, 2 or 2, 5–4, 2, teeth robust,
with small flat grinding surface below terminal hook. Similar to modern redside shiner
Richardsonius balteatus which have the same
pharyngeal tooth formula and description of
teeth. R. balteatus is distributed throughout
the Columbia, Snake, and Fraser River basins
in western Alberta, British Columbia, Idaho,
Montana, Oregon, and Washington and also
occurs in western Wyoming, northern Utah,
and northern Nevada. Also similar to modern
Lahontan redside shiner Richardsonius egregious,
endemic to the Lahontan Basin in northern
California and introduced into the Sacramento
River (Moyle 2002). †R. durranti was “abundant”
in Pliocene and rare in Pleistocene Lake Idaho.

• †Mylopharadon hagermanensis Uyeno, 1961.
Pharyngeal tooth formula 2, 5–4, 2, with conical,
molar like cusps. Very similar modern hardhead Mylopharadon conocephalus found in the
Sacramento and Russian rivers, California. Smith
(1975) considered †M. hagermanensis and M. conocephalus to be sister species. †M. hagermanensis
occurred in Pliocene and Pleistocene Lake Idaho.
• †Orthodon ankgnathus Kimmel 1975. Pharyngeal
tooth formula probably 0, 5–5, 0, somewhat
molariform. Resembled modern Sacramento
blackfish Orthodon microlepidotus. †O. ankognathus occurred in Miocene Lake Idaho.
• †Orthodon hadrognathus Smith, 1975. Pharyngeal
tooth formula probably 0, 4–4, 0 or 0, 5–5, 0,
teeth long, straight, and knife-like. Tooth formula estimated from fragments of pharyngeal
arches. Similar to the modern Sacramento blackfish Orthodon microlepidotus (Ayres) with pharyngeal tooth formula of 0, 5–6, 0 or 0, 6–6, 0,
teeth long, straight, knife-like. Sacramento
blackfish are suspension feeders on phytoplankton and zooplankton. They engulf food by rapidly
opening and closing their mouths. The plankton
collects on mucus secreted by a palatal organ
on the roof of their mouth. Clumps of mucus
and food are then swallowed. Orthodon means
straight tooth; hadrognathus means thick jaw.
Orthodon is the third genus of cyprinid found
as a fossil in Lake Idaho, with modern representative in the Sacramento River, California. †O.
hadrognathus occurred in both Miocene and
Pliocene Lake Idaho.
• Ptychocheilus arciferus (Cope, 1870). Lake Idaho
pikeminnow. Pharyngeal tooth formula usually 2, 5–4, 2 or 2, 5–5, 2, teeth slender with a
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2.

Catostomidae: suckers (2 genera, 6 species).
• †Catostomus (Pantosteus) arenatus Miller and
Smith, 1967. The modern genus Catostomus
(means inferior mouth) is subdivided into
two subgenera based on the degree of closure
of the fronto-parietal fontanelle. In members
of Catostomus (Catostomus) the frontal bone
and parietal bones of the skull do not completely close and so leave an opening, called
the fontanelle, in the roof of the skull vault.
In members of Catostomus (Pantosteus) the
frontal and parietal bones close completely and
leave no opening. The name Pantosteus comes
from the Greek roots pan(t)-(all) and –osteum
(bone). †Catostomus (Pantosteus) arenatus was
characterized by the frontal and parietal bones
being fused together, i.e., a closed fontanelle.
Modern species of Catostomus that are placed
in subgenus Pantosteus include the mountain
sucker Catostomus (Pantosteus) platyrhynchus
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brevirostris Cope 1879, cui-ui Chasmistes cujus
Cope, 1883, and Snake River sucker Chasmistes
muriei Miller and Smith 1981, which also have
terminal mouths, with striated lips and few, minute papillae. They are limnetic planktivores. The
shortnose sucker occurs in the Upper Klamath
River, Oregon and northern California. The cuiui is endemic to the Lahontan Basin and Pyramid
Lake Nevada. The Snake River sucker occurs
in the Snake River, Idaho and has apparently
been extirpated from the Snake River, Wyoming
(Baxter and Stone 1995). †C. spatulifer occurred in
Miocene and Pliocene Lake Idaho (Kimmel 1975;
Smith 1975). Another fossil species †Chasmistes
batrachops Cope occurred at Fossil Lake, in
southern Oregon (Cope 1883) and in the Ringold
Formation, Washington (Smith et al. 2000).

(Cope, 1874) and possibly the bridgelip sucker
Catostomus (Pantosteas) Columbianus. Both
species occur in smaller headwater tributaries,
and are adapted to fast flows (see discussion in
chapter on Catostomidae). The †C. arentus fossils
were found in sandy, fluvatile deposits. The name
arenatus means sand, in reference to this habitat.
†C. arenatus occurred in Pliocene Lake Idaho.
• †Catostomus (Catostomus) cristatus Cope,
1883. Fontanelle present, so was placed in
subgenus (Catostomus). Modern species of
Catostomus (Catostomus) include the largescale
sucker Catostomus (Catostomus) macrocheilus
Girard, 1850 and longnose sucker Catostomus
(Catostomus) catostomus (Forster, 1773). Largescale
sucker are distributed principally throughout the
Columbia and Fraser River system. Longnose
sucker are distributed throughout Canada, Alaska,
and the northern United States, including the
Columbia and Fraser rivers. †C. cristatus was most
similar to C. macrocheilus. †C. cristatus occurred
in Miocene and Pliocene Lake Idaho. The maxillary and dentary bones of †C. cristatus in Pliocene
Lake Idaho deposits graded into those of C. macrocheilus found in overlying Pleistocene Lake Idaho
deposits (Smith et al. 1982) making †C. cristatus a
likely ancestor of C. macrocheilus.

3.

Ictaluridae: bullhead catfish (1 genus, 1 species).
• †Ameiurus vespertinus (Miller and Smith, 1967).
Western bullhead. Identified as a bullhead
because of the presence of cardiform tooth plates
and serrations on the posterior border of the pectoral spine. Similar to modern yellow bullhead
Ameiurus natalis and brown bullhead Ameiurus
nebulosus. The family was widespread and relatively abundant west of the Continental Divide
in the Miocene and Pliocene but became extinct
in the Pleistocene when the Cordilleran Ice Sheet
advanced to the south. Its recent natural distribution was restricted east of the Continental Divide
until yellow bullhead, brown bullhead, and black
bullhead Ameiurus melas were introduced by the
United States. Fisheries Commission–Bureau of
Fisheries and State fisheries agencies at several
locations in the Pacific Northwest.

• Catostomus (Catostomus) macrocheilus Girard,
1850. Largescale sucker. Fontanelle present.
Bones identical to modern largescale sucker
Catostomus (Catostomus) macrocheilus were
present in Pleistocene Lake Idaho (Smith et al.
1982).
• †Catostomus (Deltistes) owyhee (Miller and Smith,
1967). Fontanelle long and wide. Similar to modern
Lost River sucker Catostomus (Deltistes) luxatus
found in the Lost and Klamath rivers and Upper
and Lower Klamath lakes, in southwestern Oregon
and northern California. Subgenus Deltistes is characterized by widely spaced triangular gill rakers
(27–31) on the first arch, the crumpled appearance
of the snout, and a mouth that is almost terminal
(Miller 1959; Miller and Smith 1981; Smith 1992).
†C. owyhee occurred in Miocene and Pliocene Lake
Idaho. The presence of fossil Catostomus (Deltistes)
in Lake Idaho (Snake River) and modern forms in
the Klamath River suggests a former paleodrainage
connection between the two rivers.

4.

Salmonidae: salmon, trout, charr, whitefish (3 genera, 6 species).
• Oncorhynchus clarkii (Richardson, 1836). Cutthroat
trout. Salmonid bones from Pliocene Lake Idaho
too fragmentary to identify with certainty bore resemblance to modern cutthroat trout (Smith 1975).
• †Oncorhynchus (Rabdofario) carniatum Kimmel
1975. Occurred in Miocene Lake Idaho. Similar to
fossil †Oncorhynchus (Rabdofario) lacustris (Cope,
1870) from Pliocene Lake Idaho and modern rainbow trout Oncorhynchus mykiss (Walbaum, 1792).
See entry below on †Oncorhynchus (Rabdofario)
lacustris for more details. It may be that †O. (R.)
carniatum is a scientific synonym of †O. (R.)
lacustris or else †O. (R.) lacustris is a descendent
of †O. (R.) carniatum.

• †Catostomus (Deltistes) shoshoensis (Cope, 1883).
Fontanelle short and narrow. Similar to modern
Lost River sucker Catostomus (Deltistes) luxatus.
See above entry for more details.
• †Chasmistes spatulifer Miller and Smith 1967. A
sucker with a terminal mouth, adapted to plankton feeding, and a maxillary bone shaped like
a spatula (hence, the specific epithet spatulifer),
similar to modern shortnose sucker Chasmistes

• †Oncorhynchus (Rabdofario) lacustris (Cope, 1870).
Lake Idaho rainbow trout. Related to modern
rainbow trout Oncorhynchus mykiss (Walbaum,
1792) based on the shape of the frontal bone, caraA. T. Scholz
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tohyals, dermoethmoid and jaw bones (Smith and
Stearly 1988; Stearly and Smith 1993). In a cladistic
analysis, †O. (R.) lacustris was a sister species in
the same clade as O. mykiss (Stearly and Smith
1993). †O. (R.) lacustris was a large salmonid. The
average size of its bones was twice the size of those
from a Chinook salmon Oncorhynchus tshawytscha (Walbaum, 1792) that measured 980 mm (38.6
inches) TL and weighed 12.7 kg (28 lbs) (Smith
1975). †O. (R.) lacustris occurred in Pliocene Lake
Idaho. Smith (1975) reviewed the complicated
taxonomic history of †O. (R.) lacustris, noting
that it was originally called †Rhabdofario lacustris
by Cope (1870), renamed †Salmo copei (Uyeno
and Miller 1963), and restored to †Rhabdofario
lacustris (Cavender and Miller 1972).
• †Oncorhynchus salax Smith, 1975. This species was
distinguished by a ‘branchial sieve’ composed of
numerous (> 48) long gill rakers and small jaws,
which suggested it was a filter feeding planktivore.
Its bones resembled those of modern sockeye
salmon Oncorhynchus nerka, which is also characterized by numerous gill rakers (36–42) and
is planktivorous. Smith (1975) concluded that O.
nerka was a sister species and possibly a descendant of †O. salax. The specific epithet salax means
lustful, in reference to the fact that at several localities sexually mature fish with spawning kypes and
breeding teeth dominated the collection. Sexually
mature and juvenile †O. salax were collected at
localities characterized by conglomerates laid
down in lotic (stream) habitats, while intermediate sized and prespawning adults were collected
at localities characterized by fine sediments laid
down in lentic (lake) habitats. Thus, †O. salax was
thought to be a land-locked species that made
adfluvial migrations between tributaries and Lake
Idaho, i.e., similar to modern kokanee salmon,
the land-locked variant of the sockeye. †O. salax
occurred in Pliocene Lake Idaho.
• †Prosopium prolixus Smith 1975. This species was
placed in the subfamily Coregoninae and genus
Prosopium based on its long dermoethmoid bone
that contacted the frontals; frontals separate
nasals; small teeth on vomer (restricted to anterior
end), and the presence of urostyle ossifications
(“tendon bones”). The relationship of †P. prolixus
to modern whitefish is uncertain because it was
a large whitefish with long jaws. Typical lengths
were about 400–450 mm TL and maximum was
about 700 mm TL. In comparison maximum TL
of modern Prosopium species are about 350 mm
for mountain whitefish Prosopium willamsoni
(Girard, 1856) and about 150 mm for pygmy
whitefish Prosopium coulteri (Eigenmann and
Eigenmann, 1892) and Bonneville cisco Prosopium
gemmifer (Snyder, 1919). The pygmy whitefish and
Bonneville ciscos have long jaws and the moun194

tain whitefish has short jaws. Mountain whitefish
and pygmy whitefish occur throughout much
of the Columbia Basin. The Bonneville cisco is
endemic to Bear Lake, Idaho and Utah. It appears
to be related to fossils that were present in pluvial
Lake Bonneville. †P. prolixus occurred in Miocene
and Pliocene Lake Idaho.
• †Salvelinus (Paleolox) larsoni Kimmel 1975. Lake
Idaho charr. Identified as Salvelinus by the presence
of two rows of teeth embedded in the vomer that
are arranged perpendicular to each other, forming a transverse row on the head of the vomer and
a longitudinal row along the shaft of the vomer.
†S. larsoni was a large salmonid (about 1,200–
1,300 mm TL) with long jaws (150 mm), suggesting
that it was a piscivore. Smith et al. (1982) noted that
certain bones of †S. larsoni (e.g. premaxillary) were
identical to those of modern bull trout Salvelinus
confluentus (Suckley, 1859). It seems probable that S.
confluentus was a descendant of †S. larsoni. Kimmel
(1975) placed †S. larsoni in the genus †Paleolox. The
name means ancient salmon. Smith et al. (1982)
placed a similar fossil from Clarkia Lake in genus
Hucho. Smith and Cassel (2002) redescribed both
†Paleolox and Hucho in genus Salvelinus. †S. larsoni
occurred in Miocene and Pliocene Lake Idaho.
5.

Cottidae: sculpins (3 genera, 6 species).
• †Cottus calcatus Kimmel, 1975. Identified by
flattened preopercles that had weakly developed posterior spines. Most cottids have spiny
armorment on this bone, which is sufficiently
variable to be used for identification. Most
similar to modern shorthead sculpin Cottus
confusus Bailey and Bond, 1963 distributed in
the Columbia River drainage or Pit River sculpin
Cottus pitensis Bailey and Bond, 1963 distributed
in the Pit and Klamath rivers. †C. calcatus occurred in Miocene Lake Idaho.
• †Kerocottus divaricatus (Cope, 1883). †Kerocottus is
an extinct genus of sculpin. In addition to preopercular spines, it had prominent spines on its suborbital bones below the eye and prominent teeth
on the premaxilla, dentaries, vomer, and palatine
bones. Three species of †Kerocottus were identified
by the angles of their preopercular and suborbital
spines. †K. divaricatus was characterized by two
posterior spines that projected backward and
upward on the suborbital bone. †K. divaricatus occurred in Miocene and was abundant in Pliocene
Lake Idaho. †Kerocottus was unrelated to any
species of modern sculpin and apparently suffered
extinction at the end of the Pliocene. Smith (1975)
described †Kerocottus sp. as lake dwelling sculpins
that were intermediate between Cottus (sculpins)
and Myoxocephalus (deepwater sculpin).
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• †Kerocottus hypocercas (Cope, 1883).
Characterized by anterior preopercular spine that
is curved backward at the tip. See †Kerocottus divaricatus above for more information about genus
†Kerocottus. †K. hypocercas occurred in Pliocene
Lake Idaho.
• †Kerocottus pontifex (Cope, 1883). Characterized
by a top anterior preopercular spine that projected downward (ventral) and a top posterior
preopercular spine that projected to the side
(lateral). A prominent bony ridge on the preoperculum also separated the top preopercular spines
from the bottom preopercular spines. The trivial
name pontifex means ‘bridge’ in reference to this
structure. See Uyeno and Miller (1963), Linder
(1970), and Smith (1975) for additional information about the nomenclature of this species. See
†Kerocottus divaricatus above for more information about genus †Kerocottus. †K. pontifex
occurred in Pliocene Lake Idaho and became
extinct by the end of the Pliocene, and like other
members of †Kerocottus, left no modern relatives.
• †Myoxocephalus antiquus Smith, 1975. The
genus Myoxocephalus is distinguished from
all other genera of sculpins by the absence of
teeth on the palatine bones. †M. antiquus was
characterized by the presence of four short,
straight preopercular spines, with the fourth
spine less than half the length of the second and
third spines. Modern Myoxocephalus species
are found in fresh and salt water. Those that
occupy freshwater habitats are called deepwater
sculpins because they are typically found on the
bottom of large deep lakes, e.g., the Great Lakes,
Great Slave Lake or Great Bear Lake. Fossil
specimens of Myoxocephalus from Pliocene
Lake Idaho were recovered in fine sediments
that probably settled out at the bottom of the
limnetic zone of the lake.
• †Myoxocephalus idahoensis Smith, 1975. Lake
Idaho deepwater sculpin. See †Myoxocephalus antiquus above for general information about genus
Myoxocephalus. †M. idahoensis was characterized
by four short, straight preopercular spines of about
equal size and large pores in bones of its head and
jaws that were part of its acustico-lateralis system,
the sense that detects vibrations in the water. It
was most similar to the modern four-horned sculpin Myoxocephalus quadricornis (Linnaeus, 1758),
which has a circumpolar distribution. In North
America M. quadricornis is considered a glacial
relict and is known only from large, deep lakes east
of the Continental Divide. Smith (1975) speculated
that †M. idahoensis may be the sister group of M.
quadricornis because these were the only two species of North American that possessed very large
sensory canal pores. †M. idahoensis occurred in
Pliocene Lake Idaho.

6.

Centrarchidae: (1 genus, 1 species).
• †Archoplites taylori Miller and Smith, 1967. Lake
Idaho sunfish Archoplites is considered a primitive centrarchid. It had both spiny and soft rayed
dorsal fins that were broadly connected, similar to
most modern centrarchids. The anal fin had 6–7
spine in advance of 10–11 soft rays. Most of the
modern genera of centrarchids have 3 anal spines
preceding the soft rays e.g., Lepomis (sunfishes
such as green sunfish, bluegill, and pumpkinseed),
Micropterus (black basses such as smallmouth and
largemouth bass), and Pomoxis (crappies). The
modern species Archoplites interruptus (Girard,
1854), endemic to the Sacramento River, California,
also has 6–8 anal spines in advance of 10–11 soft
rays. Smith (1975) noted that the similarity of †A.
taylori and A. interruptus implied a drainage connection between the Snake and Sacramento rivers.

Grande Ronde Valley Alluvium
Fossil fishes that lived during the Pliocene 3.7–3.8 MYBP were
recovered from the Grande Ronde Valley alluvium near Imbler,
Union County, Oregon (vânTassell et al. 2001). The Grande
Ronde Valley is a graben that was occupied by a large lake about
9–7.5 MYBP (in the Miocene) and 2–4 MYBP (in the Pliocene),
when block faulting near the confluence of the Grande Ronde and
Columbia rivers temporarily dammed the Grande Ronde River
causing it to back up. The fish fossils were found in gravels and
conglomerates thought to have been deposited when streams arising in side valleys released their loads of sand and gravels immediately upon entering the lake, forming alluvial fans. In the Pliocene
stage of the Grande Ronde Valley Lake, the lake may have backed
up to the point where it formed a brief connection to Lake Idaho
at its southern terminus, which gave Lake Idaho fishes temporary
access into the lake and ultimately to the Columbia River. The
Grande Ronde Valley fish fossils are of interest because they are
similar to those of both Lake Idaho and the Ringold Formation
on the Columbia River, Washington (van Tassel et al. 2001; Smith
et al. 2002)..
Fossil fishes found in the Grande Ronde Valley alluvium
included:
1.

Cyprinidae (1 genus, 1 species).
• Ptychocheilus arciferus (Cope, 1870). The fossils
were not distinguishable from †P. arciferus found
in Miocene / Pliocene Lake Idaho or Pliocene
Ringold Formation, Washington (vânTassell et
al. 2001).

2.

Ictaluridae (1 genus, 1 species).
• Ameiurus sp. had characters that were intermediate between †Ameiurus vespertinus from
Miocene / Pliocene Lake Idaho and †Ameiurus
reticulatus from the Pliocene Ringold Formation,
Washington (vânTassell et al. 2001).
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3.

Salmonidae: Subfamily Coregoninae (1 genus, 1
species).
• Prosopium sp. had characters similar to
†Prosopium prolixus from Miocene / Pliocene
Lake Idaho (vânTassell et al. 2001).

4.

Centrarchidae (1 genus, 1 species).
• Archoplites sp. had characters that were intermediate between Archoplites taylori from
Miocene / Pliocene Lake Idaho and Archoplites
molarus from the Pliocene Ringold Formation,
Washington (vânTassell et al. 2001).

The similarity of the Grande Ronde fossil fish to those of both
Lake Idaho and the Ringold Formation supports the hypothesis of
a drainage connection between Lake Idaho and Columbia River
in the Pliocene about 3.7–3.8 MYBP, before the Snake River was
captured by the Columbia about 2.0 MYBP (van Tassel et al. 2001;
Smith et al. 2002).

PALEODRAINAGES AND FISH DISTRIBUTION
Uplift associated with the Laramide Orogeny in the Northern Rockies,
flows of the Columbia and Snake River basalts in the Miocene and
Pliocene, and the advance and retreat of the Cordilleran Ice Sheet in
the Pleistocene (which resulted in subsidence followed by isostatic
rebound of the land under the ice) have had large impacts on hydrographic connections such that paleohydrography was very different
from modern hydrography of western North America.
Pacific salmon and trout diverged during the Miocene. As the climate cooled and the productivity of freshwater ecosystems declined
during the Pliocene, marine productivity made an anadromous life
history increasingly advantageous (Gross et al. 1988; Montgomery
2004). Although Pleistocene glaciation, commencing about 1–2 MYBP,
was once thought to have triggered the diversification of salmon
(Neave 1958; McPhail 1997), fossil evidence indicates that the ancestors of many modern species were already present about 6 MYBP in
the Miocene (Stearly 1992; Stearly and Smith 1993). In addition, DNA
evidence indicated that Pacific salmon and trout radiated into distinct species by 6 MYBP (Thomas et al. 1986; reviewed by McPhail
1997 and Montgomery 2004). Montgomery (2000) hypothesized that
the rise of the coastal mountains on the west coast of North America,
coupled with Miocene basalt flows are what triggered the radiation of
Pacific salmon and trout. Atlantic salmon and trout have experienced
little morphological change in the past 20 million years whereas
Pacific salmon and trout have radiated into 7 distinct species in North
America. There has been relatively little physiographic change in the
Atlantic as compared to the Pacific rim, which also points to tectonic
activity on the Pacific rim as being the main driver of adaptive radiation in Pacific salmon and trout (Montgomery 2000).
One aspect that affected fish distribution was that during the
Miocene and most of the Pliocene, the Snake River flowed southwest to connect with either the Sacramento or Klamath rivers, or
perhaps both, at different stages of Lake Idaho, rather than with the
Columbia River (Hubbs and Miller 1948; Wheeler and Cook 1954;
Miller 1965; Hubbs et al. 1974; Minckley et al. 1986; McPhail and
Lindsay 1986). At that time, the Salmon, Clearwater, and Grand
Ronde rivers drained into the Columbia but the Snake River (then
Lake Idaho) was isolated from these rivers because it didn’t flow
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through Hells Canyon. About 3.7–3.8 million years ago, a temporary connection between the Snake River and Columbia River may
have existed through the Grande Ronde River valley. At a later point,
about 2 million years ago, the Snake River was “captured” by the
Columbia River by a process referred to as “headwater capture.” At
that time a channel eroded through the chasm of Hells Canyon and
Lake Idaho spilled its contents through the gap. This caused Lake
Idaho to lose its connection with the old Snake River channel that
drained southwest through Oregon. The paleodrainages and headwater transfers have had a profound effect on the modern biogeographic distribution of native fishes in the Columbia River Basin.
A second aspect that affected fish distribution was their occurrence in Ice Age refugia (McPhail and Lindsey 1986) and redistribution by Ice Age floods. Major ice free glacial refuges included the
ice free portions at the Columbia and Snake rivers (including Crab
Creek, Palouse River, and Walla Walla River, Glacial Lake Columbia
and Glacial Lake Missoula), an ice free area west of the Cascade
Mountains north of the Columbia River, the Queen Charlotte
Sound region, the Nahanni refuge along the Nahanni River in
British Columbia and Yukon, Beringia along the Yukon River in
Alaska, and the upper Missouri refuge in Montana. Fish that survived in those refugia were thought to repopulate the ice covered
portion of the Columbia and Fraser rivers after the ice melted. The
Lake Missoula floods probably dispersed fishes that survived the ice
age in Glacial Lake Missoula to occupy much of eastern Washington.
As deglaciation commenced in the interior between the
Cascades (coastal range in British Columbia) and Rocky
Mountains, a series of large glacial lakes captured meltwaters, producing a shifting network of drainage connections. The
Fraser River canyon was blocked with ice and the Fraser River
drained south through a series of glacial lakes that formed in the
Okanogan River valley, into the Columbia River (McPhail and
Lindsey 1986). This route provided a paleodrainage connection
between the Columbia and Fraser rivers, and explains why these
two rivers have so many species of fish in common. With the retreat of the glaciers, the ice covered regions of Washington, North
Idaho, Montana, British Columbia, and Alberta became available
for colonization by fish from the ice free refuges. Also, isostatic
rebound of the earth after the ice melted created barrier falls that
prevented upstream migration of migratory fishes. Major barrier
falls included Palouse Falls on the Palouse River, Washington,
Enloe Falls on the Similkameen River, Washington, Spokane Falls
on the Spokane River, Washington, Meyers Falls on the Colville
River, Washington, Christina Falls on the Kettle River near the
Washington–British Columbia border, Metaline Falls on the Pend
Oreille River, Washington, Bonnington Falls on the Kootenay
River, British Columbia, and Shoshone Falls on the Snake River.
One major impact of glaciation was increased rainfall in the
arid Great Basin. The high precipitation and runoff produced a
series of immense pluvial lakes in southern Oregon, northern
Utah, and Nevada, e.g., pluvial Lake Bonneville (Utah), pluvial
Lake Lahonton (Nevada), and lakes of the Harney Basin, Oregon.
The surface elevation of Lake Bonneville rose until it spilled over
into the Snake River. Spillover occurred about 30,000 YBP when
Lake Bonneville overflowed its basin and scoured a channel
through Red Rocks Pass into the Snake River (Malde 1968). This
discharge provided a paleodrainage connection that allowed fish
from both the Snake River and Lake Bonneville to move freely in
either direction.
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A final aspect that affected fish distribution in the Columbia
Basin is human disturbance during the Holocene, including (1)
alteration of habitat via construction of hydroelectric dams that
blocked migrations of anadromous and fluvial or adfluvial potamodromous fishes, logging, grazing, agriculture, and mining; (2)
over-harvest of depleted stocks; and (3) introduction of non-indigenous fishes. The native fish assemblage of the interior Columbia
Basin above Bonneville Dam formerly contained 37 indigenous
species. At present (2008), a total of 44 nonindigenous species or
subspecies have been added to the Columbia Basin. Many of these
species such as walleye, smallmouth and largemouth bass, northern pike, and muskellunge prefer fusiform, soft bodied prey such
as Salmonidae, Catostomidae, and Cyprinidae, so they represent a
threat to native fishes which belong mainly to those families. Also,
three spine sticklebacks (Gasterosteidae), an indigenous species,
have disappeared in most lake localities where nonindigenous
bullheads have been introduced (McPhail and Lindsey 1986).
The native fish assemblage of the Columbia Basin appears to be
derived from three major sources:
1.

Those that evolved in the interior or coastal portions
of the Columbia Basin;

2.

Those that evolved in Lake Idaho and later emigrated
into the Columbia Basin;

3.

Those that were distributed into the Columbia Basin
of Washington from Glacial Lake Missoula by flood
events.

Fish species that apparently evolved in the interior or coastal
portions of the Columbia Basin include: river lamprey Lampetra
ayresi, western brook lamprey Lampetra richardsoni, Pacific lamprey Lampetra tridenta, white sturgeon Acipenser transmontanus,
tui chub Gila bicolor, leopard dace Rhinichthys falcatus, pink salmon
Oncorhynchus gorbuscha, chum salmon Oncorhynchus keta, coho
salmon Oncorhynchus kisutch, Chinook salmon Oncorhynchus
tshawytscha, sandroller Percopsis transmontanus, threespine stickleback Gasterosteus aculeatus, prickly sculpin Cottus asper, paiute
sculpin Cottus beldingi, margined sculpin Cottus marginatus, and
torrent sculpin Cottus rhotheus.
Fish species that appeared to evolve in Lake Idaho and then migrate
into the Columbia Basin included: chiselmouth Acrocheilus alutaceus,
peamouth Mylocheilus caurinus, northern pikeminnow Ptychocheilus
oregonensis, redside shiner Richardsonius balteatus, bridgelip sucker
Catostomus columbianus, largescale sucker Catostomus macrocheilus, mountain sucker Catostomus platyrhynchus, rainbow trout
Oncorhynchus mykiss, sockeye salmon Oncorhynchus nerka, pygmy
whitefish Prosopium coulteri, mountain whitefish Prosopium williamsoni, bull trout Salvelinus confluentis, and shorthead sculpin Cottus
confusus. Each of these species appears to have been represented by a
possible fossil ancestor in Miocene / Pliocene Lake Idaho:
†Acrocheilus latus → Acrocheilus alutaceus,
†Mylocheilus robustus → Mylocheilus caurinus,
†Ptychocheilus arciferus → Ptychocheilus oregonensis,
†Richardsonius durranti → Richardsonius balteatus,
†Catostomus arenatus → Catostomus columbianus and / or
Catostomus platyrhynchus,

†Catostomus cristatus → Catostomus macrocheilus,
†Oncorhynchus (Rabdofario) lacustris → Oncorhynchus mykiss,
†Prosopium prolixus →Prosopium coulteri or Prosopium
williamsoni,
†Prosopium prolixus → Prosopium coulteri or Prosopium
williamsoni,
†Salvelinus larsoni → Salvelinus confluentis, and
†Cottus calcatus → Cottus confusus.
Fish species that appear to have survived the ice ages in Glacial
Lake Missoula and were likely distributed by flood events into
the interior Columbia Basin of Washington included: lake chub
Couesius plumbeus, longnose dace Rhinichthys cataractae, speckled dace Rhinichthys osculus, redside shiner Richardsoni bastrotus, longnose sucker Catostomus catostomus, pygmy whitefish
Prosopium coulteri, mountain whitefish Prosopium williamsoni,
cutthroat trout Oncorhynchus clarkii, bull trout Salvelinus confluentis, burbot (Lota lota), mottled sculpin Cottus bairdi, and slimy
sculpin Cottus cognatus. Of these species, the lake chub, longnose
dace, longnose sucker, pygmy whitefish, mountain whitefish, cutthroat trout, bull trout, burbot, mottled sculpin, and slimy sculpin
are naturally distributed on both sides of the Continental Divide.
Table 4.2 provides a list of nonindigenous fishes with their
date of introduction into waters of eastern Washington. Most of
these fishes were initially placed in lakes of ponds that contained
a few species of cyprinids and catostomids. However, during flood
events they became widely dispersed throughout the Columbia
and Snake rivers, where they have become predators of, and competitors with, indigenous salmonids. See Distribution section for
each species for more details about each of these introductions.
Anthropogenic influences on watershed processes also affect the distribution and abundance of salmon and other indigenous species across a wide range of spatial and temporal scales
(Montgomery 2004). For example, on a broad geographic scale,
construction of hydroelectric and irrigation dams without fish
ladders in the Columbia Basin reduced the amount of salmon
spawning habitat to 44% of that available before 1910, from 163,000
square miles to 72,800 square miles (Stober et al. 1979).
On a more local geographic scale the huge trees of the Pacific
Northwest’s native forests greatly influenced the region’s rivers and
played a pivotal role in shaping salmon habitat. Placement of large
woody debris in streams affected the number of pools, regulated
deposition of spawning gravels, and resulted in an anastomosing
network of braided channels that
“made the Pacific Northwest river’s natural salmon factories with spawning gravel located in proximity to deep
pools for summer rearing and sheltered floodplain sidechannels for winter rearing” (Montgomery 2004).
This type of habitat has undergone extensive reworking because of snag removal efforts by the Army Corps of Engineers and
clearcut logging in riparian corridors, “which reduced the supply
of large trees that could erode into the river and become new snags”
(Montgomery 2004). Effectively, reductions in the supply of large
woody debris has converted complex river channels into simpler
river channels, resulting in losses of up to 50–67% of salmonid
spawning and rearing habitat in some streams (Montgomery 2004).
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Table 4.3

List of nonindigenous fishes showing year the species was first introduced into waters of eastern Washington together
with notes on the introduction (Page 1 of 4.)

Order
Family
Subfamily
Genus species (Discoverer) ~ common name
Order Clupeiformes
Family Clupeidae
Alosa sapidissima ~ American shad1

Year of First
Introduction

1876

Reference

Smith (1896)

Order Cypriniformes
Family Cyprinidae
Carassius auratus ~ goldfish2
Ctenopharyngodon idella ~ grass carp3
Cyprinus carpio ~ carp4
Notemigonus crysoleucas ~ golden shiner5
Pimephales promelas ~ fathead minnow6
Tinca tinca ~ tench7

1878
~1980
1881
~1990
~1990
1885

Smith (1896)
Wydoski and Whitney (2003)
Smith (1896)
Wydoski and Whitney (2003)
Scholz et al. (2004)
Smith (1896)

Order Siluriformes
Family Ictaluridae
Ameiurus melas ~ black bullhead8
Ameiurus natalis ~ yellow bullhead9
Ameiurus nebulosus ~ brown bullhead10
Ictalurus furcatus ~ blue catfish11
Ictalurus punctatus ~ channel catfish12
Noturus gyrinus ~ tadpole madtom13
Pylodictus olivaris ~ flathead catfish14

>1888
>1880
>1888
1934
1892
1972
~1975

Wydoski and Whitney (2003)
Wydoski and Whitney (2003)
Smith (1896)
Groves (1951)
Smith (1896)
Wydoski and Whitney (2003)
Wydoski and Whitney (2003)

Order Esociformes
Family Esocidae
Esox americanus ~ redfin pickeral15
Esox lucius ~ northern pike16
Esox lucius x Esomosquinongy ~ tiger muskellunge17

1892
~1978
1988

Smith (1896)
Duff (1979)
Tipping (1990)

1889

Smith (1896)

1900
1968
1959
1913
1904
1932
1896
1900
1980

Kershaw (1904)
Kucera et al. (1985)
Crawford (1979)
Darwin (1916)
Titcomb (1905)
Leach (1933)
Kershaw (1904)
Kershaw (1904)
Wydoski and Whitney (2003)

1921

Dibble and Kinney (1923)

2004

Bennett and Seybold (2004)

1970

Wydoski and Whitney (2003)

1999

Scholz et al. (2003)

1890

Smith (1896)

Order Salmoniformes
Family Salmonidae
Subfamily Coregoninae
Coregonus clupeaformis18
Subfamily Salmoninae
Oncorhynchus clarkii var. bouvieri ~ Yellowstone cutthroat trout19
Oncorhynchus clarkii var. henshawi ~ Lahontan cutthroat trout20
Oncorhynchus mykiss var. aguabonita ~ golden trout21
Oncorhynchus nerka var. kennerlyi ~ kokanee salmon22
Salmo salar ~ Atlantic salmon23
Salmo trutta ~ brown trout24
Salvelinus fontinalis ~ brook trout25
Salvelinus namaycush ~ lake trout26
Salvelinus fontinalis x salmon trutta ~ tiger trout27
Subfamily Thymallinae
Thymallus arcticus ~ Arctic grayling28
Order Cyprinodontiformes
Family Cyprinodontidae
Fundulus diaphanous ~ banded killifish29
Family Poeciliidae
Gambusia affinis ~ western mosquitofish30
Order Gasterosteiformes
Family Gasterosteidae
Culaea inconstans ~ brook stickleback31
Order Perciformes
Family Centrarchidae
Lepomis cyanellus ~ green sunfish32
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Table 4.3 (continued) List of nonindigenous species (Page 2 of 4.)
Order
Family
Subfamily
Genus species (Discoverer) ~ common name
Lepomis gibbosus ~ pumpkinseed33
Lepomis gulosus ~ warmouth34
Lepomis macrochirus ~ bluegill35
Micropterus dolomieu ~ smallmouth bass36
Micropterus salmoides ~ largemouth bass37
Pomoxis annularis ~ white crappie38
Pomoxis nigromaculatus ~ black crappie39

Year of First
Introduction
1893
1892
1890
1925
1890
1891
1891

Family Percidae
Perca flavescens ~ yellow perch40
Sandor vitreus ~ walleye41
Sander vitreus x Sander canadensis ~ saugeye42

1890
1950s
2000

Family Serrasalmidae
Mylossoma sp. ~ pacu43

1982

Reference
Wydoski and Whitney (2003)
Smith (1896)
Smith (1896)
Wydoski and Whitney (2003)
Smith (1896)
Smith (1896)
Smith (1896)

Smith (1896)
Wydoski and Whitney (2003)

¹ Mature shad were found in the Columbia River by 1876 following their introduction into the Sacramento River, California in 1871 (Smith
1896). Shad were subsequently stocked into the Willamette River (n = 50,000), tributary of the Columbia, and into the Snake River
(n = 10,000) near its confluence with the Columbia River in 1885 (Smith 1896; Lapman 1946). Shad were also stocked into the Willamette
River (n = 550,000) and the Columbia River nears its confluence with the Walla Walla River (n = 300,000) in 1886 (Smith 1896; Lapman
1946). The Willamette River continued to receive regular shipments of shad until the 1920s.
² Goldfish were introduced to Washington in 1878 by the United States Fish Commission (Smith 1896). They were established in eastern
Washington waters by 1931 (Schultz and DeLacy 1935 / 1936), in Moses Lake by 1942 (Chapman 1942; Groves 1951).
³ Grass carp were stocked illegally at numerous locations in eastern Washington in the 1970s and 1980s (Bonar 1990; Bonar et al. 1996).
Between 1994 and 2000, triploid (sterile) grass carp were stocked at 41 locations in 16 eastern Washington counties for the purpose of
acting as a biological control agent to control nuisance macrophytes. Special permits were issued by WDFW and WDOE for these plants.
⁴ Carp were introduced into numerous locations in eastern Washington between 1882 and 1896 (Smith 1896).
⁵ There is no record of introduction of golden shiners in eastern Washington. Golden shiners were first observed in North and South Twin
Lakes and Round Lake, Ferry Co. (Fairbanks et al. 2004). They currently appear to be well established in North and South Twin Lakes
accounting for 49% of the relative abundance of 939 fish sampled in North Twin Lake and 48.5% of the relative abundance of 2,981 fish
sampled in South Twin Lake in 2003 (Fairbanks et al. 2004).
⁶ There is no record of introduction of fathead minnow into eastern Washington. Fathead minnows were first recorded in eastern
Washington at North and South Twin Lakes, and Elbow Lake, Ferry Co. in 1980 and 1981 (J. Marco, Colville Confederation Tribes
Department of Fish and Wildlife, pers. comm.). They were also reported in a pond connected by a screened irrigation canal to the
Yakima River, Yakima Co., in 1994 (E. Anderson, WDFW, Yakima, Washington, pers. comm.), and in Pine (Scholz et al. 2004; Glover 2004),
Cottonwood (Fox 2005), and Rock (Porter 2006) creeks, tributaries of the Palouse River, Whitman Co., from 2001-2005.
⁷ Tench were first introduced into eastern Washington by the United States Fish Commission at Fourth-of-July Lake, Adams and Lincoln
Cos., Fats Lake, and a pond in Spokane Co. (n = 400) in 1895 (Smith 1896). Tench (n = 758) were also placed in Diamond Lake, Pend Oreille
Co. and 8 ponds in Latah and Kootenai Cos., Idaho in 1895 (Smith 1896).
⁸ Black bullhead. A mixture of black bullhead, brown bullhead, and yellow bullhead were stocked in Silver Lake, Cowlitz Co., before 1888.
They escaped down the Cowlitz and entered the Columbia River (Smith 1896). Introduced into Moses Lake, Grant Co. in 1922 by the
Washington Department of Fish and Game (Groves 1951).
⁹ Yellow bullhead. See entry for black bullhead.
¹⁰ Brown bullhead. See entry for black bullhead.
¹¹ Blue catfish (n = 1,250) was introduced into Moses Lake, Grant Co., by the United States Bureau of Fisheries in 1934 (Groves 1951). This
plant failed to establish a self-sustaining, naturally reproducing population (Groves 1951).
¹² Channel catfish was introduced by the United States Fish Commission into Deer Lake (n = 50), Stevens Co. in 1892 and 100 were planted
in the Boise River, tributary of the Snake River, Idaho in 1893 (Smith 1896).
¹³ Tadpole madtom. No record of introduction, but thought to have been introduced into the Snake or Boise rivers, Idaho, in a shipment of
channel catfish or bullheads by the USFWS (Simpson and Wallace 1982). They then migrated down the Snake River into Washington. First
discovered in 1972 by L. G. Brown, WDFW, at the confluence of the Walla Walla and Columbia rivers (Wydoski and Whitney 2003).
¹⁴ Flathead catfish. No record of stocking flathead catfish in Washington or Idaho. It is thought that they were introduced in 1943 by
mistake when IDFG ordered some blue catfish from the USFWS and flathead catfish were shipped instead (Simpson and Wallace 1982).
Flathead catfish but no blue catfish were subsequently recovered in the Snake and Boise rivers, Idaho. By the mid 1970s, they had
colonized the four lower Snake River reservoirs and four lower Columbia River reservoirs in Washington (Wydoski and Whitney 2003), but
have been found in recent years so it is unlikely that they established natural spawning locations.
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¹⁵ Redfin pickerel. No record of stocking in Washington. The origin of pickerel in eastern Washington can be attributed to a plant of 76 yearling northern pike into the Boise River, Idaho in 1892. It is thought that those pike were misidentified redfin pickerel. See section on redfin
pickerel in Chapter 13 for further discussion about this.
¹⁶ Northern pike were introduced illegally into, and became established in, the Coeur d’Alene Lake system, Idaho. They gained access into
Washington down the Spokane River. First confirmed report in Washington was in Long Lake Reservoir in 1978 (Duff 1979). Northern pike
were first observed in Box Canyon Reservoir, Pend Oreille River in 2001 (Conner et al. 2003). They undoubtedly colonized the reservoir
by migrating from a source population in the Flathead River, Montana, having migrated downstream the Flathead, Clark Fork, and Pend
Oreille rivers. This population resulted from an unauthorized introduction into the Flathead River system, Montana prior to 1971.
¹⁷ Tiger muskellunge. (n = 5,051) was first introduced in Washington in Mayfield Reservoir, Cowlitz County in 1988 by WDFW (Tipping 1980,
1989). Since then WDFW has stocked them at the following locations in eastern Washington: Newman and Silver lakes, Spokane Co.,
Evergreen Reservoir and Red Rocks Lake, Grant Co., and Curlew Lake, Ferry Co.
¹⁸ Lake whitefish were stocked by USFC into Coeur d’Alene (n = 1,930,000), Pend Oreille (n = 1,300,000) and Hayden (n = 20,000) lakes, Idaho
in 1889. Apparently, some of these fish migrated down the Spokane or Pend Oreille rivers into Washington State because there are no
records of introductions into Washington. Lake whitefish are abundant in Lake Roosevelt.
¹⁹ Yellowstone cutthroat trout (called Montana black spotted trout) were introduced at a number of sites in eastern Washington in 1900
by USBF, including: Camil Lake, Stevens Co. (n = 3,000), Lake Creek, Lincoln Co. (n = 4,000), Little Spokane River (n = 10,000) and Plugh
Creek (n = 5,000), Spokane Co., Natches River, Yakima Co. (n = 5,000), Touchet River, Walla Walla Co. (n = 5,000) and Yakima River, Kittitas
Co. (n = 5,000) (Kershaw 1904). In 1901, Bigelow Creek (n = 5,000), Little Spokane River (n = 5,000), Spring Creek (n = 10,000) and Bear
(then called Knester) Lake (n = 10,000), Spokane Co., the Pend Oreille River at Newport, WA, Pend Oreille Co. (n = 38,500), and a fish pond
at Wilbur, Lincoln Co., received plants of yellowstone cutthroat (Kershaw 1904). In 1936, the USBF shipped Yellowstone cutthroat from
Yellowstone Hatchery to a hatchery in Spokane, Washington (Varley 1978, 1981).
²⁰ Lahontan cutthroat trout were introduced into Omak Lake, Okanogan Co., in 1968 by the USFWS and Colville Confederated tribes (Kucera
et al. 1985).
²¹ Golden trout, first introduced in 1936 by USFS into high mountain lake in the Skykomish River drainage (Chapman 1942). In 1959, WDF
obtained golden trout eggs from Wyoming Department of Fish and Game and reared them at Goldendale Fish Hatchery until they were
stocked in Alpine lakes in the Cascade Mountains (Crawford 1979).
²² Kokanee salmon. Commencing in 1913, WDFW began planting kokanee salmon from Lake Whatcom, Bellingham, WA into waters of
eastern Washington. From 1913-1923 and 1933-2007, a total of 415,269,693 kokanee were planted into 309 lakes and streams in eastern
Washington (Darwin 1916, 1917, 1920, 1921; Dibble and Kinney 1923; WDFW Fish Stocking Database).
²³ Atlantic salmon were introduced into Sullivan Lake, Pend Oreille Co. (n = 4,980) by the USBF in 1904 (Titcomb 1905) and Moses Lake, Grant
Co. (n=5,395) and Rock Lake, Whitman Co. (n = 3,000) in 1906 (USBF 1907).
²⁴ Brown trout (n = 266,600) were stocked at unspecified locations in eastern Washington by USBF in 1932 (Leach 1933). From 1932-1937,
a total of 2,449,070 brown trout were planted by federal agencies in Washington (Leach 1933, 1934; Leach and James 1935, 1936, 1937,
1938).
²⁵ Brook trout (n = 4,000) were stocked in the Colville River, Stevens Co., and the Little Spokane River by the USFC in 1896, and into a spring
brook near Yakima, Yakima Co. (n = 3,500), Rock Creek, Whitman Co. (n = 2,500), the Spokane River, Spokane Co. (n = 1,500), the Little
Spokane River, Spokane Co. (n = 1,500), Wilbur Creek, Lincoln Co. (n = 3,000), and the Columbia River in Wenatchee, Chelan Co. (n = 1,500) in
1899 (Kershaw 1904).
²⁶ Lake trout were introduced by the USBF into Newman Lake, Spokane Co. (n = 14,995), Loon Lake, Stevens Co. (n = 26,930), and a pond
near Wenatchee, Chelan Co., in 1900, into Pierre Lake, Stevens Co. (n = 6,800) in 1903, and Deep Creek (n = 2,000), Pierre and Summit lakes,
Stevens and Ferry Cos. (n = 19,980) in 1904 (Kershaw 1904). In 1906, lake trout were planted in Badger (n = 3,997), Bonnie Lake (n = 4,000),
and Chapman (n = 3,995) lakes in Spokane Co. (USBF 1907).
²⁷ Tiger trout were raised at the WDFW hatchery in Spokane, WA and stocked into locale waters in the 1980s (Wydoski and Whitney 2003).
They were phased out in the 1990s and brought back in 2003. Since 2003 tiger trout have been stocked at one location in Adams Co., one
location in Douglas Co., 25 locations in Grant Co., 5 locations in Okanogan Co., 3 locations in Pend Oreille Co., 5 locations in Spokane Co.,
and 6 locations in Stevens Co.
²⁸ Arctic grayling were introduced at several locations in Kittitas Co. in 1921 by WDFG, including Cle Elum Lake (n = 40,000), Fish Lake (n =
22,000), Kachess Lake (n = 30,000), Keechelus Lake (n = 30,000), Teanaway River (North Fork) (n = 15,000), Teanaway River (middle fork) (n
= 15,000), Teanaway River (South Fork) (n = 15,000), and Yakima River (n = 23,000) (Dibble and KInney 1923). In 1936, arctic grayling (n =
357,000) were sent from Grebe Lake hatchery, Montana to the WDG hatchery in Spokane, WA (Varley 1979). About 100,000 of these were
stocked by WDG in the Little Pend Oreille River, Stevens Co. In 1945, arctic grayling (n = 52,185) were shipped from Grebe Lake hatchery,
Montana to the WDF hatchery in Chelan, WA (Varley 1979).
²⁹ Killifish. No records of introduction in Washington. First reported in Kalama River, Cowlitz Co. in 1989 (Wydoski and Whitney 2003).
Recently (in 2004) reported at Lower Granite Dam on Snake River (Bennett and Seybold 2004).
³⁰ Western mosquitofish. Stocked illegally in 1970s in Adams, Benton, Grant, Franklin, and Walla Walla counties for the purpose of mosquito
control. At present, western mosquitofish are stocked by special permits issued by WDFW and WDOE.
³¹ Brook stickleback. No record of introduction. First discovered in Rock Creek, tributary of Palouse River, Spokane and Whitman counties in
1999 (Scholz et al. 2003). Later discovered in Pine Creek (Glover 2004), Cottonwood Creek (Fox 2005), and other tributaries of Rock Creek,
and throughout the Rock Creek drainage (Porter 2006). In 2004, a single specimen was collected in Latah Creek, tributary of the Spokane
River, Spokane Co. (Scholz 2005).
³² Green sunfish and bluegill were introduced by the United States Fish Commission into Loon Lake, Stevens Co. (n = 25) and Sprague Lake
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(then called Lake Colville), Adams and Lincoln Cos. (n = 25) in 1890, and Loon (n = 300) and Deer (n = 150) lakes, Stevens Co., in 1891
(Smith 1896).
³³ Pumpkinseed were reported in the Columbia River in 1893 (Wydoski and Whitney 2003). Also Chapman (1943) noted that pumpkinseed
in Kahlotus Lake, Franklin Co. weighed 1.5 lbs each.
³⁴ Warmouth (n = 29) was introduced by the United States Fish Commission into Loon Lake, Stevens Co. in 1892. WDFW biologist Don
Earnest collected a warmouth at Williams Lake, Spokane Co., and sent it to the UW Fish Collection (UW 011421) in 1942. Spence and
Earnest (1968) collected one warmouth at Eloika Lake, Spokane Co. in 1961.
³⁵ Bluegill. See notes above on green sunfish.
³⁶ Smallmouth bass were introduced into the Willamette River Oregon in 1924 and the Yakima River, Washington in 1925 (Wydoski and
Whitney 2003). Fish released at these locations dispersed throughout the Columbia River and tributaries.
³⁷ Largemouth bass were introduced into Sprague Lake (then called Colville Lake), Adams and Lincoln Cos., and Loon Lake, Stevens Co.
(n = 1,220 fish in both lakes) by the USFC in 1890 (Smith 1896). In 1891, largemouth were sent to Loon Lake and Liberty Lake, Spokane Co.
(n = 125 fish). In 1892, largemouth were planted in Clear (n = 400) and Liberty (n = 300) lakes, Spokane Co., and in Loon (n = 400) and Deer
(n = 700) lakes, Stevens Co. (Crawford 1892; Smith 1896).
³⁸ White crappie. A mix of white and black crappie were introduced by the United States Fish Commission into Loon Lake, Stevens Co.
(n = 220) and Liberty Lake, Spokane Co. (n = 50) in 1891, and Deer Lake, Stevens Co. (n = 25) in 1892 (Smith 1896).
³⁹ Black crappie. See notes above on white crappie.
⁴⁰ Yellow perch were introduced by the USFC into Loon Lake, Stevens Co. (n = 25) and Sprague Lake (then called Lake Colville) (n = 30) in
1890, in Loon Lake (n = 500) in 1891 and Loon Lake (n = 100), South Fork Palouse River, Whitman Co. (n = 200), and Newman Lake (misidentified as in Idaho), Spokane Co. (n = 200) in 1895 (Smith 1896).
⁴¹ Walleye. “Fry introduced into Lake Roosevelt in 1950s and expanded range downstream to Bank Lake by 1962. Now occurs throughout
the Columbia River and lower reaches of tributaries to Portland, OR and Vancouver, WA” (Wydoski and Whitney 2003).
⁴² Saugeye were stocked by WDFW into Liberty Lake, Spokane Co. in 2000 (n = 2000 fingerlings) and 2001 (630,000 sac fry).
⁴³ Pacu were discovered in Silver Lake, Spokane Co. in 1982.
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Columbia River Basin Hydrology and
Fish Distribution in Eastern Washington

The Columbia River, called Nch’i-Wàna (the big river) by the
Sahaptin speaking tribes (Hunn 1990), and nkʷtnetk or Nexʷetkʷ
(phonetic script) meaning big river by the Salish speaking Spokane
Tribe of the Columbia Basin (Ross 2011) is 1,989 km (1,243 mi) long
between its source at Columbia Lake, British Columbia at an elevation of 820 m (2,690 ft) above mean sea level (MSL) and its
confluence with the Pacific Ocean at an elevation of 0 m (0 ft)
MSL (Figure 5.1). The area of its drainage basin encompasses
668,000 km² (258,000 sq. mi.). The average (range) discharge is
7,500 (340–35,000) cubic meters per second (m³ ⁄ s) or 265,000
(12,100–1,240,000) cubic feet per second (cfs) .
In this chapter, two conventions are used to locate waterfalls, dams, and tributaries that join rivers. First, is a river kilometer (RKM) or river mile (RM) designation. RKM and RM on
the Columbia River mainstem are given starting at the ocean
and proceeding upstream, or if an RKM and RM are given for a
tributary of the Columbia, RKM or RM 0 is the confluence of that
tributary with the Columbia and proceeding upstream. Second,
tributaries are designated as entering from the left bank or right
bank. These designations are made as if one is travelling downstream in a raft.

COLUMBIA RIVER MAINSTEM
Over its course, the Columbia passes over two waterfalls [Celilo at
RKM 301 (RM 188) and Kettle Falls at RKM 1,127 (RM 704.5)] and
59 major rapids. Celilo Falls (also called the Chutes, The Dalles, or
Great falls of the Columbia River) was actually a series of falls and
rapids located between RM 188–200. Over this distance, the river
dropped 25 m (82 ft) at high water and 19 m (63 ft) at low water.
Water flowed through chute-like channels and over basalt ledges
that were from 1–5 m (3–15 ft) in height at low and average water
(12,100–265,000 cfs), but were completely submerged under high

water during the spring freshet (1,240,000 cfs), when the river
rose by 19 m (62 ft).
Indians gathered there and built wooden platforms over the
falls, upon which they stood with dip nets and spears trying to
catch salmon and steelhead trout in their attempts to leap over the
falls or swim through the chutes (Figure 5.2). The Wishram and
Yakima people lived along the north (right) bank of the Columbia.
The Wasco and Walla Walla People lived along the south (left) bank.
Besides these bands, as many as 1,500 Indians from many nations,
especially of the Nez Perce, Yakama, Warm Springs, and Umatilla
Nations, gathered at Celilo Falls to lay in their winter’s supply of
salmon (Fuller 1928). An individual spearsman or dipnetter would
catch from 15–20 fish per hour at the height of the fishing season
(Wilson 1865). The Indians also harvested thousands of Pacific
Lamprey “and they [were] seen hanging in great numbers in their
lodges to dry [under smoky fires]” (Townsend 1834).
Celilo Falls also attracted pinnipeds (sea lions and harbor seals)
that followed the salmon and steelhead up the Columbia River as
far as Celilo Falls (Townsend 1834; Desmet in Chittenden and
Richardson 1905). Fur trader George Simpson (1841) noted, “These
animals ascend the Columbia in great numbers in [their] quest of
the salmon.” Bald eagles and condors, perched on the cliffs of the
basalt gorge downstream from Celilo Falls, would occasionally
swoop down and snag a salmon out of the river.
In 1957, Celilo Falls was submerged under Lake Celilo, the reservoir created by The Dalles Dam. The federal government held
congressional hearings in 1947 and concluded that construction of
The Dalles Dam would not violate tribal fishing rights under the
treaties that the United States had entered into with the affected
tribes (Dietrich 1995). Indians with guaranteed treaty rights to fish
for salmon and steelhead in “usual and accustomed places” now
have to fish the reservoir using gill nets set from boats instead of
dipnets and spears to catch them.
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Figure 5.2

Indian fishery at Celilo Falls. Indians stood on platforms with dipnets and spears to catch salmon that were attempting
to jump these falls. These falls were submerged under Lake Celilo, the reservoir that was created by construction of The
Dalles Dam in 1957. Photo courtesy of USACE US-PD.

Kettle Falls (Figure 5.3) was formed where the Columbia River
passes through quartzite overlying basalt. The river dropped about
25 feet in two falls, one of 10 feet, the other of 15 feet at low water that
could be heard from miles away. The Salish Indian term for Kettle
Falls was “Somet Knu Falls” (Symons 1882), which means “roaring or noisy water.” It was called “Chaudière Falls,” by Canadian
voyagers because “the falling waters converge[d] to give the pool
below [them] the appearance of a huge boiling cauldron” (Symons
1882). During the spring freshet in June, the rise of the river nearly
submerged Kettle Falls, making it easy for anadromous Chinook
salmon, sockeye salmon, and steelhead trout to pass the falls.
Gibbs (1874) called Kettle Falls “One of the great fishing grounds
of the neighboring Indians, who annually assemble[ed] in the summer,
in large numbers,” to catch Chinook salmon, sockeye salmon, and
steelhead trout. About 1,000 Indians of many nations, with various
bands of Colvilles (Washington), Spokanes (Washington), Kalispel
(Washington), Kootenai (Idaho), and Coeur d’Alene (Idaho) tribes
being most numerous, gathered to catch salmon and lampreys, which
were attached to the rocks below the falls, from June until August,
with some fish being caught into October. The falls did “not stop the
passage of salmon, but check[ed] them enough to enable the Indians to

secure incredible numbers” (Gibbs 1874). About 1,000–2,000 salmon
and steelhead a day were harvested by the Indians fishing at Kettle
Falls (Scholz et al. 1985). The Indians caught them in huge basket
traps about 10 feet long, three feet wide and four feet deep that
were suspended below the falls (Elliot 1915). The fish which failed
in their attempts to jump the falls fell back into the baskets. Three
to eight times a day, two Indians would wade into the traps, club
the salmon on the head, and throw them to Indian women on the
shore who would gut and clean them. Each time the basket would
contain about 250–300 salmon (Wilkes 1845; Desmet in Chittenden
and Richardson 1905). David Thompson in 1811 named the falls IlthKoy-ape, which was the local Indian name for the basket traps (Elliot
1918). Additionally, other salmon were taken by spear and dip net by
Indians standing on rocks or wooden platforms. According to Paul
Kane, a famous Canadian artist who visited Kettle Falls in 1847, “An
ordinary spearsman will easily take as many as 200 in a day” (Kane
1968), but by 1878 catches of 20–30 fish per day by individual fisherman were more common (Scholz et al. 1985). On a knoll above the
falls, the Indians constructed about 20 sheds about 20 ft wide by 60 ft
long for drying the salmon (Elliot 1918). They built smoky fires in the
sheds to keep flies away while the salmon was drying.
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Kettle Falls, Columbia River Washington. (A) One of the last Chinook salmon to jump Kettle Falls before Grand Coulee
Dam blocked their migration to the Upper Columbia in 1939. Image courtesy of Washington State Archives (B) Indians
fished from rocks and scaffolds using spears to harpoon salmon. They also used basket traps suspended over the falls to
capture salmon (see Figure 3.5 for details). In aboriginal times as many as 1,000 Indians gathered at Kettle Falls to harvest
salmon. (C) The size of the Chinook harvested at Kettle Falls was impressive. Many weighed 30 pounds and a few tipped the
scales at 80–100 lbs. Images (B, C) courtesy of Kettle Falls Historical Society.
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Kettle Falls was inundated in 1940 when the Grand Coulee
Dam impounded the Columbia River to create Lake Franklin D.
Roosevelt (Lake Roosevelt). An estimated 8,000–10,000 Native
Americans from the Colville, Spokane, Kalispel, Coeur d’Alene,
Yakama, Nez Perce, Flathead, Blackfeet, Pend d’Oreille and
Tulalip tribes attended a “Ceremony of Tears” in June 1940 to
mark the occasion.
Some other notable rapids were:
1.

Cascade Rapids at RKM 234 (RM 146.5), which were
submerged under Lake Bonneville, the reservoir created by Bonneville Dam in 1937.

2.

Umatilla Rapids (Musselshell Rapids) at RKM 467
(RM 292), which was blasted with dynamite to create steamboat passage in 1891 and 1910 / 1911. They
were submerged under Lake Wallula, the reservoir
of McNary Dam, in 1954. The Lewis and Clark
Expedition (1805) named them Musselshell Rapids
owing to the presence of numerous mussels.

3.

4.

Priest Rapids at RKM 634–652 (RM 396 and 407) was
a series of seven cataracts where the Columbia River
dropped 22 m (72 ft) in elevation over the 14 km (9 mi)
distance. Wanapum Indians lived in about a dozen
villages along the Priest Rapids Reach. They were
attracted there because the river narrowed as it passed
through the rapids, causing salmon to bunch up,
which made them easier to catch. These rapids are now
submerged under the reservoir created by construction of Priest Rapids Dam in 1959.
Rock Island Rapids at RKM 726 (RM 454) where the
river fell about 3 m (10 ft) over a distance of 3.2 km
(2 mi). These rapids were the result of gravel being
deposited in the Columbia River which nearly blocked
the river channel at low water. These rapids were
submerged under Rock Island Reservoir, created by
construction of Rock Island Dam in 1933.

5.

Foster Creek Rapids at RKM 870–875 (RM 544–547)
were one of the worst on the river. The Columbia fell
by 6.4 m (21 ft) over a distance of 5 km (3 mi). They
were submerged under Rufus Woods Lake, the reservoir of Chief Joseph Dam in 1958.

6.

Whirlpool Rapids (Kalichen Falls) at RKM 888
(river mile 555), was one of the most dreaded by
experienced river runners (Symons 1882). The rapids
were characterized by swift currents, fearsome half
sunken rocks on both sides of the channel, and
“white foam of the tumbling waters” (Symons 1882). At
the bottom was a huge standing wave and below it an
immense whirlpool capable of sucking down a boat
and its crew. “Years ago…a Hudson Bay company
bateaux... capsized in [the whirlpool], and out of a
crew of 16 men, 8 perished in the water and on the
rocks” (Symons 1882). These rapids were submerged
under Rufus Woods Lake, the Reservoir behind
Chief Joseph Dam in 1958.

7.

Hells Gate Rapids at RKM 990 (RM 619) where the
river narrowed as it flowed past three rocky islands
with great velocity. These rapids were submerged
under Lake Roosevelt, the reservoir behind Grand
Coulee Dam in 1939.

8.

Spokane Rapids at RKM 1,024 (RM 640) was a turbulent rapid where the river ran “through a narrow channel between its two banks, which are contracted with
great boulders and massive rocks. The space free from
rock is narrow, and through it ran with great velocity
and power” (Symons 1882). This rapid was submerged
under Lake Roosevelt in 1940.

9.

Grand Rapids (also called Rickey Rapids) at
RKM 1,115.7 (RM 697.3) were so dangerous that experienced river runners usually portaged around them.
The river dropped 6.1 m (20 ft) over a distance of one
mile through numerous bedrock outcropping, “around
which the waters surge[d] and toss[ed]… into foam”
(Symons 1882). These rapids were also submerged
under the waters of Lake Roosevelt in 1940.

10. Little Dalles at RKM 1,166 (RM 729). The Little Dalles
was the second narrowest spot along the Columbia
River where the River was compressed to a total
width of 40 m (130 ft) where it passed through a deep
limestone gorge with vertical walls. During high water
the water dropped about 15 feet in “a seething, whirling
torrent, impelled forward by a 16-foot head!...Trees and
logs 60 feet in length disappear[ed] in the Little Dalles at
high water; they [went] right down on end and [did] not
reappear.” (Symons 1882). These rapids were submerged
under Lake Roosevelt in 1940.
11.

A. T. Scholz

Priest Rapids at RKM 1,554 (RM 971.2), and Dalles des
Morts (Death Rapids) at RKM 1,555 (RM 971.7) was considered the most treacherous stretch of the Columbia
River. These rapids were the fastest on the River, with
current velocity estimates at over 32 km / h (20 mph).
They claimed many lives. They were named in 1817
when seven Northwest Fur Company trappers wrecked
their canoe in them and lost all their food. They began
an overland trek through impenetrable forest to
Spokane House over 480 km (300 mi) away. Only one
survived by resorting to cannibalism. Twelve Hudson
Bay Company fur traders were drowned when their
canoe capsized in Death Rapids in 1838. A number of
other fatal accidents occurred. In 1882, Lt. T. W. Symons,
United States Army Corps of Engineers, who made
a survey of the Columbia River in 1881, visited Death
Rapids and made the following observations. “[Here]
there is a very bad system of rapids…They are about two
miles long from end to end. Many a poor fellow has closed
his earthly career by intrusting himself to their treacherous [current], and a number of solitary graves are here to
be seen, and names of victims never found are carved on
the surrounding rocks.” Today Priest and Death Rapids
are submerged under Lake Revelstoke, the reservoir
behind Revelstoke Dam, constructed in 1984.
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12. Twenty-one mile rapids at RKM 1,640 (RM 1,024.7)
to RKM 1,673 (RM 1,045.7), was about 34 km (21 mi)
in length, extending from the mouth of the Canoe
River to the outlet of Kinbasket Lake. Freeman (1921)
described it as “one of the longest, if not the longest”
stretch of unbroken rapids “in any of the great rivers of
the world.” The rapids ran through a narrow and steep
canyon, with nowhere to haul out a canoe, so they had
to be run at one time. These rapids were inundated by
the reservoir (which enlarged Kinbasket Lake), created
by Mica Dam in 1973.
13.

Surprise Rapids at RKM 1,717 (RM 1,073.2), where the
river fell about 30 m (100 ft) over a distance of 5.4 km
(3.3 mi). The river fell over three cascades: the first
dropped 6.4 m (21 ft) over 230 m (750 ft); the second
dropped 4.6 m (15 ft) over 370 m (1,200 ft); the third
dropped 7.6 m (25 ft) over 760 m (2,500 ft). These rapids
were also submerged under Kinbasket Lake in 1973.

The Columbia was a hell-roaring river that dropped an average 0.41 m ⁄ km (2.16 ft ⁄ mi). For comparison, the Mississippi River,
which is 3,730 km (2,320 mi) long with a source elevation of 450 m
(1,475 ft) above MSL drops 0.12 m ⁄ km (0.64 ft ⁄ mi). The Colorado
River, which is 2,330 km (1,450 mi) long with a source elevation
of 2,743 m (9,000 ft) above MSL, drops 1.2 m ⁄ km (6.2 ft ⁄ mi). The
Grand Canyon reach of the Colorado, which is famous for its numerous rapids with large standing waves and whirlpools, is 446 km
(277 mi) long. The elevation of the river at the upper end of the
reach is 1,128 m (3,700 ft) above MSL. At the lower end, the elevation of the river is about 381 m (1,250 ft). Thus, the Colorado River
through the Grand Canyon Reach drops 1.6 m ⁄ km (8.8 ft ⁄ mi).
Another indication of how fast the Columbia River was is the
speed at which boats travelled down the Columbia mainstem. For
example, David Thompson, an employee of the Northwest Fur
Company, left Kettle Falls at 06:30 a.m. on 3 July, 1811 and arrived
at the Pacific Ocean at 09:30 a.m. on 15 July, 1811. He stopped at
many locations to palaver with the various bands of Indians fishing
for salmon and steelhead along its banks. He kept a daily log of the
time spent on the river (Tyrell 1916; Glover 1962). All told it took
him approximately 80–90 hours to travel 1,127 km (704.5 mi) between Kettle Falls and the mouth of the Columbia River. Thus, he
travelled downstream at a rate of 12.5–14.1 km ⁄ hour (7.8–8.8 mph)
during a period of high discharge by a combination of drifting
with the current and paddling by his crew of voyagers.
Dr. George Suckley descended the River from Kettle Falls to
Fort Vancouver in a canoe between 18 November and 6 December,
1853. He calculated that he averaged 3.5 mph during a period of low
discharge (Stevens 1855).
First Lieutenant, Thomas S. Symons, United States Army Corps
of Engineers, made the trip from Rickey Rapids (below Kettle Falls
at RKM 1,115.7 or RM 697.3) to the confluence with the Snake River
(RKM 518.4 or RM 324), in a stout cedar bateaux in the company
of his topographical assistant, Mr. Downing, and five Indians. The
purpose was to map this portion of the Columbia River. He left
on 21 September 1882 at 09:00 a.m. and arrived at the mouth of
the Spokane on 23 September at 09:10 a.m. He embarked from
the confluence of the Columbia and Spokane at about noon on
3 October 1882 and arrived at the confluence of the Snake River at
10:00 a.m. on 9 October 1882. The group spent about 55–60 hours
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to travel downstream a distance of 597.3 km (373.3 mi), at speeds of
about 10–11 km ⁄ hour (6.2–6.8 mph) at low discharge.
In 1920 L. R. Freeman descended the Columbia river from very
near its source (at RM 1,096.1) to Portland, Oregon (RM 102) using a
variety of conveyances, including canoe, rowboat, small outboard motorboat, and steam paddlewheel boat from Revelstoke (RM 925.9) to
Castlegar (RM 780.6), British Columbia, and from Pateros (RM 524)
to Chelan Falls (RM 503), Washington (Freeman 1921). Subtracting
the portions travelled by steam paddle boats yielded a total distance
travelled of 828.3 mi. He made this trip over a period of 29 days during a period of low river discharge between 29 September and 10
November. He spent approximately 155 hours during this period on
the river (again subtracting the portions of the trip made by steam
paddle boat), travelling at a rate of approximately 8.8 km/h (5.5 mph).
At present, 14 mainstem dams (Table 5.1) have reduced much
of the Columbia River from a free flowing (lotic) environment to
a series of static (lentic) reservoir lakes. Of 1,192 km (745 mi) in
the United States, only the 233.2 km (145 mi) long segment below
Bonneville Dam, and an 80 km (50 mi) long segment between
Richland, Washington and Priest Rapids Dam, known as the
Hanford Reach, are still “free flowing.” The dams provide many
benefits, including some of the cheapest hydroelectric power in
the United States, flood control, and irrigation storage for growing
crops. However, these benefits have come at a cost to the production
of anadromous fish. The dams have greatly slowed the pace of the
downstream migration of anadromous fish to the sea, making them
susceptible to predators for longer periods of time. Additionally,
during high discharge years, water spilling over the spillway of high
dams becomes charged with excessive levels of total dissolved gasses
(nitrogen and oxygen). This produced gas bubble trauma (GBT) in
the fish, a condition similar to “the bends” experienced by SCUBA
divers, when the excess nitrogen gas dissolved in blood comes out of
solution and ruptures capillaries. This condition is sometimes fatal
(acute GBT) or can be non-fatal but cause stress (chronic GBT).
The Columbia River flows to the northwest for about 360 km
(200 mi) from its source at the inlet of Columbia Lake, British
Columbia (RKM 1,988.5, RM 1248.0) (Figure 5.4). The lake’s outlet
is located at RKM 1,971 (RM 1,231.9). It then flows through Lake
Windermere, British Columbia [Inlet at RKM 1,954 (RM 1221.0);
outlet at RKM 1,939 (RM 1,211.6)] into the Columbia Wetlands
Reach, where the river flows through a braided network of channels and marshes over a distance of 160 km (100 mi). By RKM 1,762
(RM 1,101.2) the various channels anastomose into a single channel
and the river begins to drop through Kitchin Rapids, Brinkman
Terror Rapids (RKM 1,754), and Surprise Rapids (RKM 1,717) into the
head of Kinbasket Lake [inlet at RKM 1,685 (RM 1,053); [original outlet at RKM 1,673 (RM 1,046.7), current outlet at Mica Dam RKM 1,629
(RM 1,018.1)]. The northernmost point of the Columbia was at Boat
Encampment used by Northwest Fur Company and Hudson Bay
Company fur traders (RKM 1,640 or RM 1,025.0) as a connecting
point to the Athabasca River and eventually Hudson Bay. From here,
the Columbia River flows south through Death Rapids (RKM 1,555 or
RM 971.7), Upper Arrow Lake [inlet at RKM 1,433 (RM 895.6); outlet
at RKM 1,370 (RM 856.5)], Lower Arrow Lake [inlet at RKM 1,344
(RM 840.3); outlet at RKM 1,249 (RM 780.6)], across the International
border (RKM 1,192 or RM 745.0) into the United States. The Kootenay
(Canada) / Kootenai (United States) River joins the Columbia on the
left bank at RKM 1,238.6 (RM 774.1). The Pend Oreille River joins the
Columbia from the left bank at RKM 1,193 (RM 745.5).
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1954
1959
1963
1933
1959
1967
1958
1942
1968
1984
1973

McNary Dam
Priest Rapids Dam
Wanapum Dam
Rock Island Dam
Rocky Reach Dam
Wells Dam
Chief Joseph Dam
Grand Coulee Dam
Keenleyside Dam
Revelstoke Dam
Mica Dam
467.2
635.4
665.3
725.4
761.0
825.0
872.2
954.6
1249.0
1411.2
1629.0

233.8
306.4
345.0

RKM

292.0
397.1
415.8
453.4
473.0
515.6
545.1
596.6
780.6
882.0
1018.1

146.1
191.5
215.6

RM

344
486
570
608
707
779
946
1,290
1,444
1880
2,475

72
160
268

Elev.
(ft msl)

56
29
65
33
57
60
70
168
52
175
242

18
79
56

m

183
96
213
108
197
197
230
552
171
574
797

59
260
184

ft

Dam Height

2,245
3,124
2,557
1,092
1,000
1,265
1,311
1,592
853
992
792

1,056
2,705
2,327

m

7,365
10,248
8,390
3,580
3,820
4,150
4,300
5,223
2,800
3,255
2,598

3,463
8,875
7,634

ft

Dam Length
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64
18
38
20
43
29
52
151
145
130
135

48
24
76

mi

Lake Wallula
Priest Rapids Lake
Lake Wanapum
Rock Island Pool
Lake Entiat
Lake Pateros
Rufus Woods Lake
Lake Franklin D. Roosevelt
Arrow Lake Reservoir
Lake Revelstoke
Kinbasket Lake

Lake Bonneville
Lake Celilo
Lake Umatilla

Reservoir Name

Y
Y
Y
Y
Y
Y
N
N
N
N
N

Y
Y
Y

Fish
Passage

 Mica Dam: Turbines 4. Installed capacity 1,740 MW. Two additional turbines are scheduled to be added bringing the installed capactiy to 2,610 MW.

 Revelstoke Dame: Turbines 4. Installed capacity 1,843 MW. Two additional turbines currently being added which would increase installed capacity to 2,880 MW.

 Keenleyside Dam: Dam constructed 1968 (no turbines). In 2002 powerhouse added. Turbines : 2. Installed capacity 185 MW.

 Grand Coulee Dam: First and second powerhouse 1942 (27 turbines), third powerhouse (6 turbines). Turbines 33. Installed capacity 6,809 MW.

 Chief Joseph Dam: Powerhouse (16 turbines) 1558, dam raised 10 ft and 11 additional turbines installed 1979. Turbines 27. Installed capacity 2,620 MW.

 Wells Dam: Turbines 11. Installed capacity 851.4 MW.

 Rocky Reach Dam: Phase I (7 turbines) 1959, Phase II (4 turbines) 1971. Turbines 11. Installed capacity 1,299 MW.

 Rock Island Dam: First powerhouse (4 turbines) 1953, expanded (6 turbines) 1953, second powerhouse (8 turbines) 1979. Turbines 18. Installed capacity 623.7 MW.

 Wanapum Dam: Turbines 10 . Installed capacity 1,038 MW.

 Priest Rapids Dam: Completed in 1959, full activation 1961. Turbines 10. Installed capacity 955.6 MW.

 McNery Dam: Partial activation 1954, full activation 1957. Turbines 14. Installed capacity 1,127 MW.

 John Day Dam: Turbines 16. Installed capacity 2,160 MW.

 The Dalles Dam: Turbines 22. Installed capacity 2,038 MW.

103
29
61
31
68
46
82
243
232
208
216

77
39
123

km

Reservoir Length

 Bonneville Dam: First powerhouse 1934, second powerhouse 1981. Turbines 20. Installed capacity=1,092.9 MW.

1934
1957
1971

Year
Completed

USACE
USACE
USACE
USACE
Grant County PUD
Grant County PUD
Chelan County PUD
Chelan County PUD
Douglas County PUD
USACE
USBR
BC Hydro
BC Hydro
BC Hydro

P, N, I
P, N, I
P
P
P
P
P
P, I
P, I, F
P, F
P, F
P, F

Owner

P, N
P, N

Purpose

Dams along the mainstem of the Columbia River. Purpose: P= power production, I= irrigation, F=flood control, N=navigation. Fish passage: Y= yes, N= no. USACE = United
States Army Corps of Engineers. USBR = United States Bureau of Reclamation.

Bonneville Dam¹
The Dalles Dam²
John Day Dam

Dam
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Figure 5.4

Columbia Lake, British Columbia. The source of the Columbia River. Photo courtest Phil Kuntz, © 2008 all rights reserved.

In eastern Washington, the Columbia continues to flow south
past the Little Dalles at RKM 1,166 (RM 729), Kettle River [enters from the right bank at RKM 1,130 (RM 706.4)], Kettle Falls at
RKM 1,125 (RM 703.2), Colville River [enters from the left bank at
RKM 1,119 (RM 699.5)], to Grand Rapids at RKM 115.7 (RM 697.3),
and the confluence with the Spokane River [enters from the left
bank at RKM (RM 638.9). At the Spokane, the Columbia makes
a right angle bend and flows west about 174 km (109 mi) to its
confluence with the Methow River. Along this route, it is joined
from the right bank by the Sanpoil River at RKM 984 (RM 615.0),
the Nespelem River at RKM 931 (RM 582.1), Okanogan River at
RKM 854 (RM 533.5), and the Methow River at RKM 838 (RM 523.9).
The Columbia then follows a southerly course for about 335 km
(209.3 mi) along the eastern slopes of the Cascade Mountains to its
confluence with the Walla Walla River. Along this route, it is joined
from the right bank by the Chelan River at RKM 810 (RM 503.0),
Entiat River at RKM 774 (RM 483.7), Wenatchee River at RKM 749
(RM 468.4), and Yakima River at RKM 536 (RM 335.2). It is joined
from the left bank by Mosses Coulee / Douglas Creek at RKM 717,
(RM 447.9), Crab Creek at RKM 657 (RM 410.8), Snake River at
RKM 519 (RM 324.2), and Walla Walla River at RKM 503 (RM 314.6).
The approximately 80 km (50 mi) long Hanford Reach is located between Richland, Washington RKM 555 (RM 347.1) and Priest
Rapids Dam at RKM 635 (RM 397.1). This segment is the last remaining “free flowing” reach of the Columbia River in the United States
above Bonneville Dam that is not inundated by a reservoir lake. In
this reach, the White Bluffs unit of the Ringold Formation contain
many species of fishes of Miocene / Pliocene age, including the bones
of giant sabertoothed salmon Oncorhynchus (Smilodonichthys) rastrosus and Columbia muskellunge Esox columbianus (Smith et al. 2000).
Today, large numbers of upriver bright fall Chinook salmon spawn
over the numerous gravel bars in the Hanford Reach, more than at
any other location in the mainstem of the Columbia River.
The Hanford Reach is also famous because the Hanford Nuclear
Reservation was constructed along its banks (Figure 5.5). In total,
nine nuclear reactors were built there during and after World War
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II. Plutonium from the B reactor was used in making the first
Atomic Bomb that was exploded in the desert at Alamogordo, New
Mexico on 16 July, 1945, and for making the atomic bomb, dubbed
Fat Man, that was dropped on Nagasaki, Japan on 9 August, 1945.
The site served to produce plutonium from 1944–1971. Water
was pumped in from the Columbia River to cool the reactors.
Water contaminated by radioactivity was returned to the Columbia
River. By 1957, eight reactors dumped an average of 50,000 curies
of radioactive material into the river every day. These releases were
kept secret by the federal government until the late 1980s when
declassified documents were released.
Although the reactors have been decommissioned (the last
nuclear reactor, the N reactor, ceased operation by the late 1970s)
and are currently being dismantled, the aquifer (ground water)
under the Hanford site was contaminated by radioactivity and
pollutant chemicals by leakage from massive underground storage tanks. Some of the contaminants have already leaked into
the Columbia where the water table intersected the Columbia
River. Even more highly radioactive contaminants are expected
to reach the Columbia River within 12–15 years if they are not
cleaned up. As a result the Hanford site is presently the nation’s
largest Superfund site. A cleanup of those radioactive chemicals
is now underway.
From the Walla Walla River, the Columbia follows a westerly direction for 341 km (213.1 mi) to the mouth of the Willamette River,
forming the border between Oregon and Washington. Along this
course it is joined by the Umatilla River [RKM 462 (RM 289.0)],
John Day River [RKM 349 (RM 218)], Deschutes River [RKM 326.6
(RM 204.1)], Hood River [RKM 271 (RM 169.4)], Sandy River [ RKM
192.8 (RM 120.5)], and Willamette River [RKM 162.4 (RM 101.5)]
from the Oregon shore [southern (left) bank], and Rock Creek
[RKM 365.6 (RM 228.5)], Klickitat River [RKM 288.6 (RM 180.4)],
White Salmon River [RKM 269.3 (RM 168.3)], Little White Salmon
River [RKM 259.2 (RM 162.0)], Wind River [RKM 247.2 (RM 154.5)],
and Washougal Rivers [RKM 193.1 (RM 120.7) from the Washington
Shore [northern (right) bank]. Along this route the Columbia

Fishes of Eastern Washington: A Natural History

Columbia River Basin Hydrology and Fish Distribution in Eastern Washington

Figure 5.5

Hanford Nuclear Reservation on the banks of the Columbia River. Photo courtesy of United States Department of
Energy, US-PD.

passes through the 120 km (75 mi) long Columbia River Gorge [at
about RKM 200–320 (RM 125.0–200.0)], one of the most scenic
spots on the North American Continent.
In the Gorge, the Columbia River narrows and passes through
tiered basalt cliffs that rise vertically from the river to heights of
183–305 m (600–1,000 ft) (Figure 5.6). Numerous waterfalls cascade
over the basalt terrain including the 189 m (620 ft) Multnomah Falls,
the 30 m (100 ft) high upper Latourell Falls and 76 m (249 ft) high
Lower Latourell Falls, 15 m (50 ft) high upper Shepherd’s Dell Falls,
18 m (60 ft) high lower Shepherd’s Dell Falls, 30 m(100 ft) high upper
Bridal Veil Falls, 18 m (60 ft) high lower Bridal Veil Falls, 74 m (242 ft)
Wahkeena Falls (the Yakama Tribe’s word Wahkeena means most
beautiful), 9 m (30 ft) high Fairy Falls, 41 m (135 ft) high Triple Falls,
54 m (176 ft) high Horsetail Falls, 8 m (25 ft) high upper Wahcella Falls,
23 m (70 ft) high lower Wahcella Falls, 46 m (150 ft) high Metlako Falls,
4.5 m (15 ft) high Punch Bowl Falls, 63 m (208 ft) high Wah Gwin Falls
(the Yakama name Wah Gwin means rushing or tumbling waters),
and 37 m (120 ft) high Hardy Falls (Figure 5.7). Besides these named
falls, dozens of other falls cascaded over the basalt cliffs. Above the basalt cliffs, the snow capped peaks of the Cascade volcanoes [Mt. Hood,
Oregon (elevation 11,249 ft), Mt. Saint Helens (elevation 8,365 ft), Mt.
Adams, Washington (elevation 12,821 ft), and Mt. Rainier, Washington
(elevation 14,441 ft)] could be seen (Figure 5.8).
A detectable climate change occurs in passing through the
Gorge, from bright, sunlit, parched desert on the east, to dim,
misty rainforest on the west. The Dalles and Celilo Falls were contained within, near the eastern entrance, of the Gorge.

Jesuit Father Peter Desmet who travelled through the gorge in
1845 and wrote the following description of it.
“The sublime and the romantic appear to have made a
grand effort for magnificent display in this spot. On both sides
of the [river] walls of rock rise in majestic boldness—small
rills and rivulets, innumerable crystalline streams purse their
way; murmuring down the steep declivities, they rush and
leap from cascade to cascade … adding … their foaming tribute to the turbulent and powerful [Columbia River].
The mountain scenery on both sides of the river…is
truly delightful, heightened occasionally by [glimpses] of
snow capped Mounts Hood and St. Helens.”
A few years later, in 1855, Issac Ingalls Stevens wrote this about
the Columbia Gorge:

A. T. Scholz

“Foremost among the wonders that attract the admiring gaze of travelers are the numerous and beautiful … falls,
which pour from every … mountain top … As many as 12 of
these fairy cascades can be counted within view in a single
reach of the river. Some, descending from hanging rocks, are
dissolved in spray less than halfway down the falls; others
steal down the crooked crannies of the mountain, never actually leaving their steep channels, in which they glisten like a
snow-wraith … Most of them are tiny threads of foam, but…
where the water pours over a broader ledge, [it] spreads a
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Figure 5.6

A

Figure 5.7
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Crown Point in the Columbia River Gorge viewed from Chanticleer Point. Photo courtesy of Paul Schultz CC-BY 2.0

B

C

D

A) Horsetail falls, photo courtesy of Frank Kovalcheck, CC-BY 2.0. B) Wahkeena Falls, photo courtesy of Frank
Kovalcheck, CC-BY 2.0. C) Narada Falls, photo courtesy of Craig Conley, CC BY 2.0. D) Multnomah Falls, photo courtesy of Michelle Plumb, © 2011 all rights reserved.
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Figure 5.8

Mt. Hood, Oregon viewed from the Columbia River Gorge. Gifford Photographic Collection, (P 218; 14416. Photograph by
Benjamin A. Gifford), Oregon State University Archives, Corvallis, Oregon.

veil such as Undine [fabled female water spirit who received
a soul if she married a mortal and bore him a child] might
have worn, gently waving with undulations of the air, every drop yet appears so distinctly to the eye that we pause,
though vainly, to hear it splashing on the rocks beneath.”

from the overhanging rocks. These gigantic rocks are thickly
covered by mosses and ferns from base to summit, giving a
soft outline and warm mellow color to the immense columns
of basalt. Along many ravines, from the mountain snows
above, torrents like silver threads dash down the slope and
leap in fairy falls and cascades from rock to rock, finally loosing themselves in vapor before reaching the base of the cliff … ”

Sill later, in 1887, Eli Sheldon Glover, an early resident of
Spokane, Washington, passed through the Gorge and described
the eastern entrance:
“The river has cut a great channel or canyon some 600
feet deep … [through basalt cliffs layered by yellow, orange, and green lichens]. To the west, Mt. Hood lifts its
snowcapped summit like a pyramid of crystal high above
the clouds … The shores are becoming bolder and more
picturesque as we pass downstream. Great walls of smooth
basaltic rock rise up on either bank … and occasional huge
columns of basalt stand up in the [middle of the channel] … water boils and surges [around] them with great
force. Ahead of us black rocks seemed to fill the channel
and the river rushed through all broken up by white foam.”
At the western entrance, Glover described how the Gorge narrowed and described the scenery:
“This is a very beautiful and remote spot … The scenery is
lovely beyond description. We have passed into an entirely
different climate … with [plentiful] rain … On the Oregon
shore the mountains rise up to a great height in perpendicular cliffs. Along the front of these cliffs is a border of graceful
trees, and into their foliage drop hundreds of little waterfalls

“[At Cape Horn, near the western entrance of the
Gorge stood] a basalt formation [Rooster Rock] that
rises directly from the water … [to a height of several
hundred feet] … all covered with a soft upholstery of deep
green moss … [In the distance] … Mt. Hood stood out
bold and cold in pure white against the blue sky … having
no visible connection with the earth [as its base] was hidden by clouds. We half expected to see its sharply painted
outline change into a cloud and float away.”
The Columbia River Gorge was occupied by many bald eagles perched on snag trees and even some California condors
perched on cliffs overlooking the river (Figure 5.9). Occasionally,
they would dive down and snag a salmon that, while attempting
to jump the falls, had fallen back onto the rocks (Wilbur 1973,
2010). Apparently, a good many condors occupied the Columbia
Gorge because an Indian midden along the Columbia River near
The Dalles, Oregon yielded a considerable number of California
Condor bones, dating back thousands of years (Miller 1957).
From the Willamette River to the Cowlitz River [RKM 109
(RM 68)] the Columbia River took a jog to the North and was joined

A. T. Scholz
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Figure 5.9

Condors perched on cliffs in Columbia River Gorge.

by the Lewis River from the Washington shore [RKM 139 (RM 87.0)].
From the Cowlitz River, the Columbia River flowed west into the
Pacific Ocean through an estuary that is about 40 km (25 mi) long.
The Grand Coulee is the river bed that the Columbia River
flowed through during the Ice Ages (Figure 5.10). A tongue of ice
temporarily dammed the Columbia near where Grand Coulee
Dam is now located at RKM 954 (RM 596.6). This ice lobe created
Glacial Lake Columbia, where Lake Franklin D. Roosevelt (the
reservoir behind Grand Coulee Dam) is now located. The ice age
lake was about 305 m (1,000 ft) deep in comparison to the 122 m
(400 ft) depth of present day Lake Roosevelt. This elevation difference diverted the Columbia so that it flowed south through the
Grand Coulee instead of along its normal route to the west and
then south around the segment that is called the Big Bend of the
modern river. During the Ice Ages, the Columbia flowed through
the Grand Coulee, over Dry Falls, a 5.6 km (3.5 mi) long horseshoe
shaped waterfall 121 m (400 ft) high, that is thought to be the largest waterfall that has ever existed, through the central Columbia
Basin (which is in modern times an arid desert), into Crab Creek,
and rejoined the Columbia at RKM 659 (RM 410.8). After the ice
dam melted about 10,000 years ago, the elevation of Glacial Lake
Columbia dropped and the Columbia River resumed its course
around the Big Bend. This left the Grand Coulee, Dry Falls Basin,
and the remainder of the Central Columbia Basin high and dry,
a hot shrub-steppe (sagebrush) desert with an average rainfall of
6–12 inches per year (Figure 5.11).
The Grand Coulee is a massive trench-like gorge about
1.6–9.6 km (1–6 mi) wide and about 80 km (50 mi) long, with
perpendicular walls 274 m (900 ft) high (Allen et al. 1986). Near
the middle of the gorge the Dry Falls form an escarpment between the upper and lower Grand Coulee that is 107 m (350 ft)
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high (Figure 5.11). During the last Ice Age, a tongue of ice across
the Clark Fork River near where the Clark Fork flows into Pend
Oreille Lake, impounded the Clark Fork River and backed it up
into Montana, forming Glacial Lake Missoula which was about
610 m (2,000 ft) deep and about the size of modern Lake Erie.
Periodically the ice dam failed, and the lake emptied within a few
days time and caused massive floods that created the Channeled
Scablands of eastern Washington. (Read more about this in
Chapter 4 Geology). At that time, the Grand Coulee was full of
water and water 200 ft deep traveling at a speed of 65 mph poured
over the escarpment at Dry Falls, creating the largest water fall in
the history of the world.
The lower Grand Coulee below the Dry Falls contains Park, Blue,
Alkali, Lenore, Soap, and dozens of other remnant lakes. Because
these lakes have been subjected to a desert environment for the past
10,000 years, some of them (notably Soap and Lenore) shrunk in
size. As their waters evaporated, they became more and more concentrated with alkali salts, and their pH became basic (pH > 9.0), too
salty and basic to produce any fishes. However they produce neotenic tiger salamanders Ambystoma tigrinum and many interesting
and unique species of zooplankton in the absence of fish predation.
The Washington Department of Fish and Wildlife (WDFW) has
stocked nonindigenous Lahonton cutthroat trout into Lenore Lake.
These fish come from the Great Basin in Nevada and California and
are adapted to high alkalinity and salt concentrations.
Grand Coulee Dam, constructed between 1933 and 1942 by the
United States Bureau of Reclamation, impounded the Columbia
River and created Lake Franklin D. Roosevelt (Lake Roosevelt),
a smaller version of Glacial Lake Columbia. Grand Coulee Dam
is 1,592 m (5,223 ft) long and 168 m (550 ft) high, taller than the
Great Pyramid at Giza, Egypt. During its construction, the dam
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Figure 5.10

The Grand Coulee. Photo courtesy of EWU John F. Kennedy Library. Special Collections, Hubert Blonk Papers, accession
number SPC 007-0628, item 5-14-36. This desert area is now occupied by Banks Lake.

Figure 5.11

Dry Falls. Photo courtesy of Doglad, © 2008 all rights reserved.

employed about 5,500 workers. Seventy-seven men were killed
during its construction. The reservoir height, when the lake is at
full pool, is at an elevation of 393 m (1,290 ft). Between 1966 and
1974, the dam was expanded to add a third power house. The Dam
is the second largest power generating facility in the United States,
producing about 21 billion KWh annually during the ten year
period 2000 and 2009. Besides power production, the other purposes of the dam were irrigation and flood control. Irrigation was
accomplished by using the old river channel through the Grand
Coulee. This was called ‘The Columbia Basin Project.’ In 1951, the
United States Bureau of Reclamation constructed irrigation diversion dams across the southern and northern margins of the Upper
Grand Coulee, creating Banks Lake. To fill Banks Lake, some of

the power produced by Grand Coulee Dam was used to pump water 85 m (280 ft) uphill from Lake Roosevelt into Banks Lake using twelve 14 ft diameter pipes. Six of these pumps were designed
with pump-storage hydroelectric capability. During low-demand
periods, water is pumped from Lake Roosevelt into Banks Lake,
where it is stored. During high-electrical demand periods, the flow
of water is reversed, powering generators as it falls back into Lake
Roosevelt. This feature is used routinely when irrigation water demand is low and electrical demand is high.
Banks Lake is the main water storage reservoir for the Columbia
Basin Project. The Columbia Basin project currently supplies water to irrigate 2,720 km² (670,000 acres). The Columbia Basin
Project was initially designed to supply water to irrigate 4,500 km²
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(1.1 million acres). However, the combination of escalating costs
to construct irrigation canals and cheap electricity prevented
completion of the job. Instead, farmers dug wells to tap aquifer
water for irrigation and used the cheap power provided by Grand
Coulee Dam to pump it to the surface. During the past 60 years
the water level in many of these basalt aquifers has declined by
over 305 m (1,000 ft) because the irrigators are pumping the water
out of them at rates of 50–60 inches per year, while rain water is
resupplying them at rates of 6–12 inches per year. Many irrigators
have had to dig a succession of deeper wells to reach their water,
which is expensive. Also it costs more for the electricity to run the
pumps. Hence, at the present time, there is renewed interest in
completing the Columbia Basin Project.
The problem with completing the Columbia Basin Project now
is that there are competing interests for the water. Between 2–3%
of the discharge of the Columbia River is currently diverted annually into Banks Lake. This amount of water is equivalent to the
entire annual flow of the Colorado River (Bloodworth and White
2008). If additional water is supplied for irrigation it could conceivably, divert 4–6% of the annual discharge of the Columbia
River. This much water could (1) impact flows that are needed to
speed juvenile salmon (which have been listed as endangered or
threatened under the Endangered Species Act) on their way to
the ocean and (2) increase in-river mortality by subjecting them
to predators for the extra time it would take to flush them downstream at the reduced flow. It could also potentially impact fishes
residing in Lake Roosevelt by reducing lake surface elevations
and water retention time of the reservoir. This could potentially
increase entrainment of fish out of the reservoir over or through

Grand Coulee Dam and interfere with food supplies for fish that
remain in the reservoir.
Water in the Columbia Basin Project travels from Banks Lake
through 533 km (331 mi) of main canals, is stored in several reservoirs (Billy Clapp Lake, Moses Lake, and Potholes Reservoir)
then fed into 2,155 km (1,339 mi) of siphons and lateral irrigation
canals (Figure 5.12) located mostly in Douglas and Grant counties. Some of the water is returned through 5,600 km (3,500 mi)
of drains and wasteways into Potholes Reservoir. From Potholes
Reservoir water flows through the many lakes of the Columbia
Basin National Wildlife Refuge and eventually into lower Crab
Creek, which joins the Columbia River at RKM 657.3 (RM 410.8).
Additionally, some of the water draining out of Potholes
Reservoir is transferred into the south main canal and diverted
into Scooteney Reservoir. This water is used to irrigate croplands
in Adams and Franklin Counties. Some of this water is returned
through a drain that joins the Columbia in the vicinity of Ringold,
Washington (~RKM 557, RM 348).
One interesting aspect about the Columbia Basin Project from
a fisheries perspective is that the pumps in Lake Roosevelt that
transfer water into Banks Lake also transfer live fish from Lake
Roosevelt into Banks Lake. Thirty-nine species of fish commonly
occur in Lake Roosevelt, and any of them could potentially be
pumped into Banks Lake and be distributed throughout the entire Columbia Basin Project area when the water leaves Banks
Lake. Thus, fish like walleye, smallmouth bass, kokanee salmon,
rainbow trout, lake whitefish, and burbot, which are abundant
in Lake Roosevelt, also appear in most reservoirs throughout the
Columbia Basin Project area.

A

Figure 5.12
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(A) Main canal, Columbia Basin Project, before it was filled with water.
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Figure 5.12 continued on next page.
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C

Figure 5.12 (concluded) (B) Siphon connecting Banks Lake to Billy Clapp Lake. (C) Worker standing inside of siphon. Columbia Basin
Project photos courtesy of University of Idaho Library, Moscow, Idaho, Special Collections & Archives, PG 94-4-3732.
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Figure 5.13

The Snake River flowing along the eastern border of the Grand Tetons, Grand Teton National Park, Wyoming, 1942.
Photograph by Ansel Adams, courtesy of National Archives and Records Administration, US-PD.

SNAKE RIVER MAINSTEM
The Snake River mainstem, the largest tributary of the Columbia
River, flows 1,674 km (1,040 mi) between its source in the Grand
Teton Mountains, Wyoming at an elevation of 2,721 m (8,927 ft) MSL
and its confluence with the Columbia at Columbia River (RKM 518.7,
RM 324.2) near the Tri-Cities of Richland, Kennewick, and Pasco,
Washington at an elevation of 109 m (358 ft) MSL. The area of its
drainage basin is 280,000 km² (108,000 sq mi). The average (range)
discharge is 56,900 (18,050–195,000) cfs [1,610 (511–5,500) m³ / s].
There are 15 mainstem dams along the course of the Snake River.
Table 5.2 provides a list and description of each dam.
The Snake River arises on Two Ocean Plateau between
Yellowstone and Grand Teton National Parks. Two Ocean Lake has
two outlets. One, Pacific Creek, forms the headwaters of the Snake
River, which joins the Columbia River, and flows into the Pacific
Ocean. The second, Atlantic Creek, forms the headwaters of the
Yellowstone River, which joins the Missouri and Mississippi Rivers
and flows into the Gulf of Mexico (Atlantic Ocean).
The Snake River flows south along the eastern slopes of the
Grand Teton mountains [maximum elevation 4,197 m (13,770 ft)];
[average elevation 2,100 m (6,800 ft)] through the Jackson Hole
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Valley (Figure 5.13), then turns west cutting through the Tetons
and into eastern Idaho. In the Jackson Hole Valley, the Snake is
joined by the Buffalo Fork and Gros Ventre rivers. In its course due
west across the Snake River Plain, in southern Idaho, it is joined
by the Salt, Henry’s Fork, Portneuf, Raft, Little Wood, Big Wood,
Malad, and Bruneau rivers. The Snake River Plain was created by
a stationary hotspot beneath the earth’s crust that caused a series
of lava flows and volcanic eruptions to occur in southern Idaho
starting about 16 MYBP (during the Miocene Epoch). At that time
the hotspot was in southwestern Idaho. That hotspot migrated
across southern Idaho until about 2.0 MYBP it came to underlie
Yellowstone National Park. It is responsible for Yellowstone’s thermal features (geysers, hot springs, mud pots, and mud volcanoes).
Meanwhile, the Snake River eroded a picturesque gorge that formed
a deep chasm through the lava fields (Figure 5.14). The Oregon Trail
followed the Snake River through southern Idaho. Water from the
Snake River in southern Idaho is used for irrigation and returned
to the river as many as six times. Fertilizer, manure, pesticides, and
herbicides are added each time the water is used for irrigation. This
has greatly increased the nutrient load (nitrogen and phosphorus)
and fecal coliform counts in the river and contributed to algae
blooms in the reservoirs of the Snake River, which deplete oxygen.

Fishes of Eastern Washington: A Natural History

A. T. Scholz

1970
1972
1976
1961
1958
1901
1952
1950
1910
1937
1907
1935
1905
1906

Little Goose Dam

Lower Granite Dam

Hells Canyon Dam

Oxbow Dam

Brownlee Dam

Swan Falls Dam*

C. J. Strike Dam

Bliss Dam

Lower Salmon Falls

Upper Salmon Falls A, B

Shoshone Falls

Twin Falls

Milner Dam

Minidoka Dam

1957
1,582.2

1,429.1

~1,328.0

1,143.5

1,079.2

1,022.6

987.8

983.5

927.4

916.8

906.1

790.4

732.0

456.0

436.8

395.2

173.0

113.0

67.0

15.6

RKM

988.9

893.2

~830.0

714.7

674.5

639.1

617.4

614.7

579.6

573.0

566.3

494.0

457.5

385.0

273.0

247.0

108.1

70.6

41.8

9.8

RM

m

20

92

12

29

26

22

56

65

66

16

21

35

33

120

53

100

30

29

30

30

ft

65

270

40

94

86

73

189

212

217

52

75

115

107

395

175

328

100

98

100

100

1,500

640

346

13

1,600

658

244

274

393

300

187

981

350

421

293

305

975

809

1,155

860

m

4,820

2,100

1,136

43

2,580

2160

800

900

1,290

985

615

3,220

1,150

1,380

960

1,000

3,200

2,655

3,791

2,822

ft

Dam Length

Jackson Lake

Palisades Reservoir

Snake River

American Falls Reservoir

Lake Walcott Reservoir

Milner Lake

Twin Falls Reservoir

Shoshone Falls

Upper Salmon Falls

Lower Salmon Falls

Bliss Reservoir

C. J. Strike Reservoir

Swan Falls Reservoir

Brownlee Reservoir

Oxbow Reservoir

Hells Canyon Reservoir

Lower Granite Lake

Lake Bryan

Lake Herbert G. West

Lake Sacajawia

Reservoir Name

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

Y

Y

Y

Y

Fish Passage

I

I

P, I

I, P, F

I, P

I, P

I

P

P

P

P

P

P

P, I, F

P

P

P, N, I

P, N, I

P, N, I

P, N, I

Purpose

USACE

USACE

USACE

USACE

Owner

USBR

USBR

City of Idaho Falls

USBR, Idaho Power Company

USBR

Milner Dam, Inc.

Idaho Power Company

Idaho Power Company

Idaho Power Company

Idaho Power Company

Idaho Power Company

Idaho Power Company

Idaho Power Company

Idaho Power Company

Idaho Power Company

Idaho Power Company

* Originally equipped with fish passage facilities that were ineffective in passing fish. As a result, C. J. Strike Dam built upriver was constructed without fish passage facilities in 1952.

1916, 1989

Palisades Dam

Jackson Lake Dam

1988

Gem State Dam

1927, 1978

1969

Lower Monumental Dam

America Falls Dam

1976

Year Completed

Dam Height

Dams along the mainstem of the Snake River. Purpose: P= power production, I= irrigation, F= flood control, N= navigation. Fish passage: Y= yes, N= no. USACE = United
States Army Corps of Engineers. USBR = United States Bureau of Reclamation.

Ice Harbor Dam

Dam

Table 5.2
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Figure 5.14

The Snake River Canyon. Photo Courtesy Parente Photographic Arts, © 2010 all rights reserved.

The Snake River had a paleodrainage connection with either the
Sacramento or Klamath Rivers, or possibly both, during the Miocene
and Pliocene. At that time, the Snake River formed a large, deep lake,
called Lake Idaho, in the southwestern corner of Idaho. The lake's
outlet drained to the southwest across southern Oregon or the Great
Basin, eventually connecting with the Sacramento or Klamath Rivers.
Then, about 2.0 MYBP it eroded a channel through Hells Canyon and
became connected to the Columbia River. This emptied Lake Idaho
and created the modern course of the Snake River.
At the end of the Ice Ages, the climate was cooler and wetter than
at present. It created large pluvial lakes south of the ice fields, pluvial Lake Bonneville (Utah) and pluvial Lake Lahontan (Nevada).
About 14,500 years ago pluvial Lake Bonneville (Great Salt Lake
is a remnant) spilled catastrophically down the Portneuf River
into the Snake River in an event called the Bonneville Flood. The
flood discharge was estimated at 150,000 m³ ⁄ sec (5,300,000 cfs).
The raging flood waters eroded soils down to underlying basalt
bedrock, scoured out the 64 m (212 ft) high Shoshone Falls at
Snake RKM 976, which flows over a horseshoe shaped rim 274 m
(900 ft) wide (Figure 5.15). It is called the Niagara Falls of the West.
Shoshone Falls acted as a barrier to the ascent of anadromous salmonids, Pacific lamprey, and white sturgeon further up the Snake
River. It also scoured 24 m (8 ft) high Upper Salmon Falls at Snake
(Figure 5.16) RKM 937, 3 m (10 ft) high Lower Salmon Falls at Snake
RKM 933, and Swan Falls at Snake RKM 682. Chinook salmon and
steelhead migrated to and spawned below each of these falls.
The Lake Bonneville Floods also deposited sediments, composed
mostly of fractured basalt, along the Snake River Plain in southwestern Idaho to a depth of 400 m (1,300 ft), forming one of the most
productive aquifer systems in North America. Many rivers on the
north side of the Snake River sink into the aquifer before reaching
the Snake. When filled the aquifer holds about 100,000,000 acre feet
of ground water that underlies a surface area of about 26,000 km²
(10,000 sq mi). This water flows underground until it emerges as numerous artesian springs along the Snake River in the Hagerman Valley
in southwestern Idaho, flowing at rates of about 17 m³ ⁄ s (600 cfs)
(Figure 5.17). Today, this region is noted for its aquaculture industry because the artesian springs supply numerous fish hatcheries and
ponds for growing trout, sturgeon, and other food fish to market size.
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The Snake River flows north through the Hells Canyon Reach,
and forms the boundary between Idaho and Oregon. Before entering
Hells Canyon, the Snake is joined by the Owyhee and Malheur Rivers
(from the Oregon side) and the Boise, Payette, and Weiser Rivers
(from the Idaho side). Within the Hells Canyon Reach the Snake
is joined by the Burnt, Powder, Imnaha, and Grande Ronde Rivers
(from the Oregon side) and the Salmon River (from the Idaho side).
The Salmon River is a wild and scenic river that arises in the Sawtooth
Mountains and flows in a northwestern direction to its confluence
with the Snake. It is also called the River-of-No-Return on account of
its many turbulent rapids and wild white water stretches.
Hells Canyon, bordered by the Wallowa Mountains (in Oregon)
and the Seven Devils Mountain Range (in Idaho) formed a deep and
spectacular gorge (Figure 5.18). At an elevation difference of 2,436 m
(7,993 ft) between the top of the canyon to the Snake River, it forms
the deepest Canyon in North America. The Snake River through Hells
Canyon flowed over hundreds of rapids and chutes, forming the most
rugged and treacherous reach of the Snake River. Hells Canyon Dam,
at RKM 395.2 (RM 247.0), completed in 1976 is 100 m (328 ft) tall and
not equipped with a fish ladder. It blocked runs of anadromous fishes.
The Grande Ronde River is 341 km (212 mi) long, winding its
way on a meandering course between the Blue Mountains (in
Washington) and Wallowa Mountains (in Oregon). It enters the
Snake River at Snake RKM 270.4 (Snake RM 169). Its principle tributaries include the Wallowa and Wenaha rivers and Catherine Creek.
At Lewiston, Idaho and Clarkston, Washington, the Snake River
is joined at RKM 222.8 (RM 139.3) by the Clearwater River and takes
a jog to the west. The Clearwater is fed by the combined flows of the
North Fork of the Clearwater, Lochsa and Selway Rivers. Dworshak
Dam, constructed on the North Fork of the Clearwater in 1973 is 219 m
(717 ft) high, and stores 2.02 million acre-feet of water in its reservoir.
It is one of the most significant storage reservoirs in the Snake Basin.
From its confluence with the Clearwater, the Snake flows in a
westerly direction through southeastern Washington to its confluence with the Columbia River. In this reach, the Snake is joined by
Asotin Creek and the Tucannon River on the southern (left) bank
and the Palouse River on its northern (right) bank.
Asotin Creek joins the Snake River at RKM 232 (RM 145). It supports
populations of spring Chinook salmon, steelhead trout, and bull trout.
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Figure 5.15

Shoshone Falls, Snake River. Photo courtesy of U. S. Library of Congress, US-PD.

Figure 5.17

Figure 5.16

Upper Salmon Falls. Photo courtesy Aaron Nuffer,
© 2009 all rights reserved.
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Thousand Springs, Hagerman Valley, Idaho.
Numerous artesian springs like these are connected
to an underground aquifer system that flows
through basalt into the Snake River. Photo courtesy
of WaterArchives.org, ID-Q-0007, US-PD.
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Figure 5.18
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Hells Canyon forms the deepest gorge on the North American continent. (A) Landscape view showing the Seven Devils
Mountains, Idaho (on right side of river) and Wallowa Mountains, Oregon (on the left side of the river). (B) Close up view
of Snake River flowing through Hells Canyon. Photos courtesy Bill Caid, © 2009 all rights reserved.
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The Tucannon River is 113 km (70 mi) long and joins the Snake River
at RKM 100 (RM 62.5). Its headwaters are in the Wenaha-Tucannon
Wilderness (Umatilla National Forest) of the Blue Mountains at an elevation of 1,950 m (6,400 ft) MSL. It empties into the Snake River at an elevation of 165 m (540 ft) MSL. The Washington Department of Ecology
has issued state water rights that exceed the mean daily flow of this
river, and there are more applications still pending. The aquifer and the
surface water in this river are connected, so continued pumping of the
aquifer for irrigating croplands will further reduce flow. The principle
tributary is Pataha Creek, which joins the Tucannon at RKM 18 (RM 11).
The lower four Snake River dams, Ice Harbor (RKM 15.6; RM 9.8),
Lower Monumental (RKM 67.0, RM 41.8), Little Goose (RKM 113.0,
RM 70.6), and Lower Granite (RKM 173.0; RM 108.1 dams) were constructed between 1969 and 1976 principally for power production and
navigation. Navigation locks at each of these dams allow much of
the regions wheat crops to be shipped to markets around the world.
Tugboats haul barges filled with wheat and barley to Portland, Oregon
where it is transferred to sea-going vessels. In 1998, 123,000,000 bushels of wheat, and barley were shipped via barge. Prior to construction
of the dams grain had to be shipped by truck and rail, which was
more costly than shipping it by barge. It costs about 15 cents to ship
a bushel of wheat by barge, 18 cents by long haul truck, and 38 cents
by rail. An additional 120,000 rail cars or 700,000 semi trucks would
be needed to ship 123 million bushels of wheat by railroad or truck.
Shipping by barges is much more fuel efficient than shipping by truck
or rail. It takes one gallon of fuel to ship one ton of wheat 524 miles by
barge, 202 miles by rail, and 59 miles by truck. Barges also create less
air pollution than either trains or trucks, with barges producing about
25–33% of the emissions of trains and about 10% of the emissions of
trucks. In addition to highway congestion, created by so many trucks
on the road, taxpayers don't have to pay for the continuous upkeep of
roads that 700,000 semi trucks per year would engender.
The four lower Snake River dams were blamed for the demise of
Snake River anadromous salmonids because a rapid decline in their
abundance followed the completion of these dams. Anadromous salmonids used to migrate from the Salmon and Clearwater Rivers to
the Pacific Ocean in about 30–40 days. After the closure of the dams
the trip took between 50–70 days. The United States Army Corps of
Engineers in cooperation with the National Marine Fisheries Service
devised a plan to collect salmon smolts in juvenile bypass systems
built into each dam and transport them in barges below Bonneville
Dam to speed their migration. Despite this effort, stocks of anadromous salmon continued to decline. Subsequently, the Columbia River
Treaty Tribes (Yakama, Nez Perce, Warm Springs, and Umatilla), the
State of Oregon, and several environmental watchdog groups have
called for the removal of these dams.
A second reason why Snake River salmon may have suffered
declines had little to do with the dams. Instead, they may have
suffered declines related to the productivity of the Pacific Ocean.
Recently, it has come to light that the North Pacific Ocean has
cycles of productivity, called the Pacific Decadal Oscillation (PDO)
that favor Columbia and Fraser Rivers salmon production on the
one hand and Alaskan salmon production on the other.
Pacific Decadal Oscillation cycles (PDO) typically last from
about 20–37 years. At the time the Snake River Dams were completed, in 1978, the cycle shifted to favor salmon production in
Alaska. Thus, it was uncertain if the salmon declines in the Snake
River were associated more with construction of the dams or
with poor ocean productivity. In about 2000, the Pacific Decadal

Oscillation (PDO) cycle shifted to favor Columbia and Fraser River
salmon again and runs of Chinook salmon and Steelhead trout
into the Snake basin have shown marked improvement, producing
some of the largest runs on record.
Never-the-less, the groups advocating dam removal are still
lobbying to breach them. If this happens, transport of wheat by
barge would become impossible. Many of the railroad tracks in
eastern Washington have been abandoned. Rails have been removed and the track beds have been converted into hiking and
biking trails. Thus, wheat would have to be hauled principally by
truck, adding expense and reducing profits of farmers.

COLUMBIA RIVER ESTUARY (RKM 0–85)
An estuary is the region of a river influenced by ocean tides. The
Columbia River Estuary (Figure 5.19) is characterized by salt marshes
and mudflats that are productive environments for producing zooplankton and benthic macroinvertebrates upon which fishes feed. In
the Columbia River, tidal influences extend upstream as far as the
tailrace of Bonneville Dam at RKM 233 (RM 146) (ISAB 2000). At
high tide, tidal currents reverse the flow of the river as far as RKM 85
(RM 53), but intrusion of saltwater usually does not extend past
RKM 37–45 (RM 23–28) (ISAB 2000). During periods of low river
flow (early fall) salt water intrusion usually extends to this range, but
at high river flow (late spring / early summer) salt water intrusion seldom extends beyond Astoria, Oregon (RKM 21.8, RM 13.6). During
the early days of exploration of the Columbia River, sailing ships routinely refilled their kegs of drinking water from the docks in Astoria,
provided their arrival there coincide with the spring freshet.
The point of entry of the Columbia River is characterized by
large waves and strong currents, making it one of the most dangerous inlets in the world to navigate (Figure 5.20). From May–September
wave height averages 1.5 m (5 ft), maximum 4.0 m (13 ft). The tide
height fluctuates about 2.0 m at neap tide and 4.0 m at spring tide.
The width of the Columbia estuary varies from about 2.6–
8.0 km (2–5 mi). A 0.5 mile wide navigation channel is maintained
at a depth of 48–55 ft below mean lower low water (MLLW) by
periodic dredging by the United States Army Corps of Engineers.
Sherwood et al. (1990) estimated that between 1902 and 1989
dredging operations removed about one-third to one-half of the
annual sediments delivered into the estuary by the Columbia River.
In 1870, the Columbia River estuary covered 156,190 acres. In
1983, the surface area of the estuary was reduced to 119,220 acres
(76.3% of the acres in 1870), with salt marshes and tidal swamps
accounting for 30,050 acres (82%) of the 36,790 acres lost (Thomas
1983). Salt marshes and tidal swamps are excellent fish rearing
habitats. Dyking of low elevation wetlands caused most of this loss.
Creation of dredge spoil islands in the estuary by the United States
Army Corps of Engineers also played a lesser role.
Construction of dams along the mainstem of the Columbia and
Snake Rivers has reduced annual discharge to the estuary by 15%.
These dams store water during the spring thaw which has reduced the
spring freshet by 50–55%. They release this water during the fall and
winter, to produce electricity to heat homes, increasing discharge by
+ 35% from October to March. Water evaporates from the reservoirs
during this summer months and additional water is withdrawn from
them for irrigating croplands, which accounts for the reduction of 15%.
Fishes of the Columbia River estuary, from RKM 0–85 were
investigated by Haertal and Osterberg (1967), Sims (1972, 1975),
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FIgure 5.19

Columbia River estuary indicating tidal flats and channels exposed at low tide. Photo courtesy of Walter Siegmund,
CC BY-SA 3.0.

Figure 5.20

A ship entering the mouth of the Columbia River. A combination of large waves, strong currents, and numerous sandbars
makes entry into the Columbia estuary treacherous. Photo courtesy Ed Wrzesien, © 2009 all rights reserved.
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• Moronidae (temperate basses): striped bass Morone saxatilis
(Walbaum 1792);

Johnsen et al. (1973), Durkin (1974, 1982), Dawley et al. (1978,
1981, 1986), NMFS (1981, 1983a, 1983b), Bohn (1983), McCabe et al.
(1983), Bottom et al. (1984, 2005, 2008), Jones and Bottom (1984),
Simenstad et al. (1984), Bottom and Jones (1990), Wydoski and
Whitney (2003), Burke (2005), Roegner et al. (2007), Hayslip et al.
(2007), LCREP (2007), and Leary et al. (2007). Collectively, these
investigators found 82 species, representing 34 families of freshwater and saltwater fishes that occupied the estuary, including:

• Centrarchidae: pumpkinseed, bluegill, warmouth, largemouth
bass, white crappie, black crappie;
• Percidae: yellow perch;
• Embiotocidae (surfperches): redtail surfperch Amphistichus
rhodaterus (Agassiz 1854), shiner perch Cymatogaster aggregata Gibbons 1854, striped seaperch Embiotoca lateralis
Agassiz 1854, spotfish surfperch Hyperprosopon anale
Agassiz 1861, walleye surfperch Hyperprosopon argenteum
Gibbons 1854, silver surfperch Hyperprosopon ellipticum
(Gibbons 1854), white seaperch Phanerodon furatus Girard
1854, pile perch Rhacochilus vacca (Girard 1855);

• Petromyzontidae: river lamprey, Pacific lamprey;
• Squalidae (dogfish sharks): spiny dogfish Squalus acanthias
Linnaeus 1758;
• Rajidae (skates): big skate Raja binoculata Girard 1855;

• Stichaeidae (pricklebacks): snake prickleback Lumpenus sagitta Wilimousky 1956;

• Acipenseridae: green sturgeon Acipenser medirostris Ayres
1854, white sturgeon;

• Pholidae (gunnels): saddleback gunnel Pholis ornate (Girard 1854);

• Clupeidae: American shad, Pacific herring Clupea pallas
Valenciennes 1847;

• Trichodontidae (sandfishes): Pacific sandfish Trichodon
trichodon (Tilesius 1813);

• Engraulidae (anchovies): northern anchovy Engraulis mordax
Girard 1854;

• Ammodytidae (sand lances): Pacific sandlance Ammodytes
hexapterus Pallas 1814;

• Cyprinidae: carp, peamouth, northern pikeminnow;

• Gobiidae (gobies): bay goby Lepidogoblus lepidus Girard 1858;

• Catostomidae: largescale sucker;

• Paralichthyidae (sand flounders): Pacific sanddab
Citharichthys sordidus (Girard 1854), speckled sanddab
Citharichthys stigmaeus Jordan and Gilbert 1882; and

• Cobitidae (loaches): oriental weatherfish Misgurnas anguillicaudatus (Contor 1842);

• Pleuronectidae (righteye flounders): butter sole Isopsetta
isolepis (Lockington 1880), English sole Parophyrs vetulus
(Girard 1854), starry flounder Platichthys stellatus (Pallas
1788), C-O sole Pleuronichthys coenosus Girard 1854, sand
sole Psettichthys melanostictus Girard 1854.

• Ictaluridae: yellow bullhead, brown bullhead;
• Salmonidae: mountain whitefish, cutthroat trout, pink salmon,
chum salmon, coho salmon, steelhead / rainbow trout, sockeye salmon, Chinook salmon, bull trout / Dolly Varden;
• Osmeridae (smelt): whitebait smelt Allosmerus elongatus
(Ayres 1854), surf smelt Hyposmeus pretiosus (Girard 1854),
night smelt Spirinchus starksi (Fisk 1913), longfin smelt
Spirinchus thaleichthys (Ayres 1860), eulachon Thaleichthys
pacificus (Richardson 1836);
• Percopsidae: sandroller;
• Phycidae (hake): Pacific hake Merluccius productus (Ayres 1855);
• Gadidae: Pacific tomcod Microgadus proximus (Girard 1854),
walleye Pollock Theragra chalcogramma, (Pallas 1814);
• Fundulidae: (= Cyprinodontidae): banded killifish;
• Gasterosteidae: threespine stickle back
• Syngnathidae (pipefishes): bay pipefish Syngnathus leptorhynchus Girard 1854;
• Scorpaenidae (scorpionfishes): black rockfish Sebastes melanops Girard 1856;
• Hexagrammidae (greenlings): kelp greenling Hexagrammos
decagrammus (Pallus 1810), white spotted greenling
Hexagrammos otelleri (Tilesius 1810), ling cod Ophiodon
elongatus Girard 1854;
• Cottidae: padded sculpin Artedius fenestralis Jordan and
Gilbert 1883, coastrange sculpin Cottus aleuticus Gilbert
1896, prickly sculpin, buffalo sculpin Enophrys bison
(Girard 1854), red Irish lord Hemilepidotus hemilepidotus
(Tilesius 1811), Pacific staghorn sculpin Leptocottus armatus Girard 1854, Cabezon Scorpaenichthys marmoratus
(Ayres 1854).
• Agonidae (poachers): warty poacher Chesnonia verrucosa
(Lockington 1880), tubenose poacher Pallisina barbata
(Steindachner 1876), pricklebrest poacher Stellerina xyosterna (Jordan and Gilbert 1880);
• Liparidae (snailfishes): slipskin snailfish Liparis fucensis
Gilbert 1896, showy snailfish Libaris pulchellus Ayres 1855,
ringtail snailfish Liparis rutteri (Gilbert and Snyder 1898);

The Columbia River estuary acts as a nursery habitat and stopover where juvenile salmon and steelhead become physiologically
adapted to salt water. Probably at least 100 million, and likely as
many as 200 million, salmon and steelhead smolts pass through
the estuary annually during their migration to the Pacific Ocean.
Adult salmon and steelhead pass through the estuary annually
during their upstream migration to spawn. From 1938–2009, the
minimum run sizes of sexually mature fish entering the Columbia
estuary averaged (ranged) 217,900 (64,900–540,600) spring
Chinook salmon, 74,000 (17,100–207,000) summer Chinook salmon,
483,100 (235,000–1,175,700) fall Chinook salmon, 110,500 (9,200–
335,000) sockeye salmon, 346,300 (21,200–1,574,100) coho salmon,
26,000 (300–425,500) chum salmon, 50,800 (11,400–169,200) winter steelhead, and 272,00 (105,400–689,400) summer steelhead trout
(Table 5.3). These numbers were estimated by ODFW and WDFW biologists based on the number of each species harvested by commercial fisherman and sport anglers between the estuary and headwater
tributaries throughout the Columbia Basin, plus the number of each
species that escaped these fisheries to spawn either naturally in natal
tributaries or artificially at various fish hatcheries.
During the 10-year interval (2000–2009), the minimum
run size of sexually mature fish entering the Columbia estuary averaged (ranged) 314,410 (156,100–540,600) spring Chinook
salmon, 74,000 (44,400–136,900) summer Chinook salmon,
556,700 (219,600–893,100) fall Chinook salmon, 96,800 (26,100–
214,500) sockeye salmon, 562,500 (21,200–1,574,100) coho salmon,
5,400 (1,800–11,400) chum salmon, 20,400 (11,400–40,100) winter steelhead, and 409,600 (316,900–689,400) summer steelhead
(Table 5.3). Thus, most species during the most recent 10 years (2000–
2009) showed improvements when compared to the entire 71-year
A. T. Scholz
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Table 5.3

Minimum number (in thousands) of salmon and steelhead entering the Columbia River, 1938–2009. Data from
WDFW / ODFW (2002) and ODFW / WDFW (2010a, 2010b). n / a = not available. (Page 1 of 2.)

Year

Spring
Chinook

Summer
Chinook

Fall
Chinook

Sockeye
Chinook

Coho
Chinook

Chum
Chinook

Winter
Steelhead

Summer
Steelhead

1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988

118.4
155.5
97.6
129.0
87.9
133.8
78.4
118.8
199.3
251.8
173.3
178.3
146.1
259.0
319.8
342.4
237.4
317.1
297.9
307.8
268.5
198.2
175.2
203.8
255.4
219.0
247.2
241.9
236.1
240.5
199.5
295.0
252.7
266.9
353.3
326.1
224.1
176.1
165.5
239.6
241.8
126.2
143.1
164.6
195.9
159.9
170.7
179.0
224.2
241.8
250.4

122.7
191.8
112.7
106.5
94.8
57.0
67.1
52.6
72.0
86.3
86.9
57.8
69.3
116.4
114.5
95.0
114.8
147.6
195.2
207.0
187.5
169.8
142.6
129.2
108.0
100.0
97.0
82.1
74.8
100.7
89.4
106.2
72.9
89.5
77.5
48.9
34.0
44.4
42.1
41.4
43.6
34.5
31.2
27.1
26.7
23.7
28.7
30.3
31.4
38.3
36.7

582.2
550.3
742.9
1,175.7
979.0
600.9
709.8
711.7
831.9
903.6
899.2
550.5
588.6
385.6
323.0
257.3
231.9
281.5
312.7
276.6
393.2
296.0
246.1
252.3
290.6
265.1
372.2
399.2
347.8
385.0
346.3
471.0
532.2
488.6
338.3
562.1
357.1
525.9
563.7
449.3
395.6
356.2
356.9
349.1
438.3
298.9
413.7
548.0
730.1
956.8
869.1

168.0
124.8
196.0
173.6
94.5
73.4
24.6
10.9
101.1
335.3
143.2
52.6
112.6
203.7
318.9
260.0
180.0
245.0
202.0
147.8
313.3
270.7
179.1
60.2
42.9
79.9
104.9
55.2
174.8
180.2
134.8
75.8
95.4
150.5
123.3
61.3
43.8
58.2
43.7
99.8
18.4
52.6
58.9
56.0
50.2
100.5
161.6
200.4
59.9
145.3
99.6

271.9
184.2
164.4
131.5
83.8
80.9
174.2
204.6
121.5
176.2
134.5
100.7
125.9
112.4
126.3
61.3
37.4
64.3
64.4
55.1
24.2
21.2
47.7
112.4
184.7
161.9
453.9
519.0
785.9
694.2
423.9
463.4
1,079.0
648.7
362.6
422.8
534.0
437.7
384.1
199.0
382.7
330.7
343.0
208.0
518.6
143.4
446.9
435.3
1,574.1
388.7
726.6

157.0
96.3
102.8
340.1
425.5
78.7
22.6
48.3
72.7
40.7
85.6
44.7
58.9
46.1
28.9
22.9
28.5
10.7
4.7
4.2
8.3
5.5
3.0
3.1
5.7
3.0
3.2
1.5
3.1
2.1
0.6
1.1
1.2
1.1
2.4
1.8
1.2
0.8
1.5
0.8
1.9
0.3
0.5
1.5
2.9
0.6
2.3
1.3
3.0
2.5
4.8

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
76.8
49.8
56.0
51.2
54.8
48.4
61.0
56.5
94.4
78.7
79.4
79.9
120.3
133.1
111.5
122.5
66.8
134.5
169.2
113.0
90.9
77.7
62.0
55.4
112.1
77.1
114.1
80.6
67.0
46.0
67.7
94.4
77.3
85.0
91.7
59.3

249.6
232.0
422.8
336.8
297.2
216.0
232.3
268.4
268.0
261.8
240.1
162.5
179.0
244.5
383.1
361.3
289.5
298.8
200.7
229.6
211.2
231.6
199.8
227.9
251.7
228.8
178.6
227.3
208.6
167.3
161.2
191.2
157.0
248.5
257.8
217.0
168.9
105.4
147.8
238.5
154.5
146.3
177.4
217.7
207.9
240.2
388.4
405.3
474.2
364.3
362.8

Table 5.3 continued on next page
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Table 5.3 (concluded) Minimum number (in thousands) of salmon and steelhead entering the Columbia River, 1938–2009. (Page 2 of 2.)
Year

Spring
Chinook

Summer
Chinook

Fall
Chinook

Sockeye
Chinook

Coho
Chinook

Chum
Chinook

Winter
Steelhead

Summer
Steelhead

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

231.9
257.9
201.7
199.0
206.2
83.0
64.9
100.3
161.2
94.1
112.1
274.0
540.6
484.5
406.0
417.2
192.7
223.5
156.1
223.7
222.7

33.1
28.1
22.1
19.2
23.6
19.5
17.1
18.0
29.9
24.1
30.3
44.4
91.3
136.9
83.1
65.4
60.1
76.2
37.2
55.5
53.9

592.5
369.4
332.4
263.4
235.7
295.4
300.1
353.8
352.8
295.6
338.1
325.3
658.7
789.3
893.1
799.0
561.4
442.4
219.6
449.0
429.0

47.4
49.6
76.5
85.0
80.2
12.7
9.2
30.3
46.9
13.2
17.9
93.7
120.4
50.5
39.4
130.0
77.4
37.1
26.1
214.5
179.0

752.4
262.1
957.1
237.0
118.2
178.2
89.5
129.8
157.3
189.8
303.2
628.5
1,108.3
499.9
677.3
442.5
341.0
386.4
331.2
488.4
721.6

2.0
2.9
1.3
4.7
4.5
1.2
1.5
3.3
1.7
1.9
2.4
2.5
5.5
11.9
8.9
11.4
3.4
4.7
2.4
1.8
1.8

68.0
44.7
63.2
55.9
36.4
52.2
20.1
26.5
15.3
23.6
23.3
30.4
40.1
19.1
23.5
29.6
14.7
16.6
15.0
14.0
11.4

327.8
247.4
311.0
372.1
242.8
212.1
247.1
244.0
292.4
216.0
235.8
316.9
689.4
553.1
440.5
427.5
389.9
410.0
385.5
416.5
67.0

Average
(1938-2009)

217.8

74.0

483.1

110.5

346.3

26.0

50.8

272.0

Average
(2000-2009)

314.1

70.4

556.7

96.8

562.5

5.4

21.4

409.6

period of record (1938–2009). Spring Chinook abundance increased
by 100,000, fall Chinook abundance increased by 74,000, coho abundance increased by 210,000, steelhead numbers increased by 150,000.
Only summer Chinook declined by about 4,000 but when compared
to the average for the preceding 20 years (1980–1999) of 26,955, the
summer Chinook run increased by about 43,000 fish. A combination
of factors is responsible for this increase, including:
1.

2.

Various improvements in spawning and rearing habitat
in tributary streams made since 1980 (e.g., screening
of irrigation diversions in tributaries which keeps
juvenile fish in the river instead of distributing them
into agricultural fields where they perish).

channel catfish) predators that are known to congregate
below each dam and prey on downstream migrating
juvenile salmonids. The tradeoff is that in-river migrants
grow during their downstream migration, so predation
on them is reduced by the time they reach the estuary.
3.

Improvements in river discharge during the juvenile
migration season, which increases the speed at which
juveniles migrate through the mainstem reservoirs to
the ocean, thereby decreasing predation on them by
fish and avian predators.

4.

Changes in the cycle of productivity, called the Pacific
Decadal Oscillation (PDO), of the North Pacific
Ocean favoring the survival of salmon and steelhead
from the Columbia and Fraser rivers over these from
Alaskan rivers. Pacific Decadal Oscillation cycles last
from about 20–37 years. The most recent cycle, which
lasted from about 1977–1999 favored production of
Alaskan salmon. Alaskan salmon increased markedly
and Columbia River salmon declined sharply during
this cycle. In 2000 the cycle shifted to favor survival
and production of Columbia River salmon. The fact
that the number of salmon returning to the Columbia
River increased to record levels in such a short time
points to this change in ocean productivity as being
the principle factor causing this increase.

Improvements in juvenile bypass systems made at most
mainstem dams on the Columbia and Snake rivers since
1980, which directs downstream migrating salmon away
from turbines. Some of the fish in the bypass system
are put on barges and transported below Bonneville
Dam while others are simply released below the dam
and allowed to migrate naturally in the river. Barge
transportation reduces in-river mortality but puts fish
below Bonneville Dam at a smaller size so they are likely
subjected to higher levels of predation in the estuary.
Allowing fish to migrate in-river subjects the fish to more
in-river mortality because they must pass through several dams and must pass through a variety of avian and
fish (northern pikeminnow, walleye, smallmouth bass,
A. T. Scholz
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From 2000–2009, angler trips to the Columbia River estuary (Buoy
10) totaled 680,511 and averaged (ranged) 68,055 (32,467–125,892) per
year. During this 10-year interval the number of Chinook salmon
caught totaled 83,311 and averaged (ranged) 8,331 (1,710–19,438) per
year, and the number of coho salmon caught totaled 304,994 and averaged (ranged) 30,494 (5,393–144,744 per year (ODFW / WDFW 2010).
From 1991–1999, anglers harvested a total of 341,700 white
sturgeon and 537 green sturgeon from the Columbia River estuary, and averaged (ranged) 37,967 (22,700–45,100) white sturgeon
and 59 (15–132) green sturgeon per year during this 9-year interval.
From 2000–2009, anglers harvested a total of 279,100 white sturgeon and 410 green sturgeon from the Columbia River estuary, and
averaged (ranged) 27,910 (17,700–41,200) white sturgeon per year
during this 10-year interval, and 31 (7–119) green sturgeon per year
during an eight year interval (2000–2008) when catches of green
sturgeon were stopped (ODFW / WDFW 2010).
From 1990–1999, commercial fishermen caught a total of 75,264
white sturgeon and 10,105 green sturgeon from the Columbia River
estuary, and averaged (ranged) 8,363 (3,800–13,894) white sturgeon
and 1,123 (241–3,186) green sturgeon per year during this 9-year interval (ODFW / WDFW 2010). From 2000–2009, commercial fisherman
caught a total of 84,721 white sturgeon and 1,913 green sturgeon from
the Columbia River estuary, and averaged (ranged) 8,472 (7,737–10,145)
white sturgeon during this 10-year interval, and 273 (16–1,204) green
sturgeon during a 7-year interval from 2000–2007 (ODFW / WDFW
2010). Commercial sale of green sturgeon was prohibited effective 7
July, 2006 in an effort to reduce fishing pressure on them. Green sturgeon commercial catches declined steadily from 1,204 individuals in
2000 to 16 individuals in 2006 (ODFW / WDFW 2010).

COLUMBIA RIVER BELOW
BONNEVILLE DAM (RKM 85–232.8)
Below Bonneville Dam, the Columbia River flows 232.8 km (145.5 mi)
to the Pacific Ocean. Between the point that marks the upper limit
of the estuary (RM 43.2) and Portland, Oregon (RM 105.0) there
are almost as many acres of wetlands, tidal marshes, and swamps
(n = 43,398 acres) as there are in the estuary (n = 46,700 acres)
(ISAB 2000). Upstream from Portland, Oregon and Vancouver,
Washington [RKM 168.0 (RM 105.0)]and below Bonneville Dam
[RKM 232.8 (RM 145.5)] are the most scenic areas of the Columbia
River Gorge where numerous tributaries connect to the Columbia by
passing over high waterfalls that drop over basalt cliffs.
Fish distribution maps in Wydoski and Whitney (2003) indicated that 53 species, representing 19 families occur in the
Columbia River downstream from Bonneville Dam. The fish assemblage was comprised of:
• Petromyzontidae: river lamprey, western brook lamprey,
Pacific lamprey;
• Acipenseridae: green sturgeon Acipenser medirostris (Ayres
1854), white sturgeon;
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• Cobitidae (loaches): oriental weatherfish Misgurnus anguillicaudatus (Contor 1842);
• Ictaluridae: brown bullhead, channel catfish;
• Salmonidae: mountain whitefish, cutthroat trout (coastal variety),
pink salmon, chum salmon, coho salmon, steelhead / rainbow
trout, sockeye salmon, Chinook salmon, bull trout;
• Osmeridae (smelt): longfin smelt Spirinchus thaleichthys
(Ayres 1860), eulachon Thaleichthys pacificus (Richardson
1836) [the eulachon is also known by the common name
candlefish because it has high oil content. Indians would
dry them, then light them up to burn like a candle);
• Poeciliidae: western mosquitofish;
• Fundulidae (=Cyprinodontidae): banded killifish;
• Gasterosteidae: threespine stickleback;
• Percopsidae: sandroller;
• Cottidae: prickly sculpin, torrent sculpin, reticulate sculpin
Cottus perplexus Gilbert and Evermann 1894, Pacific staghorn sculpin Leptocottus armatus Girard 1854;
• Moronidae (= Perichthyidae) (temperate basses): striped
bass Morone saxatilis (Walbaum 1792);
• Centrarchidae: pumpkinseed, bluegill, warmouth, smallmouth bass, largemouth bass, white crappie, black crappie;
• Percidae: yellow perch, walleye;
• Embiotocidae (surf perches): shiner perch Cymatogaster aggregata Gibbons 1854; and
• Pleuronectidae (flounders): starry flounder Platichthys stellatus (Pallus 1788).

Figure 5.21 illustrates only those species that occur in the
Columbia River below Bonneville Dam.
Shreffler et al. (1994) reported that between 1988 and 1991,
George McCabe, NMFS, collected resident fishes in a 7.9 m bottom
trawl in the Columbia River below Bonneville Dam (RKM 46–211).
Eight families, 15 species, were represented in the catch, including:
• Petromyzontidae: river lamprey (n = 2), Pacific Lamprey
(n = 30);
• Acipenseridae: white sturgeon (n = 150);
• Cyprinidae: chiselmouth (n = 1), carp (n = 204), peamouth
(n = 3,743), northern pikeminnow (n = 1,499), leopard dace
(n = 161), redside shiner (n = 10);
• Catostomidae: largescale sucker (n = 1,620);
• Salmonidae: mountain whitefish (n = 3);
• Percopsidae: sandroller (n = 277);
• Centrarchidae: smallmouth bass (n = 1), black crappie (n = 5);
and
• Percidae: yellow perch (n = 1), walleye (n = 8).

Dawley (1996) collected 4,906 total fish, representing 25 species and 11 families of fishes, downstream from Bonneville Dam in
Clark and Skamania counties, including:

• Clupeidae: American shad;

• Clupeidae: American shad (n = 1);

• Cyprinidae: Chiselmouth, goldfish, carp, grass carp, peamouth, northern pikeminnow, longnose dace, leopard
dace, speckled dace, redside shiner;

• Cyprinidae: chiselmouth (n = 18), goldfish (n = 5), carp (n = 111),
peamouth (n = 891), northern pikeminnow (n = 437), unidentified dace (Rhinichthys sp.) (n = 1), redside shiner (n = 38);

• Catostomidae: bridgelip sucker, largescale sucker, mountain
sucker (I have found no evidence that corroborates mountain sucker are present below Bonneville Dam);

• Catostomidae: unidentified sucker (n = 1,236);
• Ictaluridae: unidentified catfish (Ictaluridae sp.), probably
channel catfish (n = 2);
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Figure 5.21

Fish reported to occur in the Columbia River below Bonneville Dam: (A) green sturgeon, (B) oriental weatherfish, (C)
longfin smelt (D) eulachon (candlefish), (E) reticulate sculpin, (F) Pacific staghorn sculpin, (G) striped bass, (H) shiner
perch, and (I) starry flounder.
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• Salmonidae: unidentified whitefish (Prosopium sp.) probably
mountain whitefish (n = 10), coho salmon (n = 125), steelhead / rainbow trout (n = 8), Chinook salmon (n = 626);

• Centrarchidae: smallmouth bass (n = 3), black crappie (n = 1),
unidentified crappie (n = 2);

• Fundulidae: unidentified killifish (Fundulus sp.) probably
banded killifish (n = 14);

• Pleuronectidae: starry flounder (n = 75).

• Gasterosteidae: threespine stickleback (n = 560);
• Cottidae: unidentified sculpin (n = 553);
• Centrarchidae: pumpkinseed (n = 8), bluegill (n = 10), smallmouth bass (n = 108), largemouth bass (n = 10), unidentified crappie (Pomoxis sp.) (n = 97);
• Percidae: yellow perch (n = 25), walleye (n = 12); and
• Pleuronectidae: starry flounder [Platichthys stellatus (Pallus
1778)] (n = 1).

McCabe (1996) collected 989 total fish, representing 18 species
and 12 families, from the Columbia River below Bonneville Dam
RKM 38.4–211.2 (RM 24–132); including:
• Petromyzontidae: Pacific lamprey (n = 1), unidentified lamprey (n = 1);
• Acipenseridae: white sturgeon (n = 167);
• Clupeidae: American shad (n = 98);
• Cyprinidae: peamouth (n = 361), northern pikeminnow
(n = 15), leopard dace (n = 1);
• Catostomidae: largescale sucker (n = 14), unidentified sucker
(n = 1);
• Osmeridae: Eulachon (or candlefish) Thaleichthys pacificus
(Ayres 1866) (n = 32);
• Percopsidae: sandroller (n = 3);
• Gasterosteidae: threespine stickleback (n = 63);
• Cottidae: prickly sculpin (n = 70), unidentified sculpin
(n = 141);
• Centrarchidae: black crappie (n = 3), unidentified centrarchidae (n = 1);

Fall salmon angler trips in the lower Columbia River averaged (ranged) 40,974 (20,909–64,911) between 1980 and 1989,
54,197 (27,678–70,762) between 1990 and 1999, and 94,387 (79,793–
117,975) between 2000 and 2009 (ODFW / WDFW 2010). Chinook
harvested by anglers averaged (ranged) 4,090 (813–7,481) between
1980 and 1989, 5,668 (266–9,772) between 1990 and 1999, and
15,481 (8,723–26,660) between 2000 and 2009 (ODFW / WDFW 2010).
Coho salmon harvested by anglers averaged (ranged) 1,934 (166–
4,530) between 1980 and 1989, 1,474 (284–3,270) between 1990 and
1999, and 2,273 (607–4,049) between 2000 and 2009 (ODFW / WDFW
2010). Steelhead trout kept and released by anglers averaged (ranged)
1,950 (0–3,905) kept and 500 (0–1,188) released between 1980 and
1989; 4,040 (2,503–6,443) kept and 748 (386–1,282) released between 1990–1999; and 4,181 (2,591–7,325) kept and 1,923 (1,006–
4,380) released between 2000–2009 (ODFW / WDFW 2010).

COLUMBIA RIVER MAINSTEM RESERVOIRS
Fourteen dams have been erected across the Columbia River, 11 in
the United States and 3 in British Columbia. From the dam closest
to the ocean to the dam farther inland, these include: Bonneville,
The Dalles, John Day, McNary, Priest Rapids, Wanapum, Rock
Island, Rocky Reach, Wells, Chief Joseph, and Grand Coulee
dams in the United States and Hugh Keenleyside (Arrow Lake),
Revelstoke, and Mica dams in British Columbia. Grand Coulee,
Hugh Keenleyside, Revelstoke, and Mica dams are storage dams,
the others are termed run-of-the-river dams because their reservoirs have little storage capacity.

Bonneville Reservoir (Bonneville Pool)
(RKM 232.8–306.7)

• Percidae: yellow perch (n = 1); and
• Pleuronectidae: starry flounder (n = 16).

Loch and Bonar (1999) reported the presence of grass carp in
the Columbia River below Bonneville Dam.
Ward (2001, 2003, 2004) described trawling operations conducted
below Bonneville Dam in 1999, 2000, and 2002 to collect white sturgeon for transplanting into Bonneville, the Dalles, and John Day reservoirs. Besides capturing sturgeon, a considerable amount of bycatch
was captured during these operations. A total of 28,000 fish were caught,
comprised of at least 24 species, representing 12 families, including:
• Acipenseridae: white sturgeon (n = 14,084);
• Clupeidae: American shad (n = 3,787);
• Cyprinidae: chiselmouth (n = 3), goldfish (n = 1), carp (n = 1),
peamouth (n = 5,053), northern pikeminnow (n = 907),
leopard dace (n = 167), redside shiner (n = 16);
• Catostomidae: largescale sucker (n = 2,135);
• Ictaluridae: brown bullhead (n = 1), unidentified catfish (n = 3);
• Salmonidae: mountain whitefish (n = 2), Chinook salmon (n = 1);
• Percopsidae: sandroller (n = 1,313);
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• Percidae: yellow perch (n = 5), walleye (n = 5); and

Bonneville Reservoir is 75 km (46.2 mi) long between Bonneville
(Columbia River Mile RM 145.5) (Figure 5.22) and The Dalles
(RM 191.7) dams. Bathymetry and physical (morphometric)
characteristics of Bonneville Reservoir are recorded in Table 5.4.
Bonneville Reservoir is a run-of-the-river reservoir with short
water retention times (averaging approximately 1.5 days). Water
retention time is the time it takes for a particle of water to drift
downstream with the current from the head of the reservoir to the
spillway of the dam.
The primary Washington tributaries of Bonneville Reservoir
are the Wind, White Salmon, Little White Salmon, and Klickitat
rivers and Rock Creek. The Hood River enters from the Oregon
side. Bonneville Reservoir is in the Columbia River Gorge. During
the summer prevailing winds blow from the west at velocities of
32–48 km / h for days on end, providing ideal conditions for wind
surfing (Figure 5.23).
At least 41 species of fish, representing 13 families have been
documented to occur in Bonneville Reservoir, including:

• Gasterosteidae: threespine stickleback (n = 2);

• Petromyzontidae: river lamprey, Pacific lamprey;

• Cottidae: prickly sculpin (n = 159), unidentified sculpin
(n = 372);

• Acipenseridae: white sturgeon;
• Clupeidae: American shad;
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Figure 5.22

Bonneville Dam (A) main spillway, photo courtesy of Walter Sigmund CC-BY-SA 3.0. (B) Arial view showing the two powerhouses, main spillway (center, whitewater), and navigation lock (right side). Photo courtesy of U. S. Bureau of Reclamation.
Table 5.4

B

Bathymetry and physical characteristics for
Bonneville Reservoir (Lake Bonneville), Columbia
River RM 194.1. NFP = normal full pool.

Parameter
Surface elevation (altitude)
Reservoir length
Shoreline perimeter
Average width
Maximum width
Surface area
Mean depth
Maximum depth
Reservoir volume @ NFP

• Ictaluridae: black bullhead, brown bullhead, channel catfish;
• Salmonidae: mountain whitefish, cutthroat trout, pink salmon,
chum salmon, coho salmon, steelhead / rainbow trout,
sockeye salmon, Chinook salmon, bull trout;

English Units

24.4 m
77.0 km
208.0 km
1.36 km
1.94 km
8,400 hectares
8.3 m
34.4 m
662,389,500 m³

80.0 ft
48.0 mi
130.0 mi
0.85 mi
1.22 mi
20,600 acres
27.1 ft
113 ft
537,000 acre-ft

largemouth bass, white crappie, black crappie; and

• Cyprinidae: chiselmouth, goldfish, carp, grass carp, peamouth,
northern pikeminnow, speckled dace, redside, shiner;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker, mountain sucker;

Metric Units

• Percidae: yellow perch, walleye.

Distribution maps in Wydoski and Whitney (2003) documented the presence of 39 species, representing 12 families, of
fishes, as occurring in Bonneville Reservoir, including:
• Petromyzontidae: river lamprey, western brook lamprey (I have
found no supporting documentation that western brook
lamprey occurs in Bonneville Reservoir), Pacific lamprey;

• Percopsidae: sandroller;
• Fundulidae: banded killifish;

• Acipenseridae: white sturgeon;

• Gasterosteidae: threespine stickleback;

• Clupeidae: American shad;

• Cottidae: prickly sculpin, mottled sculpin;

• Cyprinidae: chiselmouth, carp, grass carp, peamouth,

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
A. T. Scholz
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Figure 5.23

Windsurfing in Columbia River Gorge (Bonneville Pool). Photo courtesy of Mike Rodriquez CC BY-NC-SA 2.0.

northern pikeminnow, longnose dace (I have found
no corroborating evidence that longnose dace occur in
Bonneville Reservoir, although they are known to occur
in reservoirs above Bonneville Dam and in the Columbia
River below Bonneville Dam), leopard dace, speckled
dace, redside shiner;
• Catostomidae: bridgelip sucker, largescale sucker, mountain
sucker
• Ictaluridae: black bullhead, brown bullhead, channel catfish;
• Salmonidae: mountain whitefish, cutthroat trout (coastal
variety), coho salmon, steelhead trout, sockeye salmon,
Chinook salmon, bull trout;
• Percopsidae: sandroller;
• Gasterosteidae: threespine stickleback;

• Percidae: yellow perch, walleye.

In addition to the millions of juvenile Chinook, coho, sockeye
salmon, and steelhead trout collected in the juvenile bypass system
at Bonneville Dam, a total of 14,135, 318 other fishes were captured
from March 1997 to December 2010 (Fish Passage Center: http://fpc.
org, queried on 1 March 2011). This included Bonneville Powerhouse
2 for the entire period and Bonneville Power house 1 data for 1999.
Twelve families and 36 species were represented in the incidental catch,
including:

• Cottidae: prickly sculpin, torrent sculpin;

• Petromyzontidae: 0.1% lamprey (n = 12,982) Nearly all were
Pacific lamprey;

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and

• Acipenseridae: < 0.1% white sturgeon (n = 13);

• Percidae: yellow perch, walleye.

• Cyprinidae: 0.1% chiselmouth (n = 13), < 0.1% carp (n = 2,213), 0.1%
peamouth (n = 7,746), 0.3% northern pikeminnow (n = 1,182),
0.3% redside shiner (n = 56), < 0.1% speckled dace (n = 4);

Hjort et al. (1981) sampled fishes in Bonneville Reservoir by
beach seining, gill netting, and electrofishing in 1980 and 1981.
Eight Families and 17 species were caught, including:

• Clupeidae: 99.7% American shad (n = 14,086,637);

• Catostomidae: < 0.1% bridgelip sucker (n = 1), < 0.1% largescale sucker (n = 9), < 0.1% mountain sucker (n = 2), < 0.1%
unidentified sucker (n = 130);

• Acipenseridae: white sturgeon;

• Ictaluridae: < 0.1% unidentified bullhead (n = 10);

• Clupeidae: American shad;

• Salmonidae: < 0.1% lake whitefish (n = 3), < 0.1% mountain
whitefish (n = 176), < 0.1% cutthroat trout (n = 54), < 0.1%
coho salmon (n = 2), 1.2% rainbow trout (n = 8,774), 0.1%
steelhead trout (n = 644), < 0.1% Chinook salmon (n = 50),
0.1% Atlantic salmon (n = 32), < 0.1% brown trout (n = 13),
< 0.1% bull trout (n = 76), < 0.1% brook trout (n = 1);

• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, redside, shiner;
• Catostomidae: bridgelip sucker, largescale sucker;
• Salmonidae: mountain whitefish, Chinook salmon;
• Cottidae: prickly sculpin;
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• Centrarchidae: smallmouth bass, largemouth bass, black crappie; and

• Gasterosteidae: 96.0% threespine stickleback (n = 663,743);
Fishes of Eastern Washington: A Natural History

Columbia River Basin Hydrology and Fish Distribution in Eastern Washington

The Dalles Reservoir (Lake Celilo)
(RKM 306.7–345.0)

• Cottidae: < 0.1% unidentified sculpin (n = 152);
• Centrarchidae: < 0.1% pumpkinseed and bluegill (n = 245),
< 0.1% largemouth bass (n = 5), smallmouth and largemouth bass (n = 24), < 0.1% unidentified crappie (n = 3);
• Percidae: < 0.1% yellow perch (n = 5), < 0.1% walleye (n = 10); and
   

• Other fish: (n = 456) The only species of other fish identified
were the 32 previously noted Atlantic salmon collected in
May 1998 and May 1999.

Counts of anadromous fish migrating up the fish ladders at
Bonneville Dam are shown in Table 5.5. Fish counts at Bonneville
Dam averaged 435,210 Chinook salmon, 47,719 coho salmon,
87,788 sockeye salmon, 223,992 steelhead trout, 44 pink salmon,
555 chum salmon, 978,433 American shad, and 85,101 Pacific lamprey per year over a 72-year period of record (1938–2010) (Table
5.5). Fish counts at Bonneville Dam increased during the past 10
years (2001–2010) coinciding with a cycle of better ocean productivity and survival of anadromous fishes from the Columbia
Basin. During this 10-year interval counts at Bonneville Dam
averaged 935,538 Chinook salmon, 141,689 coho salmon, 123,949
sockeye salmon, 516,154 steelhead trout, 93 pink salmon, 3,297,544
American shad, and 46,148 Pacific lamprey per year (Table 5.5).
Thus, counts improved by 500,328 Chinook, 94,512 coho, 36,151
sockeye, 292,162 steelhead trout, 49 pink, and 2,319,111 American
shad. Only chum salmon (n = 411) and Pacific lamprey (n = 38,953)
declined in numbers during the most recent 10-years compared to
over the entire period of record.
Current counts of Pacific lamprey (average count = 46,148
during the 10-year interval 2000–2009) are much lower than
historical counts of Pacific lamprey which routinely exceeded
100,000 in the 1960s and peaked at 370,000 individuals in 1969
(Starke and Dalen 1995; Close et al. 1995, 2002; Moser and Close
2003; Moser et al. 2005). Moser et al. (2002a, 2002b) implanted
radio transmitters in Pacific lamprey captured at Bonneville Dam.
They then displaced these fish downstream of the fish ladder at
Bonneville Dam, and found that 90% of them were able to relocate and enter the ladder entrance. However, fewer than 50% of
them successfully negotiated the ladder and passed the exit on
the upstream side of the dam. Many lamprey became physiologically stressed by exhaustive exercise while attempting fish ladder
passage (Mesa et al. 2003).
White sturgeon spawning and rearing habitat in Bonneville
pool was described by Parsely et al. (1993) and Parsley and Beckman
(1994). The numbers of white sturgeon harvested in Bonneville
Pool between 1995 and 2000 ranged from 1,000–1,850 by Treaty
Indians and from 1,240–1,630 by sport anglers (ODFW / WDFW
2002). The white sturgeon population in Bonneville Reservoir
numbered about 17,900 individuals in 1987 and 46,500 individuals
in 1997 (Kern et al. 2001). Population abundance of white sturgeon
61–183 cm TL, in Bonneville Reservoir was estimated at 51,400 in
1989, 52,000 in 1994, and 128,400 in 1999 (Ward 2004). The higher
population level in 1997 and 1999 reflected the transfer of white
sturgeon from below Bonneville Dam into Bonneville Reservoir to
make up for the fact that white sturgeon do not successfully naturally reproduce in Bonneville Reservoir every year.
Bull trout are frequently observed in the Hood River, and one fish
marked in the Hood River was recaptured in the Columbia mainstem
(in Bonneville Reservoir) about 11 km (6.8 mi) downstream from the
confluence of the Hood and Columbia rivers (Buchanon et al. 1997).

The Dalles Reservoir is 23.9 miles long between The Dalles
(Columbia River Mile RM 191.7) (Figure 5.24) and John Day
(RM 215.6) dams. Construction of The Dalles Reservoir inundated
Celilo Falls in 1957. Bathymetry and physical (morphometric)
characteristics of The Dalles Reservoir are recorded in Table 5.6.
The Dalles Reservoir is classified as a run-of-the-river reservoir
with short water retention, averaging about one day.
In 2000, 3.2 million tons of cargo, primarily petroleum products,
were transported upstream from Portland, Oregon through The Dalles
Reservoir in 300 barges (Draheim et al. 2007). Additionally, the United
States Navy transported about 4–8 barges of radioactive material upriver annually from the U. S. Naval Base at Bremerton, Washington to
the Hanford site where it was stored (Draheim et al. 2007). In 2000,
7.4 million tons of cargo, primarily wheat and barley, were transported
downstream through The Dalles Dam from grain elevators between
Lewiston, Idaho and The Dalles, Oregon. A number of nonindigenous
organisms are transported in the ballast of these barges, including two
estuarine amphipods Corophium salmonis and Corophium spinicorne,
and the estuarine mysid shrimp Neomysis mercedis. All these species
established naturally reproducing populations in Bonneville, The
Dalles, John Day, and McNary reservoirs on the Columbia River and
the four reservoirs (Ice Harbor, Lower Monumental, Little Goose, and
Lower Granite) on the Snake River (Draheim et al. 2007).
Banded killifish were first reported in tributaries of the
Willamette River in the mid 1980s (Farr and Ward 1993). By 1989,
they were found in the Kalama River, Washington (Wydoski and
Whitney 2005). By 2003, they were distributed in all the reservoirs
of the Columbia and Snake rivers between Bonneville and Lower
Granite dams. It is thought this diminutive fish was also transported upstream in ballast water (Scholz and McLellan 2010).
Grass carp Ctenopharyngodon idella, used to control nuisance
macrophytes in Silver Lake, Cowlitz County, escaped from the lake
during a flood event that flushed them into the Columbia River
in 1996. Once in the Columbia, they moved upstream through
the four lower Columbia River dams and Snake River dams by
1997 (Loch and Bonar 1999). Mosquito fish stocked into ponds to
control mosquitoes in the Yakima (Benton, Yakima counties) and
Walla Walla (Walla Walla County) drainages escaped their confinement and migrated down the Yakima and Walla Walla rivers
into McNary Reservoir. Small numbers of mosquito fish have occasionally been recorded in the Dalles Reservoir.
Fishes known to occur in The Dalles Reservoir represent 14
families and 40 species, including:

A. T. Scholz

• Petromyzontidae: river lamprey, Pacific lamprey;
• Acipenseridae: white sturgeon;
• Clupeidae: American shad;
• Cyprinidae: chiselmouth, carp, grass carp, peamouth, northern pikeminnow, longnose dace, leopard dace, speckled
dace, redside shiner;
• Catostomidae: bridgelip sucker, largescale sucker;
• Ictaluridae: yellow bullhead, brown bullhead, channel catfish;
• Salmonidae: mountain whitefish, pink salmon, chum salmon,
coho salmon, steelhead / rainbow trout, sockeye salmon,
Chinook salmon, bull trout;
• Percopsidae: sandroller;
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Table 5.5

Year
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

Counts of anadromous fish migrating up the fish ladders at Bonneville Dam, 1938–2010. Also shown are the average annual count over the period of record (1938–2010) and the most recent 10-year interval (2001–2010). n / a=not available.
Data from Columbia River Fish Passage Center. http://www.fpc.org/adultsalmon_home.html. (Page 1 of 2.)
Chinook
Total

Spring
Chinook

Summer
Chinook

Fall
Chinook

Coho

Sockeye

Steelhead

Pink

Chum

American
Shad

Pacific
Lamprey

271,900
286,200
391,600
461,400
401,900
313,100
240,800
297,500
446,000
480,500
419,500
277,700
357,400
331,800
420,900
332,500
321,000
359,800
300,900
403,200
426,400
345,000
256,100
282,000
286,600
278,600
344,400
318,000
340,100
366,200
341,300
507,600
384,780
405,702
394,456
398,635
366,759
425,566
507,773
366,657
338,590
276,292
245,518
285,650
322,809
244,476
323,346
458,606
571,189
547,459

22,400
76,700
66,400
72,300
40,500
65,500
30,900
43,500
67,500
133,600
41,700
50,100
57,300
114,900
116,200
170,300
134,800
171,600
63,400
136,400
75,200
61,100
69,600
98,700
91,100
75,500
91,400
84,300
112,700
84,900
99,200
173,600
110,976
125,517
186,140
142,148
134,535
104,104
113,448
119,508
149,863
51,462
60,987
65,009
76,044
56,838
51,142
90,964
123,334
101,807

14,800
23,400
22,000
16,400
24,600
13,500
12,600
27,600
51,200
38,900
67,200
46,700
49,600
79,300
84,300
57,800
79,400
82,900
101,200
135,000
101,900
89,000
85,200
66,500
77,500
64,000
80,500
76,000
72,000
95,700
82,900
102,200
64,902
77,911
70,830
45,360
45,896
44,351
69,013
41,023
44,323
34,217
31,065
26,929
26,614
23,458
28,448
29,353
31,120
37,707

234,700
186,100
303,200
372,700
336,800
234,100
197,300
226,400
327,300
308,000
310,600
180,900
250,500
137,600
220,400
104,400
106,800
105,300
136,300
131,800
249,300
194,900
101,300
116,800
118,000
139,100
172,500
157,700
155,400
185,600
159,200
231,800
208,902
202,274
137,486
211,127
186,328
277,111
325,312
206,126
200,404
190,613
153,466
193,712
220,151
164,180
243,756
338,289
416,735
407,927

15,200
14,400
11,900
17,900
12,400
2,500
4,200
790
3,900
11,200
4,100
1,000
10,200
5,200
7,800
13,000
4,100
3,700
6,100
4,700
3,700
2,700
3,268
3,456
14,788
12,658
53,602
76,000
71,891
96,488
63,488
49,378
80,116
75,989
65,932
54,609
60,955
58,307
53,150
19,408
52,590
42,328
22,052
30,510
73,832
15,178
29,332
56,699
130,786
27,634

75,040
73,382
148,807
65,741
55,464
39,845
15,072
9,501
74,376
171,139
131,541
51,444
77,993
169,428
184,645
235,215
130,107
237,748
156,418
82,915
122,389
86,560
59,713
17,111
28,179
60,319
99,856
55,125
156,661
144,158
108,207
59,636
70,762
87,447
56,323
58,979
43,837
58,212
43,611
99,829
18,436
52,627
58,882
56,037
50,219
100,542
152,540
165,933
58,099
116,956

107,003
122,032
185,174
118,089
151,800
92,133
100,518
120,133
142,807
135,444
139,062
119,285
114,087
140,689
260,990
223,914
176,260
198,411
131,116
139,183
131,437
129,026
113,676
139,719
164,025
129,418
117,252
166,453
143,661
121,872
106,974
140,782
113,510
193,966
185,886
157,823
137,054
85,540
124,177
193,437
104,431
114,010
129,254
159,270
157,640
218,419
315,795
330,170
376,752
300,351

0
0
0
4
11
0
1
1
2
3
2
6
8
7
9
10
4
9
4
12
6
22
0
12
27
34
45
64
58
50
21
86
150
176
51
12
2
309
2
0
0
23
0
20
0
52
8
147
23
20

2,117
1,168
1,729
5,269
1,865
788
954
728
1,178
199
3,636
2,028
1,069
1,044
1,505
1,728
1,569
318
693
569
455
906
1,026
896
1,013
739
632
496
872
352
79
143
209
29
1
43
23
11
11
17
28
1
44
4
12
50
64
97
77
147

5,273
4,803
22,230
18,657
12,859
2,848
17,103
94,526
20,383
26,041
8,422
22,579
7,816
8,353
3,131
16,430
5,029
5,808
8,085
13,159
10,201
6,720
93,368
265,697
435,988
389,772
252,674
617,323
557,513
222,460
294,078
317,358
329,276
189,597
214,725
519,207
98,945
264,246
305,219
495,723
861,166
1,039,857
939,390
881,179
780,212
1,419,989
1,275,789
974,951
858,170
943,875

n/a
227,122
156,102
64,954
52,361
51,096
36,209
36,488
74,825
94,326
143,815
57,928
32,693
45,110
26,203
47,129
40,986
42,603
49,911
53,031
98,419
215,083
177,898
364,805
101,426
87,937
104,337
108,987
67,914
66,171
109,029
379,509
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

Table 5.5 continued on next page
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Table 5.5 (concluded) Counts of anadromous fish migrating up the fish ladders at Bonneville Dam, 1938–2010. (Page 2 of 2.)
Year

Chinook
Total

Spring
Chinook

Summer
Chinook

Fall
Chinook

Coho

Sockeye

Steelhead

Pink

Chum

American
Shad

Pacific
Lamprey

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

494,028
416,080
340,798
274,644
256,299
277,657
243,450
240,050
296,635
387,088
280,944
343,176
491,928
971,331
925,452
992,498
905,964
600,301
525,948
632,415
1,033,471

94,746
87,259
96,104
61,235
90,582
112,172
20,566
12,563
56,180
114,963
39,117
47,360
199,561
405,539
275,290
206,268
179,037
78,326
99,364
84,342

36,524
32,971
28,021
21,953
19,245
23,616
19,531
17,073
17,994
29,865
24,111
30,191
44,170
90,879
135,388
128,166
105,032
83,703
101,874
60,951

362,758
295,850
216,673
191,456
146,472
141,869
203,353
210,414
222,461
242,260
217,716
265,625
248,197
474,913
514,774
655,064
621,895
438,272
324,710
212,082

39,617
39,243
24,764
65,508
18,126
11,747
22,794
12,036
18,747
27,267
49,920
45,152
97,127
266,536
95,289
133,870
119,849
88,807
109,007
96,058

79,721
41,884
49,581
76,482
84,992
80,178
12,678
8,774
30,252
47,008
13,218
17,875
93,398
114,934
49,610
39,291
123,291
72,971
37,066
24,376

279,277
287,802
183,011
274,535
314,974
188,386
191,152
202,448
222,588
291,965
220,795
261,552
351,493
783,046
624,248
473,759
408,664
403,615
417,140
401,884

6
12
0
550
20
13
0
35
159
2
13
28
0
-4
0
637
1
17
6
27

60
16
26
5
37
11
22
26
25
15
0
43
38
58
72
326
77
128
121
95

1,164,320
1,877,404
2,947,865
1,914,417
2,551,439
1,993,504
1,557,555
1,716,206
1,923,143
2,171,561
1,891,086
1,638,281
1,244,317
2,297,959
3,164,556
4,558,550
5,355,677
4,242,129
3,965,254
2,575,277

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
20,891
37,515
37,296
19,002
27,947
100,476
117,029
61,780
26,664
38,938
19,313

2009
2010

1,218,849
1,549,148

143,097
181,156
256,996

89,892
119,352
113,207

354,300
398,485
531,864

145,913
234,347
127,216

213,607
177,823
386,525

461,279
775,184
412,721

60
95
n/a

66
86
n/a

2,144,756
1,373,738
n/a

14,562
8,622
n/a

Total

31,770,317 7,598,949 4,168,029

18,168,162

3,444,054 6,408,541

16,351,428

10 yr.
total

9,355,377

4,526,359

1,416,892 1,239,494

5,161,540

839

1,029

29,677,896

415,331

Mean

435,210

104,095

57,096

248,879

47,179

87,788

223,992

44

555

978,433

85,101

10 yr.
Mean

935,538

190,942

102,844

452,636

141,689

123,949

516,154

93

114

3,297,544

46,148

1,909,415 1,028,444

3,190 39,984 70,447,197

3,744,442

• Family Poeciliidae: western mosquitofish;

• Ictaluridae: yellow bullhead, brown bullhead, channel catfish;

• Fundulidae: banded killifish;

• Salmonidae: mountain whitefish, coho salmon, steelhead / rainbow trout, sockeye salmon, Chinook salmon, bull trout;

• Gasterosteidae: threespine stickleback;
• Cottidae: prickly sculpin, torrent sculpin;

• Percopsidae: sandroller;

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and

• Family Poeciliidae: western mosquitofish;
• Fundulidae: banded killifish;

• Percidae: yellow perch, walleye.

• Gasterosteidae: threespine stickleback;
• Cottidae: prickly sculpin, torrent sculpin;

Fish distribution maps in Wydoski and Whitney (2003) indicated that 40 species, representing 14 families of fishes, occurred in
The Dalles Reservoir, including:
• Petromyzontidae: river lamprey, western brook lamprey (I
have found no corroborating evidence that western brook
lamprey occur in the Dalles Reservoir), Pacific lamprey;
• Acipenseridae: white sturgeon;

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch, walleye.

Johnsen (1999) collected 3,794 total fish representing 27 species
and 12 families of fishes in the north shore fishway at The Dalles
Dam in 1999, including:

• Clupeidae: American shad;

• Acipenseridae: white sturgeon (n = 1);

• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, longnose dace, leopard dace, speckled dace, redside
shiner;

• Petromyzontidae: Pacific lamprey (n = 26);
• Clupeidae: American shad (n = 1,966);
• Cyprinidae: chiselmouth (n = 1), carp (n = not specified), peamouth (n = 61), northern pikeminnow (n = 10), unidentified dace (n = 1), redside shiner (n = not specified);

• Catostomidae: bridgelip sucker, largescale sucker, mountain
sucker (I have found no corroborating evidence of the
presence of mountain sucker in The Dalles Reservoir);
A. T. Scholz
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A

Figure 5.24

(A) The Dalles Dam (Mt. Hood on the horizon) and (B) Lake Celilo, photos courtesy of U. S. Army Corps of Engineers, US-PD.
Table 5.6

B

Bathymetry and physical characteristics for the
Dalles Reservoir (Lake Celilo), Lake Roosevelt
RM 215.5. NFP = normal full pool.

Parameter

Metric Units

English Units

Surface elevation (altitude)

48.8 m

160.0 ft

Reservoir length

39.0 km

24.0 km

Shoreline perimeter

88.0 km

55.0 mi

Average width

1.14 km

0.88 mi

Maximum width

1.56 km

0.98 mi

Surface area

4,500 hectares

9,400 acres

Mean depth

7.5 m

24.6 ft

Maximum depth

8.8 m

29.0 ft

410,755,500 m³

333,000 acre-ft

Reservoir volume @ NFP
• Catostomidae: unidentified sucker (n = 405);
• Ictaluridae: brown bullhead (n = not specified), channel catfish (n = 11);
• Salmonidae: mountain whitefish (n = 9), coho salmon (n = 9),
steelhead / rainbow trout (n = 84), sockeye salmon (n = 16),
Chinook salmon (n = 1,004);

• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, longnose dace, redside shiner;

• Percopsidae: sandroller (n = 2);

• Catostomidae: bridgelip sucker, largescale sucker;

• Gasterosteidae: threespine stickleback (n = 1);

• Ictaluridae: channel catfish;

• Cottidae: unidentified sculpin (n = 9);

• Salmonidae: rainbow trout, Chinook salmon;

• Centrarchidae: pumpkinseed (n = not specified), bluegill (n = not
specified), smallmouth bass (n = 175), largemouth bass (n = not
specified), unidentified crappie (n = not specified); and

• Cottidae: prickly sculpin;

• Percidae: yellow perch (n = not specified), walleye (n = 2).
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Hjort et al. (1981) sampled fishes in The Dalles Reservoir by
beach seining, gill netting and electrofishing in 1980 and 1981.
Seven families and 16 species were caught, including:

• Centrarchidae: smallmouth bass, black crappie; and
• Percidae: yellow perch, walleye.

Fishes of Eastern Washington: A Natural History
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During index netting for white sturgeon in The Dalles Reservoir
between 1997 and 2002, Ward (2000, 2001, 2003, 2004) captured
4,163 total fish, representing 17 species and 8 families, comprised of:
• Acipenseridae: white sturgeon (n = 1,751);
• Clupeidae: American shad (n = 104);
• Cyprinidae: chiselmouth (n = 41), carp (n = 1), peamouth
(n = 491), northern pikeminnow (n = 932);
• Catostomidae: bridgelip sucker (n = 123), largescale sucker
(n = 389);
• Ictaluridae: channel catfish (n = 22);
• Salmonidae: mountain whitefish (n = 3), coho salmon (n = 1),
steelhead / rainbow trout (n = 3), Chinook salmon (n = 3);
• Centrarchidae: smallmouth bass (n = 4), unidentified crappie
(n = 3); and
• Percidae: yellow perch (n = 1,979), walleye (n = 79).

Gadomski and Barfoot (1998) sampled planktonic larval fishes
in the main-channel and backwaters of The Dalles Reservoir in 1993.
Samples were collected weekly from June–August using two ichthyoplankton bongo nets 2.5 m long × 0.5 m in diameter (500 μm mesh)
during the day and at night. Fishes collected in the mainstem included:
• Petromyzontidae: unidentified lamprey (n = 3);
• Acipenseridae: white sturgeon (n = 3);
• Clupeidae: American shad (n = 569);
• Cyprinidae: carp (n = 304), peamouth (n = 136), northern pikeminnow (n = 221), unidentified minnows (n = 17);
• Catostomidae: unidentified sucker (n = 268);
• Percopsidae: sandroller (n = 8);
• Cottidae: unidentified sculpin (n = 4,996);
• Centrarchidae: Lepomis sp. (n = 9), Micropterus sp. (n = 2),
Pomoxis sp. (n = 4), unidentified centrarchids (n = 4); and
• Percidae: yellow perch (n = 1).

Larval fishes collected in the backwater (Deschutes River,
Oregon) of the Dalles Reservoir, included:
• Petromyzontidae: unidentified lamprey (n = 1,001);
• Cyprinidae: carp (n = 1), unidentified dace (n = 43), unidentified minnows (n = 1,018);
• Catostomidae: unidentified sucker (n = 5,764);
• Cottidae: unidentified sculpin (n = 19); and
• Unidentified fish: (n = 24).

tat use by white sturgeon in The Dalles Reservoir. From 1995–2000,
harvest of white sturgeon in The Dalles Reservoir ranged from
310–1,342 per year by Treaty Indians and 50–860 per year by sport
anglers (ODFW / WDFW 2002). Abundance of white sturgeon, 61
to 183 cm TL, in The Dalles Reservoir was estimated at 27,700 in
1987, 11,300 in 1988, 12,600 in 1994, 73,500 in 1997, and 104,300 in
2002 (Rich and Norton 2002; Ward 2004). White sturgeon populations in The Dalles Reservoir were estimated at 59,800 individuals,
70–166 cm TL, of which 8,100 were legal sized for harvest (slot
limit 110–137 cm) in 1997 (Ward 1999). From 1994–2002, a total
of 15,421 white sturgeon were transplanted from below Bonneville
Dam into The Dalles Reservoir (Kern et al. 2002, 2003, 2004).
The abundance of northern pikeminnow in The Dalles Reservoir
was estimated at approximately 117,300 individuals ≥ 250 mm FL
(Ward et al. 1995).The abundance of smallmouth bass in The
Dalles Reservoir was estimated at approximately 3,500 individuals ≥ 200 mm FL (Zimmerman and Parken 1995). Loch and Bonar
(1999) reported that grass carp were present in the Dalles Reservoir.
Dauble et al. (2003) reported that fall Chinook formerly spawned
throughout the area that was inundated by The Dalles Reservoir.

John Day Reservoir (Lake Umatilla)
(RKM 345.0–467.2)
John Day Reservoir (Lake Umatilla) is 122.2 km (76.4 mi) long between John Day (Columbia River mile RM 215.6) (Figure 5.25) and
McNary (RM 292.0) dams. Bathymetry and physical (morphometric) characteristics of John Day Reservoir are recorded on Table 5.8.
John Day Reservoir is classified as a run-of-the-river reservoir
with some storage capacity.
Minimum and maximum pool elevations of John Day Reservoir
are 78.3 m (257 ft) to 81.7 m (268 ft) above MSL, respectively (Gilbreath
et al. 2000). The reservoir normally fluctuates between 79.8 m and
80.8 m above MSL (Hjort et al. 1981). John Day Reservoir is longer
than most reservoirs, so water remains in the reservoir slightly longer
than most other mainstem Columbia River reservoirs. Water retention time of the reservoir was estimated to range from 3.8 days (at
discharge of 8,495 m³ ⁄ s) to 11.2 days (at discharge of 2,830 m³ ⁄ s)
(Coe 1982). Limnological data for John Day Reservoir was collected by
Hjort et al. (1981) and Gilbreath et al. (2000). Secchi disk depth ranged
from 1.1–2.3 m, indicating that the water was turbid. No thermocline
was evident and dissolved oxygen generally was near saturation at the
surface (12–16 mg ⁄ L) and declined to 6–8 mg ⁄ L at depths of 25–30 m.
Fishes reported to occur in John Day Reservoir were comprised
of 13 families and 47 species, including:

Counts of anadromous fish migrating up the fish ladders at
The Dalles Dam are shown in Table 5.7. Fish counts averaged
277,892 Chinook salmon, 16,789 coho salmon, 66,304 sockeye
salmon, 196,789 coho salmon, 66,304 sockeye salmon, 4 chum
salmon, 1,562,003 American shad, and 61,869 Pacific lamprey
per year over a 53-year period of record (1957–2010) (Table 5.7).
During the most recent 10-year interval (2001–2010) counts
at The Dalles averaged 490,359 Chinook, 41,441 coho, 105,789
sockeye, 405,708 steelhead trout, 22 pink, 1 chum, 3,710,197
American shad, and 11,623 Pacific lamprey per year (Table 5.7).
North et al. (1993) described the distribution and movements
of white sturgeon in The Dalles Reservoir. Parsley et al. (1993) and
Parsley and Beckman (1994) described spawning and rearing habiA. T. Scholz

• Petromyzontidae: river lamprey, Pacific lamprey;
• Acipenseridae: white sturgeon;
• Clupeidae: American shad;
• Cyprinidae: chiselmouth, goldfish, carp, grass carp, peamouth,
northern pikeminnow, redside shiner, longnose dace, leopard dace, speckled dace, tench;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker, mountain sucker;
• Ictaluridae: black bullhead, yellow bullhead, brown bullhead,
channel catfish;
• Salmonidae: lake whitefish, mountain whitefish, cutthroat trout,
pink salmon, chum salmon, coho salmon, steelhead / rainbow
trout, sockeye / kokanee salmon, Chinook salmon, bull trout;
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Table 5.7

Year
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

Counts of anadromous fish migrating up the fish ladders at The Dalles Dam, 1957–2010. Also shown are the average annual count over the period of record (1957–2010) and the most recent 10-year interval (2001–2010). n / a=not available.
Data from Columbia River Passage Center. http://www.fpc.org/adultsalmon_home.html. (Page 1 of 2.)
Chinook
Total

Spring
Chinook

Summer
Chinook

Fall
Chinook

Coho

Sockeye

Steelhead

Pink

Chum

American
Shad

Pacific
Lamprey

312,700
301,900
207,500
196,900
201,300
187,100
180,900
183,900
195,000
240,700
280,200
262,800
311,600
261,400
250,500
268,700
281,000
217,200
217,400
216,200
224,948
199,228
150,611
113,951
135,176
172,682
157,263
203,837
367,651
442,586
421,231
377,948
281,430
207,562
153,001
168,507
184,953
161,758
141,793
167,911
223,801
154,132
199,491
316,214
629,334
583,155
608,065
560,420
388,893
339,206

109,700
61,700
50,900
58,400
79,200
69,100
52,900
60,700
43,600
96,600
72,000
98,700
100,500
83,500
73,700
103,100
111,100
56,400
52,500
56,600
90,373
84,924
27,297
28,237
41,160
44,750
36,862
33,953
75,253
86,983
77,493
73,551
53,014
57,390
32,359
58,451
69,356
11,798
7,553
27,127
69,740
25,743
23,743
117,749
313,865
185,046
142,729
137,957
64,174
64,003

116,700
80,100
71,400
75,300
50,800
57,000
47,300
56,400
50,500
61,100
72,600
67,400
62,000
48,100
51,800
48,700
38,800
30,300
39,100
38,800
44,378
34,396
32,298
21,133
19,676
19,342
17,051
22,544
24,667
24,420
30,803
29,872
30,555
22,615
18,467
14,976
20,063
15,997
13,558
14,488
21,456
16,906
24,937
35,580
82,388
118,812
111,931
87,925
73,136
84,839

86,300
160,100
85,200
63,200
71,300
61,000
80,700
66,800
100,900
83,000
135,600
96,700
151,800
129,800
125,000
116,900
131,100
130,500
125,800
120,800
90,197
79,908
91,016
64,581
74,340
108,590
103,350
147,340
267,731
331,183
312,935
274,525
197,861
127,557
102,175
95,080
95,534
133,963
120,682
126,296
132,605
111,483
150,811
162,885
233,081
279,297
353,405
334,538
251,583
190,364

6,800
2,400
2,700
3,000
2,139
3,696
3,716
5,978
17,500
32,279
32,015
42,687
17,054
23,219
29,061
16,562
11,152
14,655
13,976
19,392
10,000
18,800
8,700
6,326
6,941
7,383
3,458
3,172
4,572
4,839
3,314
9,316
12,483
4,667
9,603
3,829
4,360
4,376
3,269
4,583
4,729
8,971
15,041
29,479
64,557
12,786
45,374
40,564
34,629
32,196

90,201
111,039
86,259
59,441
16,689
27,127
56,931
79,042
44,279
147,886
120,589
116,897
37,226
77,678
76,103
44,671
52,303
28,827
43,198
27,747
86,252
11,845
32,791
42,088
35,447
33,331
84,203
101,379
117,181
48,400
87,599
55,979
39,672
40,230
63,417
66,384
62,252
9,356
7,166
25,055
32,430
8,828
13,715
73,383
102,562
40,554
34,176
107,466
65,273
30,026

129,361
121,420
156,090
111,189
134,572
163,301
118,957
110,033
141,052
146,172
121,614
147,481
112,529
99,187
151,348
135,303
100,082
70,875
57,675
82,568
133,982
60,485
83,364
93,963
113,268
117,434
170,671
218,552
273,316
281,826
219,079
198,417
232,268
129,448
199,689
232,179
124,829
132,516
165,328
186,039
185,155
138,984
198,253
258,952
628,444
504,485
358,459
311,302
311,764
292,570

4
5
9
5
4
5
3
5
3
1
4
1
1
4
3
n/a
1
n/a
n/a
n/a
n/a
n/a
4
n/a
1
n/a
n/a
1
5
4
2
n/a
n/a
n/a
103
0
0
0
0
0
0
0
19
1
0
0
127
0
23
3

75
31
25
35
0
0
23
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
3
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1

5,106
4,530
4,288
81,053
113,229
216,464
160,958
158,786
346,277
399,028
138,998
231,136
305,888
308,670
187,549
273,357
781,020
315,392
438,162
508,876
865,502
1,234,723
1,398,224
1,160,752
1,088,958
1,002,820
1,932,000
1,190,002
1,389,547
1,361,854
1,289,699
2,008,572
2,971,017
3,706,856
2,191,077
2,824,313
2,394,394
1,801,545
1,959,564
2,648,560
2,571,260
2,149,097
1,718,683
1,556,619
2,724,948
3,218,050
4,258,889
5,472,400
6,067,028
4,611,592

n/a
n/a
n/a
259,208
352,444
83,350
79,530
64,252
45,180
43,383
28,311
57,628
167,252
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
6,066
n/a
n/a
8,050
9,061
23,417
28,995
14,873
8,361
6,894

Table 5.7 continued on next page
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Table 5.7 (concluded) Counts of anadromous fish migrating up the fish ladders at The Dalles Dam, 1957-2010. (Page 2 of 2.)
Year

Chinook
Total

Spring
Chinook

Summer
Chinook

Fall
Chinook

Coho

Sockeye

Steelhead

Pink

Chum

American
Shad

Pacific
Lamprey

2007
2008
2009
2010

252,215
397,766
525,837
618,699

69,091
111,239
147,554
201,385

51,441
77,279
107,794
93,820

131,683
209,248
270,489
323,494

32,751
42,682
77,492
31,374

19,124
177,984
155,591
325,133

301,932
356,489
658,600
333,031

1
12
28
n/a

4
0
7
n/a

3,591,992
1,805,516
1,641,362
n/a

6,085
4,599
2,318
n/a

Total

15,006,155

4,182,802

2,623,743

8,202,310

906,597

3,580,405

10,615,882

392

209

82,786,182

1,299,257

10 yr.
total

4,903,590

1,437,043

889,365

2,577,182

414,405

1,057,889

4,057,076

194

13

33,391,777

104,603

Mean

277,892

77,459

48,588

151,895

16,789

66,304

196,590

10

4

1,562,003

61,869

10 yr.
mean

490,359

143,704

88,937

257,718

41,441

105,789

405,708

22

1

3,710,197

11,623

A

Figure 5.25

B

(A) John Day Dam. Photograph courtesy of Moosealope CC-BY-SA 2.0. Fish Ladder is in lower left corner. (B) Lake
Umatilla. Photograph courtesy of USACE, US-PD.
Table 5.8

Bathymetry and physical characteristics for
John Day Reservoir (Lake Umatilla), RM 292.0.
NFP = normal full pool.

Parameter
Surface elevation (altitude)
Reservoir length
Shoreline perimeter
Average width
Maximum width
Surface area
Mean depth
Maximum depth
Reservoir volume @ NFP

A. T. Scholz

Metric Units

English Units

82.0 m
123.0 km
384.0 km
1.78 km
5.09 km
20,800 hectares
14.4 m
50.0 m
3,083,750,000 m³

270.0 ft
76.4 mi
239.0 mi
1.1 mi
3.48 mi
49,300 acres
47.4 ft
240.0 mi
2,500,000 acre-ft
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• Percopsidae: sandroller;

• Percidae: yellow perch, walleye.

• Family Poeciliidae: western mosquitofish;
• Gasterosteidae: threespine stickleback;
• Cottidae: prickly sculpin, mottled sculpin, torrent sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch, walleye.

Distribution maps in Wydoski and Whitney (2003) indicated
that 41 species and 13 families of fishes occurred in John Day
Reservoir, including:
• Petromyzontidae: river lamprey, western brook lamprey (I
have found no corroborating evidence that western brook
lamprey occur in John Day Reservoir), Pacific lamprey;
• Clupeidae: American shad;
• Acipenseridae: white sturgeon;
• Cyprinidae: chiselmouth, goldfish, carp, grass carp, peamouth,
northern pikeminnow, longnose dace, leopard dace, redside shiner, tench;

Eggs or larvae of American shad, chiselmouth, goldfish, carp,
peamouth, northern pikeminnow, redside shiner, bridgelip sucker,
largescale sucker, brown bullhead, channel catfish, mountain
whitefish, sandroller, western mosquitofish, threespine stickleback, prickly sculpin, pumpkinseed, bluegill, white crappie, black
crappie, yellow perch and walleye were recorded, indicating that
these species are successfully reproducing in John Day Reservoir
(Hjort et al. 1981).
Gray et al. (1984a) found 15 species, representing 8 families
of fishes in the guts of northern pikeminnow, smallmouth bass,
and walleye collected in John Day Reservoir. The gut contents
included:
• Clupeidae: American shad;
• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, redside shiner;
• Catostomidae: bridgelip sucker, largescale sucker;
• Ictaluridae: Ictalurus spp.

• Catostomidae: bridgelip sucker, largescale sucker, mountain
sucker ;

• Salmonidae: mountain whitefish, steelhead trout, Chinook
salmon;

• Ictaluridae: yellow bullhead, brown bullhead, channel catfish;

• Percopsidae: sandroller;

• Salmonidae: mountain whitefish, coho salmon, steelhead / rainbow trout, sockeye salmon, Chinook salmon, bull trout;

• Cottidae: prickly sculpin;
• Centrarchidae: smallmouth bass.

• Percopsidae: sandroller;
• Poeciliidae: western mosquitofish;
• Gasterosteidae: threespine stickleback;
• Cottidae: prickly sculpin, mottled sculpin, torrent sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch, walleye.

Hjort et al. (1981) sampled fishes in John Day Reservoir by beach
seining, gill netting, trap netting, trawling, and electrofishing between September 1979 and September 1981. Larval fishes were collected using two plankton nets that were two meters long with a
0.365 m diameter opening and 0.505 mm bar mesh suspended on
either side of a boat, or else a beam trawl mounted on the front of a
boat. Thirteen families (34 species) were caught, including:

• Clupeidae: 10.7% American shad (n = 1,471);
• Cyprinidae: 2.3% chiselmouth (n = 313), < 0.1% carp (n = 10),
5.0% peamouth (n = 687), 13.8% northern pikeminnow
(n = 1,888), 0.2% redside shiner (n = 32);
• Catostomidae: 51.5% bridgelip sucker and largescale sucker
(n = 7,071 total for both species);
• Salmonidae: 0.2% mountain whitefish (n = 29), 0.3% steelhead / rainbow trout (n = 48), 6.1% Chinook salmon
(n = 839);
• Percopsidae: 5.9% sandroller (n = 807);
• Cottidae: 2.0% unidentified sculpin (n = 276);

• Petromyzontidae: Pacific lamprey;
• Acipenseridae: white sturgeon;
• Clupeidae: American shad;
• Cyprinidae: chiselmouth, goldfish, carp, peamouth, northern
pikeminnow, longnose dace, redside shiner;
• Catostomidae: bridgelip sucker, largescale sucker;
• Ictaluridae: black bullhead, yellow bullhead, brown bullhead,
channel catfish;
• Salmonidae: mountain whitefish, coho salmon, steelhead / rainbow trout, sockeye salmon, Chinook salmon;
• Percopsidae: sandroller;

• Centrarchidae: < 0.1% pumpkinseed and bluegill
(n = 8 total for both species), 0.9% smallmouth bass
(n = 126), 0.2% largemouth bass (n = 22), 0.4% white
crappie and black crappie (n = 55); and
• Percidae: 0.3% yellow perch (n = 36), < 0.1% walleye (n = 7).

Gray et al. (1984c) captured a total of 14,581 total fish by beach
seining at six locations throughout John Day Reservoir in 1983.
Twenty-eight species, representing 10 families of fishes were present, including (by relative abundance):
• Clupeidae: 3.9% American shad (n = 574);

• Poeciliidae: western mosquitofish;
• Gasterosteidae: threespine stickleback;
• Cottidae: prickly sculpin, torrent sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and
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Gray et al. (1984b) captured fishes in John Day Reservoir in 1982
by bottom set gillnets, beach seining, electrofishing, and setting minnow traps. A total of 13,725 fishes comprised of 8 families and 21 species were captured. Fish sampled included (by relative abundance):

• Cyprinidae: 13.2% chiselmouth (n = 1,926), < 0.1% goldfish
(n = 9), < 0.1% carp (n = 6), 8.1% peamouth (n = 1,187),
15.3% northern pikeminnow (n = 2,277), < 0.1% longnose dace and speckled dace (n = 9), 1.0% redside shiner
(n = 151);
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• Catostomidae: 32.7% bridgelip sucker and largescale sucker
(n = 4,689);

During the study a total of 37,400 fishes, representing at least 24 species and 9 families, were collected in 359 beach seine hauls, using a
30.5 m long × 2.4 m wide bag seine. Taxa collected, included:

• Ictaluridae: 0.1% brown bullhead (n = 10);
• Salmonidae: 0.1% mountain whitefish (n = 17), < 0.1% coho
salmon (n = 1), 0.2% steelhead / rainbow trout (n = 26), < 0.1%
sockeye salmon (n = 2), 7.4% Chinook salmon (n = 1,075);

• Cyprinidae: chiselmouth, goldfish, carp, peamouth, northern
pikeminnow, speckled dace, redside shiner;

• Percopsidae: 10.8% sandroller (n = 1,575);

• Catostomidae: bridgelip sucker, largescale sucker;

• Gasterosteidae: 0.7% threespine stickleback (n = 27);

• Ictaluridae: yellow bullhead, brown bullhead, channel catfish;

• Cottidae: 2.1% unidentified sculpin (n = 355);

• Salmonidae: mountain whitefish;

• Centrarchidae: 0.5% pumpkinseed and bluegill (n = 80), 0.8%
smallmouth bass (n = 123), 0.6% largemouth bass (n = 43),
2.5% white crappie and black crappie (n = 360); and

• Percopsidae: sandroller;
• Gasterosteidae: threespine stickleback;
• Cottidae: unidentified sculpin;

• Percidae: 0.4% yellow perch (n = 57), < 0.1% walleye (n = 1).

Palmer et al. (1986) captured a total of 16,738 fish by beach seining
at six locations in John Day Reservoir in 1985. Ten families and 27 species were represented in the catch, including (by relative abundance):
• Clupeidae: 6.0% American shad (n = 999);
• Cyprinidae: 2.9% chiselmouth (n = 484), 0.2% carp (n = 32),
3.5% peamouth (n = 592), 11.7% northern pikeminnow
(n = 1,963), < 0.1% speckled dace (n = 9), 1.0% redside shiner
(n = 169);

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch, walleye.

During index netting for white sturgeon in John Day Reservoir
in 1997, 1998, 1999, 2001, and 2002, Ward (2000, 2001, 2003, 2004)
captured 1,898 total fish as bycatch representing at least 15 species
and 8 families, comprised of:
• Acipenseridae: white sturgeon (n = 336);
• Clupeidae: American shad (n = 62);

• Catostomidae: 2.5% bridgelip sucker (n = 412), 29.7% largescale sucker (n = 4,967);

• Cyprinidae: chiselmouth (n = 41, carp (n = 13), peamouth
(n = 44), northern pikeminnow (n = 263);

• Ictaluridae: 0.8% brown bullhead (n = 132), < 0.1% channel
catfish (n = 1);

• Catostomidae: bridgelip sucker (n = 127), largescale sucker
(n = 205);

• Salmonidae: < 0.1% mountain whitefish (n = 5), < 0.1% coho
salmon (n = 5), 0.2% steelhead / rainbow trout (n = 38),
< 0.1% sockeye salmon (n = 3), 4.0% Chinook salmon
(n = 674);

• Ictaluridae: channel catfish (n = 437);
• Salmonidae: mountain whitefish (n = 6);
• Centrarchidae: bluegill (n = 1), smallmouth bass (n = 11), unidentified crappie (n = 9); and

• Percopsidae: 17.2% sandroller (n = 2,872);
• Gasterosteidae: < 0.1% threespine stickleback (n = 4);

• Percidae: yellow perch (n = 217), walleye (n = 19).

• Cottidae: 1.6% prickly sculpin (n = 267);
• Centrarchidae: 3.5% pumpkinseed and bluegill (n = 489), 1.0%
smallmouth bass (n = 166), 1.4% largemouth bass (n = 235),
10.9% white crappie and black crappie (n = 1,830); and

Burner et al. (2000) sampled for young-of-the-year white sturgeon in John Day Reservoir in 1997, by setting gillnets. Target and
bycatch species caught totaled 249 individuals, comprised of 7
families and 9 species, including (by relative abundance):

• Percidae: 1.7% yellow perch (n = 284), < 0.1% walleye (n = 3).

Between May 1994 and September 1995, Gilbreath et al. (2000)
made 116 beach seine hauls at stations in Upper John Day Reservoir
and captured a total of 5,817 identified fishes. Seven families and 15 species were represented in the catch, including (by relative abundance):

• Acipenseridae: 42.5% white sturgeon (n = 106);
• Clupeidae: 4.4% American shad (n = 11);
• Cyprinidae: 0.8% carp (n = 2), 13.3% northern pikeminnow
(n = 33);
• Ictaluridae: 23.6% channel catfish (n = 59);

• Clupeidae: 73.9% American shad (n = 4,301);

• Catostomidae: 6.4% bridgelip sucker (n = 16);

• Cyprinidae: 0.4% carp (n = 29), 0.2% peamouth (n = 8), 6.9%
northern pikeminnow (n = 404);

• Salmonidae: 3.2% mountain whitefish (n = 2); and
• Percidae: 3.2% walleye (n = 2).

• Catostomidae: 0.7% unidentified sucker (n = 39);
• Salmonidae: < 0.1% unidentified whitefish (n = 2), 0.2% coho
salmon (n = 10), 10.0% Chinook salmon (n = 584);

Gadomski and Barfoot (1998) sampled planktonic larval fishes
in the main channel and backwaters of John Day Reservoir in 1993.
Samples were collected weekly from June to August using two ichthyoplankton bongo nets 2.4 m long × 0.5 m in diameter (500 mm
mesh) during the day and at night. Fishes collected in the main
channel included:

• Cottidae: 0.6% prickly sculpin (n = 34);
• Centrarchidae: 1.5% pumpkinseed and bluegill (n = 89), 2.6%
smallmouth bass (n = 150), 2.0% largemouth bass (n = 117),
0.3% unidentified crappie (n = 17); and
• Percidae: < 0.6% yellow perch (n = 33).

Barfoot et al. (2002) sampled fishes by beach seining at monthly
(1984, 1985) or biweekly (1995) intervals, from May to August, at four
main channel sites and two backwater sites in John Day Reservoir.
A. T. Scholz

• Petromyzontidae: unidentified lamprey;
• Acipenseridae: white sturgeon;
• Clupeidae: American shad;
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• Cyprinidae: carp, peamouth, northern pikeminnow, unidentified cyprinids;
• Catostomidae: unidentified sucker;
• Percopsidae: sandroller;
• Cottidae: unidentified sculpin;
• Centrarchidae: Lepomis spp., Micropterus spp., Pomoxis spp.; and
• Percidae: yellow perch.

Fishes collected in the backwaters of John Day Reservoir included:
• Clupeidae: American shad (n = 1,839);
• Cyprinidae: carp (n = 252), peamouth (n = 9), northern pikeminnow (n = 9);
• Catostomidae: unidentified sucker (n = 53);
• Cottidae: unidentified sculpin (n = 389);
• Centrarchidae: Lepomis spp. (n = 246), Micropterus spp.
(n = 2), Pomoxis spp. (n = 1); and
• Percidae: yellow perch.

In addition to the millions of juvenile Chinook, coho and sockeye salmon, and steelhead trout collected in the juvenile bypass
system at John Day Dam, a total of 4,496,325 other fishes were
captured between March 1997 and December 2010 (Fish Passage
Center: http://www.fps.org, queried 1 March 2011). Twelve families
and 36 species were represented in the incidental catch, including:
• Petromyzontidae: 3.4% lamprey (n = 154,029), nearly all of
them were Pacific lamprey;
• Acipenseridae: < 0.1% white sturgeon (n = 5);
• Clupeidae: 95.9% American shad (n = 4,310,978);
• Cyprinidae: < 0.1% chiselmouth (n = 366), < 0.1% carp
(n = 524), < 0.1% peamouth (n = 180), < 0.1% northern pikeminnow (n = 67), < 0.1% redside shiner (n = 4), < 0.1% longnose dace (n = 67), < 0.1% speckled dace (n = 3);
• Catostomidae: < 0.1% bridgelip sucker (n = 2), < 0.1% mountain sucker (n = 13), 0.1% unidentified sucker (n = 3,102);
• Ictaluridae: < 0.1% unidentified bullhead (n = 415), < 0.1%
channel catfish (n = 1,545);
• Salmonidae: < 0.1% lake whitefish (n = 5), 0.1% mountain
whitefish (n = 6,308), < 0.1% cutthroat trout (n = 1), < 0.1%
pink salmon (n = 30), < 0.1% chum salmon (n = 6), < 0.1%
steelhead trout (n = 5), < 0.1% rainbow trout (n = 15), < 0.1%
kokanee salmon (n = 59), < 0.1% Chinook salmon (n = 24),
< 0.1% bull trout (n = 1,545);
• Percopsidae: < 0.1% sandroller (n = 87);
• Gasterosteidae: < 0.1% threespine stickleback (n = 97);
• Cottidae: < 0.1% unidentified sculpin (n = 6,171);
• Centrarchidae: < 0.1% pumpkinseed and bluegill (n = 2,5510),
< 0.1% largemouth bass, 0.1% smallmouth and largemouth
bass (n = 4,800), < 0.1% unidentified crappie (n = 779).
• Percidae: < 0.1% yellow perch (n = 2,651, < 0.1% walleye
(n = 1,315); and
• Other fish: (n = 80) the only other species identified were five
resident rainbow / steelhead collected in June 2010.

Counts of anadromous fish migrating up the fish ladders at John
Day Dam are shown in Table 5.9. Counts averaged 238,583 Chinook
salmon, 15,757 coho salmon, 66,421 sockeye salmon, 196,353 steelhead trout, 2 pink salon, 7 chum salmon, 762,708 American shad,
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and 13,482 Pacific lamprey per year over a 42-year period of record
(1968–2010). During the most recent 10-year interval (2001–2010),
counts at John Day Reservoir averaged 402,658 Chinook, 38,090
coho, 110,307 sockeye, 399,644 steelhead, 4 pink, < 1 chum, 1,886,129
American shad, and 10,157 Pacific lamprey per year.
Norton et al. (1993) described the distribution and movements
of white sturgeon in John Day Reservoir. Parsley et al. (1993) and
Parsley and Beckman (1994) described white sturgeon rearing
habitat in John Day Reservoir. From 1995–2000, harvest of white
sturgeon in John Day Reservoir ranged from 310–1,260 by Treaty
Indians and 50–860 by sport anglers (ODFW / WDFW 2002). White
sturgeon abundance in John Day Reservoir was estimated at 27,000
fish, 70–166 cm TL, of which 4,040 were legal sized (slot limit 110–
137 cm TL) in 1996 (Ward 1998). Population abundance of white
sturgeon, 61-182 cm TL, was estimated at 19,300 in 1990, 30,600 in
1996, and 19,600 in 2001 (Ward 2004). From 1994–2002, a total of
23,069 white sturgeon were transplanted from below Bonneville
Dam into John Day Reservoir (Rich and North 2002).
American shad spawn successfully in John Day Reservoir, and
comprised approximately 98% of all fish captured by trawling from
August to October 1963 (Kofoot et al. 1994).
Northern pikeminnow were reported in John Day Reservoir
(Peterson 1994; Ward et al. 1995; Beamesderfer and Ward 1996; Frisen
and Ward 1999). Martinelli and Shively (1998) tracked northern pikeminnow implanted with radio transmitters and released in John Day
Reservoir between John Day and McNary dams. They found that
many fish moved upstream into the tailrace of McNary Dam in June to
spawn and then feed on downstream migrating salmon smolts. By fall,
they had moved away from tailrace area and into the deeper waters of
the reservoir where they overwintered. The abundance of northern
pikeminnow in John Day Reservoir was estimated at approximately
85,000 individuals ≥ 250 mm FL (Beamesderfer and Rieman 1991).
Dauble et al. (2002) reported that fall Chinook used to spawn
throughout the John Day reach before it was inundated under the reservoir created by John Day Dam. A bull trout was collected from the juvenile bypass facility at John Day Dam in 2002 (Martinson et al. 2003).
The abundance of smallmouth bass in John Day Reservoir
was estimated at approximately 35,000 individuals ≥ 200 mm FL
(Beamesderfer and Rieman 1991). The abundance of walleye in
John Day Reservoir was estimated at approximately 15,000 individuals ≥ 250 mm FL (Beamesderfer and Rieman 1991).

McNary Reservoir (Lake Wallula)
(RKM 476.2–564.8)
McNary Reservoir is 98 km (61 mi) long between McNary Dam
(Columbia River Mile RM 292) (Figure 5.26) and the head of the
reservoir (RM 353) adjacent to the Hanford Reach of the Columbia
River. McNary Reservoir is also called Lake Wallula (Figure
5.26). Bathymetry and physical (morphometric) characteristics of
McNary Reservoir are recorded in Table 5.10. McNary Reservoir is
a run-of-the-river reservoir with water retention time averaging
about 2 days and ranges from about 1.0 days (when Snake River
discharge was 300 KCFS and Columbia River discharge was 7,650
KCFS) to 6.6 days (when Snake River discharge was 15 KCFS and
Columbia River discharge was 70 KCFS).
Distribution maps in Wydoski and Whitney (2003) indicated
that 46 species and 14 families of fishes occurred in McNary
Reservoir, including:
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Table 5.9

Counts of anadromous fish migrating up the fish ladders at John Day Dam, 1968–2010. Also shown are the average annual
count over the period of record (1968–2010) and the most recent 10-year interval (2001–2010). n / a = not available. Data
from Columbia River Fish Passage Center. http://www.fpc.org/adultsalmon_home.html.

Year

Chinook
Total

Spring
Chinook

Summer
Chinook

Fall
Chinook

Coho

Sockeye

Steelhead

Pink

Chum

American
Shad

Pacific
Lamprey

1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

233,700
276,000
222,400
193,800
222,600
249,500
167,900
159,100
175,800
194,931
174,852
118,154
100,664
114,359
144,082
139,723
189,106
331,558
346,274
327,923
280,123
208,298
156,427
118,949
132,025
141,705
126,645
107,276
130,602
185,240
130,049
163,282
269,451
510,987
447,729
467,067
446,303
322,563
288,434
214319
342952
451974
534247

77,500
81,700
72,500
56,600
68,600
96,700
46,200
37,700
45,400
75,782
72,723
21,981
27,202
37,677
36,530
33,480
31,592
72,389
77,310
62,113
55,205
37,773
43,234
21,847
45,457
56,144
9,745
5,776
21,599
62,580
22,198
20,498
98,710
270,385
142,290
111,642
118,520
58,742
52,406
57869
96697
126539
191240

75,500
64,700
43,100
50,000
44,500
34,200
25,900
32,200
36,000
29,194
30,371
23,572
19,664
15,813
16,360
14,695
22,858
25,479
22,015
22,599
23,558
23,868
20,532
16,872
13,910
18,364
12,935
11,476
13,148
21,769
17,780
24,714
31,136
74,235
110,969
105,615
83,060
69,439
77,964
47355
77329
99136
83430

80,700
129,600
106,800
87,200
109,500
118,600
95,800
89,200
94,400
89,955
71,758
72,601
53,798
60,869
91,192
91,548
134,656
233,690
246,949
243,211
201,360
146,657
92,661
80,230
72,658
67,197
103,965
90,024
95,855
100,891
90,071
118,070
139,605
166,367
194,470
249,810
244,723
194,382
158,064
109095
168926
226299
259577

38,233
13,589
19,543
40,830
17,533
13,359
14,651
6,305
5,806
1,130
8,300
5,000
1,924
2,562
4,063
1,640
2,070
1,594
1,933
3,355
7,581
9,654
3,023
8,177
2,633
2,995
2,842
2,117
4,279
4,229
8,497
13,232
23,965
51,181
9,272
38,577
34,755
34,197
33,778
39228
44898
71739
23272

87,847
39,847
78,133
72,232
51,793
64,744
33,121
50,774
30,446
85,701
13,778
43,630
50,675
46,146
37,970
89,811
109,815
126,498
46,357
75,212
48,095
39,374
42,077
63,636
69,731
61,218
11,170
8,667
25,698
35,830
9,837
14,809
88,372
107,869
41,915
35,417
113,497
69,770
35,387
24277
193409
157402
324128

121,256
86,348
82,440
115,977
141,628
101,440
43,756
32,651
59,808
102,558
44,188
55,877
78,199
95,280
108,603
154,783
201,870
230,342
236,955
171,475
165,362
193,446
107,775
159,936
195,196
95,642
110,418
123,240
179,159
178,521
188,853
206,630
277,123
595,744
503,055
370,135
295,590
287,502
269,131
287254
360013
744904
283111

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
0
0
0
0
0
0
1
0
0
0
18
0
12
3
0
2
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
0
0
1
0
0
95
0
0
0
0
1
0
0
0
1
n/a
n/a
n/a
n/a

n/a
122616
174523
207530
104034
142805
419876
141066
196199
193000
476407
629005
646187
638037
527678
514861
1172578
586015
682344
609363
739690
890997
1773938
1641943
1382009
1963060
647097
935988
1033730
959262
1007896
1025044
763007
1161639
1796826
1850942
2735108
n/a
n/a
n/a
n/a
n/a
n/a

n/a
21669
52314
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
9237
n/a
4005
5844
4005
26821
20922
11663
8312
9600
5731
6625
2044

Total

10,259,073

2,858,775

1,727,314

5,672,984

677,541

2,856,115

8,443,174

35

98

30,492,300

188,792

10 yr.
mean

4,026,575

1,226,330

828,532

1,971,713

380,897

1,103,071

3,996,439

34

2

7,544,515

101,567

Mean

238,583

66,483

40,170

131,930

15,757

66,421

196,353

2

7

847,008

13,485

10 yr.
mean

402,658

122,633

82,853

197,171

38,090

110,307

399,644

4

<1

1,886,129

10,157
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A

Figure 5.26

(A) Lake Wallula, photo courtesy of Scott Butner, CC‑BY-NC-ND 2.0. (B) McNary Dam. Photograph courtesy of Sam
Beebe / Ecotrust CC-BY 3.0.
Table 5.10

B

Bathymetry and physical characteristics for
McNary Reservoir (Lake Wallula), RM 356.0.
NFP = normal full pool.

Parameter

Metric Units

English Units

103.6 m

340.0 ft

Surface elevation (altitude)
Reservoir length

97.6 km

61.0 mi

Shoreline perimeter

387.2 km

242.0 mi

Average width

1.6 km

0.98 mi

Maximum width

3.42 km

2.14 mi

Surface area

15,702 hectares

38,800 acres

Mean depth

10.8 m

35.4 ft

Maximum depth
Reservoir volume @ NFP

110.0 ft
1,350,000 acre-ft

• Petromyzontidae: river lamprey, western brook lamprey,
Pacific lamprey;

• Percopsidae: sandroller;

• Acipenseridae: white sturgeon;

• Fundulidae: (formerly classified as Cyprinodontidae): banded
killifish;

• Clipped: American shad;
• Cyprinidae: chiselmouth, carp, grass carp, peamouth, northern pikeminnow, longnose dace, leopard dace, speckled
dace, Umatilla dace, redside shiner, tench;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker, mountain sucker;
• Ictaluridae: brown bullhead, channel catfish, flathead catfish,
tadpole madtom;
• Salmonidae: mountain whitefish, coho salmon, steelhead / rainbow trout, sockeye salmon, Chinook salmon,
Atlantic salmon, bull trout;
244

34.0 m
1,665,225,000 m³

• Poeciliidae: western mosquitofish;

• Gasterosteidae: threespine stickleback;
• Cottidae: prickly sculpin, mottled sculpin, torrent sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch, walleye.

Common anadromous and resident fishes that occur in McNary
Reservoir reported by the United States Corps of Engineers (http://
www.usace.army.mil) comprised 13 families and 34 species, including:

Fishes of Eastern Washington: A Natural History

Columbia River Basin Hydrology and Fish Distribution in Eastern Washington
• Petromyzontidae: Pacific lamprey;

head trout (n = 102), <0.1% sockeye/kokanee salmon (n = 1),
28.7% Chinook salmon (n = 3,254), <0.1% brown trout (n = 2);

• Acipenseridae: white sturgeon;
• Clupeidae: American shad;

• Percopsidae: 10.5% sandroller (n = 1,193);

• Cyprinidae: chiselmouth, goldfish, carp, peamouth, northern
pikeminnow, unidentified dace, redside shiner;

• Gosterosteidae: <0.1% threespine stickleback (n = 2);
• Cottidae: 4.5% unidentified sculpin (n = 514);

• Catostomidae: bridgelip sucker, largescale sucker;

• Centrarchidae: <0.1% pumpkinseed (n = 10), 0.3% bluegill
(n = 28), 3.2% smallmouth bass (n = 264), 0.3% largemouth
bass (n = 28), <0.1% white crappie (n = 2), 0.3% black crappie (n = 39), <0.1% unidentified sunfish (n = 2); and

• Ictaluridae: black bullhead, yellow bullhead, brown bullhead,
channel catfish, tadpole madtom;
• Salmonidae: mountain whitefish, coho salmon, steelhead / rainbow trout, sockeye salmon, Chinook salmon;

• Percidae: 2.3% yellow perch (n = 263), <0.1% walleye (n = 3).

In addition to the millions of juvenile Chinook, coho, and sockeye salmon and steelhead trout collected in the juvenile bypass at
McNary Dam, a total 3,957,346 other fishes were captured from
March 1997 to December 2010 (Fish Passage Center: http://www.
fps.org, queried on 1 March, 2011). Eleven families and 32 species
were represented in this incidental catch, including:

• Percopsidae: sandroller;
• Poeciliidae: western mosquitofish;
• Gasterosteidae: threespine stickleback;
• Cottidae: unidentified sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch, walleye.

• Petromyzontidae: 1.3% lamprey (n = 49,790) nearly all of them
were Pacific lamprey;

Beckman (1979) reported collecting 616 total fish, representing
22 species and 10 families, in McNary Reservoir in 1979, including
(by relative abundance):

• Clupeidae: 97.5% American shad (n = 3,860,073);
• Cyprinidae: < 0.1% chiselmouth (n = 521), < 0.1% carp (n = 677),
0.6% peamouth (n = 22,424), < 0.1% northern pikeminnow
(n = 189), < 0.1% redside shiner (n = 102), < 0.1% longnose
dace (n = 1,174), < 0.1% speckled dace (n = 9);

• Acipenseridae: 1.8% white sturgeon (n = 11);
• Clupeidae: 1.8% American shad (n = 11);

• Catostomidae: < 0.1% bridgelip sucker (n = 90), < 0.1% mountain sucker (n = 8), < 0.1% unidentified sucker (n = 1,379);

• Cyprinidae: 10.8% chiselmouth (n = 67), 12.5% carp (n = 77),
0.8% peamouth (n = 5), 11.0% northern pikeminnow (n = 68);

• Ictaluridae: < 0.1% unidentified bullhead (n = 60), < 0.1%
channel catfish (356), < 0.1% tadpole madtom (n = 1);

• Catostomidae: 8.1% bridgelip sucker (n = 50), 18.3% largescale
sucker (n = 113);

• Salmonidae: < 0.1% lake whitefish (n = 3), 0.1% mountain
whitefish (n = 4,345), < 0.1% coho salmon (n = 2), < 0.1%
rainbow trout< 0.1% 16), < 0.1% steelhead trout(n = 5),
< 0.1% sockeye salmon (n = 13), < 0.1% kokanee salmon
(n = 123), < 0.1% Chinook salmon (n = 120);

• Ictaluridae: 0.2% yellow bullhead (n = 1), 0.2% brown bullhead
(n = 1), 19.6% channel catfish (n = 121);
• Salmonidae: 2.3% steelhead / rainbow trout (n = 14), 0.2%
Chinook salmon (n = 1);

• Percopsidae: 0.1% sandroller (n = 2,911);

• Percopsidae: 0.9% sandroller (n = 6);

• Gasterosteidae: < 0.1% stickleback (n = 1,224);

• Cottidae: 0.3% prickly sculpin (n = 2);

• Cottidae: < 0.1% unidentified sculpin (n = 308);

• Centrarchidae: 0.5% pumpkinseed (n = 3), 1.5% smallmouth
bass (n = 9), 0.5% largemouth bass (n = 3), 0.8% white crappie (n = 5), 0.3% black crappie (n = 2); and

• Centrarchidae: < 0.1% pumpkinseed and bluegill (n = 778), < 0.1%
largemouth bass (n = 82), 0.1% unidentified crappie (n = 251),
• Percidae: 0.1% yellow perch (n = 3,846), < 0.1% walleye (n = 7); and

• Percidae: 7.3% yellow perch (n = 45), 0.2% walleye (n = 1).

• Other fish (n = 667) none were identified.

Nelson (1981) captured fish by electrofishing (33.6 hours) gill netting (130 net sets) and beach seining (130 hours) in the lower, middle
and upper sections of McNary Reservoir between September 1979
and August 1980. He captured 11,351 total fish comprised of 12 families and at least 35 species, including (by relative abundance):

During index netting for white sturgeon in McNary Reservoir
in 1999, 2001, and 2002, Ward (2001, 2003, 2004) captured 3,886 total fish, representing at least 18 species and 9 families, comprised of:
• Acipenseridae: white sturgeon (n = 23);

• Petromyzontidae: <0.1% Pacific lamprey (n = 6);

• Clupeidae: American shad (n = 8);

• Acipenseridae: 0.7% white sturgeon (n = 76);

• Cyprinidae: chiselmouth (n = 604), carp (n = 7), peamouth
(n = 287), northern pikeminnow (n = 257), redside shiner
(n = 32);

• Clupeidae: 11.9% American shad (n = 1,352);
• Cyprindae: 6.2% chiselmouth (n = 699), 2.4% carp (n = 274),
5.0% peamouth (n = 567), 8.9% northern pikeminnow
(n = 1,008), 1.1% redside shiner (n = 129);

• Catostomidae: bridgelip sucker (n = 196), largescale sucker
(n = 208);
• Ictaluridae: channel catfish (n = 845);

• Catostomidae: 1.7% bridgelip sucker (n = 191), 3.0% largescale
sucker (n = 343), 3.3% unidentified/hybrid sucker (n = 371);

• Salmonidae: mountain whitefish (n = 7), steelhead / rainbow
trout (n = 1), Chinook salmon (n = 2);

• Ictuluridae: 0.2% black bullhead (n = 25), <0.1% yellow bullhead (n = 2), 3.0% channel catfish (n = 345), <0.1% tadpole
madtom (n = 1);

• Cottidae: unidentified sculpins (n = 18);
• Centrarchidae: smallmouth bass (n = 2), unidentified crappie
(n = 7); and

• Salmonidae: <0.1% lake whitefish (n = 1), 2.2% mountain whitefish (n = 249), <0.1% coho salmon (n = 1), 0.8% rainbow/steel-

• Percidae: yellow perch (n = 1,380), walleye (n = 4).
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Table 5.11

Counts of anadromous fishes migrating up the fish ladders at McNary Dam, 1954–2010. Also shown are the average
counts over the period of record (1954–2010) and the most recent 10-year interval (2001–2010). n / a = not available. Data
from Columbia River Fish Passage Center. http://www.fpc.org/adultsalmon_home.html. (Page 1 of 2.)

Year
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966

Chinook
Total
126,500
108,900
114,300
292,700
226,100
171,500
176,700
155,000
152,800
154,500
168,000
150,900
223,100

Spring
Chinook
52,000
21,300
12,700
99,500
54,900
40,800
52,500
68,500
55,900
52,300
54,300
29,200
87,200

Summer
Chinook
61,000
71,200
90,300
122,600
73,700
75,000
76,900
45,300
52,800
44,800
55,100
45,400
60,800

Fall
Chinook
13,500
16,400
11,300
70,600
97,500
55,700
47,300
41,200
44,100
57,400
58,600
76,300
75,100

Coho
950
640
680
2,900
1,400
2,000
1,600
2,000
3,200
3,100
3,300
2,700
8,500

Sockeye
108,181
173,758
102,145
85,460
102,397
83,977
55,372
16,388
29,372
59,744
83,931
42,052
173,028

Steelhead
75,059
85,575
42,554
105,728
87,890
110,475
96,895
103,743
163,181
113,646
100,742
118,960
145,130

Pink
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

Chum
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

American
Shad
0
0
4
636
48
17
1,147
1,612
12,847
9,015
14,494
39,810
100,366

Pacific
Lamprey
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

195,700
200,400
213,500
168,900
171,400
168,800
184,100
127,800
133,200
163,300
183,591
144,148
95,197
80,781
80,619
102,225
121,841
159,053
277,222
340,721
287,903
243,587
176,398
147,431
114,571
135,707
143,412
128,868
113,354
114,947
162,946
114,604
121,946
191,070
489,784
417,090
420,603

62,600
67,100
70,100
64,000
42,600
69,000
79,100
40,000
32,800
38,500
66,944
68,414
21,153
23,001
32,330
28,352
31,636
27,474
63,324
74,940
60,389
51,157
35,954
44,499
22,527
50,590
59,556
8,987
5,930
17,832
58,236
19,752
13,232
75,483
265,372
133,229
106,673

60,000
60,600
64,000
43,400
59,100
50,500
31,800
25,800
31,700
36,800
32,277
31,589
24,161
18,862
15,141
16,574
16,199
21,201
22,088
25,239
25,353
23,621
24,706
22,246
17,588
14,414
20,374
14,313
13,219
15,102
22,351
17,634
21,618
27,696
77,514
116,747
104,948

73,100
72,700
79,400
61,500
69,700
49,300
73,200
62,000
68,700
88,000
84,370
44,145
49,883
38,918
33,148
57,299
74,006
110,378
191,810
240,542
202,161
168,809
115,738
80,686
74,456
70,703
63,482
105,568
94,205
82,013
82,359
77,218
87,096
87,891
146,898
167,114
208,982

27,200
39,518
53,716
36,399
39,358
45,635
17,682
13,746
4,142
7,539
4,600
20,700
12,800
571
3,736
3,119
2,439
2,823
6,579
1,381
650
2,009
3,383
2,059
2,271
1,801
481
1,735
1,021
1,853
2,580
6,173
4,935
12,178
24,730
3,192
19,830

105,635
101,007
29,787
59,636
52,867
26,422
42,731
26,505
43,143
24,632
80,781
18,511
37,792
44,301
26,644
15,077
40,903
56,894
98,457
46,430
72,069
48,819
41,318
46,146
69,365
68,737
66,485
10,611
8,321
28,585
38,043
9,391
11,794
60,242
97,188
39,177
32,037

77,700
112,522
76,681
69,759
109,630
93,820
64,620
26,932
22,663
54,000
87,712
34,740
50,304
66,524
61,985
75,099
124,996
135,306
188,204
193,472
148,034
152,169
171,467
95,061
168,900
194,026
93,183
111,629
114,821
140,910
146,524
117,564
101,799
161,135
493,168
368,244
296,972

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
0
0
0
0
0
0
0
0
0
0
0
51

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
0
0
0
0
0
0
0
0
0
0
0
1

25,673
26,247
89,402
108,350
41,845
54,176
318,377
58,043
107,583
70,694
432,749
380,727
361,024
275,223
193,373
117,862
417,130
280,785
438,329
307,361
610,042
665,925
1,076,467
866,940
674,483
1,635,089
701,404
668,528
481,081
352,755
340,090
393,305
248,895
350,457
1,063,568
599,294
1,077,680

n/a
1,568
3,069
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
1,281
2,539
11,282
13,325

Table 5.11 continued on next page
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Table 5.11 (concluded) Counts of anadromous fishes migrating up the fish ladders at McNary Dam, 1954–2010. (Page 2 of 2.)
Year
2004
2005
2006
2007
2008
2009
2010
Total
10 yr.
total
Mean
10 yr.
mean

Chinook
Total
382,946
269,103
217,185
178,802
267,979
358,505
462,428

Spring
Chinook
115,179
55,056
48,362
51,890
80,213
113,741
162,685

Summer
Chinook
74,217
66,858
65,960
41,779
65,974
78,319
74,589

Fall
Chinook
193,550
147,189
102,863
85,133
121,792
166,445
225,154

Coho
20,132
19,776
13,333
22,587
21,806
37,270
15,089

Sockeye
89,707
63,540
29,295
18,175
146,924
121,672
278,799

Steelhead
257,274
269,862
226,237
259,746
280,058
516,949
262,527

Pink
0
0
0
0
5
8
n/a

Chum
0
0
0
0
0
0
n/a

American
Shad
1,751,728
1,951,001
1,176,899
985,776
623,010
486,729
n/a

Pacific
Lamprey
5,888
4,158
2,456
3,454
1,530
676
n/a

11,194,667 3,340,992 2,609,071

5,244,604

617,527

3,590,400

8,224,506

64

1

23,066,095

51,226

3,464,425

1,132,400

766,905

1,565,120

197,745

916,514

3,231,037

64

1

9,715,685

45,308

196,398

58,614

45,773

92,011

10,834

62,989

144,290

4

<1

411,895

4,269

346,443

113,240

76,691

156,512

19,775

91,651

323,104

7

<1

1,079,521

5,034

Counts of anadromous fish migrating up the fish ladders at
McNary Dam are shown in Table 5.11. Counts averaged 196,398
Chinook salmon, 10,834 coho salmon, 62,989 sockeye salmon,
144,280 steelhead trout, 4 pink salmon, < 1 chum salmon, 411,895
American shad, and 4,269 Pacific lamprey per year over a 56-year
period of record (1954–2010) (Table 5.11). Counts of Pacific lamprey were available for only 12 years (1968–1969 and 2000–2009) of
the 56-year total and the average reflects just those years in which
counts were made. Counts of pink and chum salmon were available for only 16 years (1993–2009) and their average reflects just
those years in which counts were made. During the most recent
10-year interval (2001–2010) counts at McNary averaged 346,443
Chinook, 19,775 coho, 91,651 sockeye, 7 pink, < 1 chum, 1,079,521
American shad, and 5,034 Pacific lamprey per year.
North et al. (1983) described the distribution and movements
of white sturgeon in McNary Reservoir. The white sturgeon population in McNary Reservoir (including the Hanford Reach of the
Columbia River) was estimated at 5,200 individuals, 70–166 cm TL,
in 1995 (Rien and Beiningen 1997). The population of white sturgeon, 61-182 cm TL occupying McNary Reservoir and the Hanford
Reach was estimated at 8,250 in 1995 (Ward 2004).
Dauble et al. (2003) reported that fall Chinook salmon used
to spawn throughout the McNary reach of the Columbia River
before it became inundated by the reservoir created by the construction of McNary Dam. Currently, spawning is confined to the
Hanford Reach, which is located just above the head of McNary
Reservoir. The Hanford Reach of the Columbia River produces
20–30 million subyearling fall Chinook annually, many of which
rear in McNary Reservoir.
The abundance of northern pikeminnow in McNary Reservoir,
exclusive of the Hanford Reach, was estimated at approximately
57,800 individuals ≥ 250 mm FL (Ward et al. 1995).
The abundance of smallmouth bass in McNary Reservoir, exclusive of the Hanford Reach, was estimated at approximately
15,750 individuals ≥ 200 mm FL (Zimmerman and Parker 1995).
Grey and Dauble (1977) reported that brook lamprey, blue catfish, and ninespine stickleback Pungitus pungitus were known to
inhabit backwater areas of McNary Reservoir, but none of these
species was reported in any recent survey.

The Hanford Reach
(RKM 564.8–635.2)
The 44 mile long Hanford Reach is the last remaining “free flowing”
reach of the Columbia River in the United States above Bonneville
Dam. It extends from the head of McNary Reservoir (RM 353) to
the tailrace of Priest Rapids Dam (RM 397).
The Hanford Reach is the most unaffected and undeveloped
part of the Columbia River in the United States because it has been
closed to the Public since World War II, when the federal government constructed nine top secret plutonium production nuclear
reactors for construction of atomic bombs along the banks of the
Columbia River near Hanford, Washington (Geist 1995).
Today, the Hanford Reach is a remote place that appears much
as it did before 1850. A large portion of it was designated as the
Hanford Reach National Monument in 2000 (Figure 5.27). The
largest remaining population of naturally spawning Chinook
salmon, more than 80% of all fall Chinook in the basin, spawn
in the Hanford Reach. Gravel bars associated with several islands
in the Hanford Reach, and numerous backwater sloughs provide
ideal spawning and rearing habitat for fall Chinook salmon. Locke
Island, located at RKM 595, is the largest island.
The Hanford Reach is, however, not truly free flowing because
discharge through the reach is regulated by releases of water from
upriver dams. Variation in discharge from Priest Rapids Dam during hydroelectric generation can cause the river elevation in the
Hanford Reach to fluctuate by as much as 3 m (9.8 ft) in six hours,
which has the potential to dewater redds or strand Chinook salmon
fry in stagnant pools of water (Tiffan et al. 2002). Also, although the
last nuclear reactor (the N reactor) was shut down in 1987, underground storage tanks on the Hanford nuclear reservation are leaking into ground water and a plume of ground water contaminated
with radioactive waste is slowly flowing toward the Columbia River.
Over the years U. S. weapons production resulted in 43 million
yards of radioactive waste, 130 million yards of contaminated soil and
debris, and 475 billion gallons of contaminated water discharged to
soil (http://yosemite.epa.gov/r10/cleanup.nsf/sites/hanford). Over 80
square miles of ground water is contaminated above the standards for
the protection for ground water. In 1989, the Hanford site was declared
a Superfund Cleanup site, the largest Superfund site in the United
States. Efforts are currently underway to clean up the Hanford site.
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Figure 5.27

B
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(A) Hanford Reach. White Bluffs. Photo courtesy of Eldan Goldenberg, © 2008 all rights reserved. (B) Handford Reach.
Photo courtesy of Bureau of Reclamation, US-PD.
Upriver bright fall Chinook salmon spawn at Vernita Bar, a gravel
bar in the Hanford Reach. The mid Columbia Public Utility Districts
(Chelan, Douglas, and Grant County PUDs) and federal, state, and
tribal fisheries agencies are parties to an agreement (Vernita Bar
Settlement Agreement) that provides sufficient discharge through
the Hanford Reach to protect fall Chinook eggs and alevins that are
incubating under gravel in redds constructed on Vernita Bar and
other gravel bars in the Hanford Reach. This agreement was filed
with the Federal Energy Regulatory Commission on 16 July, 1988.
A second problem in the Hanford Reach was daily flow fluctuations
caused by load following (power peaking) events stranded large numbers of fall Chinook fry in isolated pools along the margins of the river
(Wagner et al. 1999). This problem was addressed by limiting flow fluctuation from Priest Rapids Reservoir by using water stored in Priest Rapids
and Wanapum reservoirs. This resulted in a reduction of peak generating
capacity at both Priest Rapids and Wanapum dams. Grant County PUD
is currently addressing this issue by installing more efficient turbines
at Wanapum Dam. These turbines have an added benefit because they
are considered fish friendly to salmonids produced upstream from the
Hanford Reach that entrain through the powerhouse at Wanapum Dam.
The White Bluffs area of the Hanford reach contains numerous
fossil fishes of Miocene / Pliocene age, including the bones of the
giant 310 lb saber-toothed salmon Oncorhynchus (Smilodonichthys)
rastrosus and the Columbia River muskellunge Esox Columbianus
that reached lengths of over 1,100 mm (43 in) (Smith et al. 2000).
Gray and Dauble (1977) prepared a checklist of fishes captured
in the Hanford Reach of the Columbia River between 1943 and
1974. Most of them were captured in beach seines, gill net, and fyke
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net surveys conducted from 1973–1975. A total of 40 species, representing 12 families, were found, including:

sucker (n = 19), 43.6% unidentified sucker (n = 597);
• Salmonidae: 1.3% lake whitefish (n = 18), 19.9% mountain
whitefish (n = 272), < 0.1% coho salmon (n = 1), 0.9% steelhead / rainbow trout (n = 13), < 0.1% sockeye salmon (n = 1),
1.2% Chinook salmon (n = 17);

• Petromyzontidae: river lamprey, Pacific lamprey;
• Acipenseridae: white sturgeon;

• Centrarchidae: < 0.1% pumpkinseed (n = 1),; and

• Clupeidae: American shad;

• Percidae: 1.1% walleye (n = 15).

• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, longnose dace, leopard dace, speckled dace, redside
shiner, tench;

Pfeifer et al. (2001) sampled the tailrace of Priest Rapids Dam
in 1999 and caught a total of 378 fish, representing 9 families and
18 species, comprised of:

• Catostomidae: bridgelip sucker, largescale sucker, mountain sucker;
• Salmonidae: lake whitefish, mountain whitefish, cutthroat
trout, coho salmon, steelhead / rainbow trout, sockeye
salmon, Chinook salmon, bull trout (called Dolly Varden
trout in their report);

• Clupeidae: American shad (n = 2);
• Cyprinidae: chiselmouth (n = 132), carp (n = 1), peamouth (n = 12),
northern pikeminnow (n = 12), redside shiner (n = 32);

• Percopsidae: sandroller;

• Catostomidae: bridgelip sucker (n = 14), largescale sucker
(n = 121);

• Gasterosteidae: threespine stickleback;
• Gadidae: burbot;

• Salmonidae: mountain whitefish (n = 5), steelhead / rainbow
trout (n = 3), Chinook salmon (n = 15);

• Cottidae: prickly sculpin, mottled sculpin, Piute sculpin, torrent
sculpin, reticulate sculpin [I believe this was a misidentification because the Hanford Reach is far outside the normal
range of this species presented in Lee et al. (1980), and I could
find no specimens of this species preserved as voucher specimens from the Hanford Reach in any museum collection];

• Percopsidae: sandroller (n = 1);
• Gasterosteidae: threespine stickleback (n = 7);
• Cottidae: unidentified sculpin (n = 8) including prickly sculpin and torrent sculpin;

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and

• Centrarchidae: smallmouth bass (n = 1); and
• Percidae: yellow perch (n = 1), walleye (n = 4).

• Percidae: yellow perch, walleye.

Dawley (1996) collected 3,458 total fish, representing 22 species
and 11 families of fishes from the Hanford Reach of the Columbia
River in Benton, Franklin, Grant, and Yakima counties.
• Petromyzontidae: river lamprey (n = 1);
• Clupeidae: American shad (n = 1);
• Cyprinidae: chiselmouth (n = 576), carp (n = 16), peamouth
(n = 190), northern pikeminnow (n = 935), redside shiner
(n = 318);

In July and August 1998, 1999, and 2000, fisheries scientists from the
United States Geological Survey, Biological Resources Division, Western
Fisheries Research Center in Cook, Washington, made beach seine hauls
weekly at 10 stations between RKM 582.0 and 600.5 in the Hanford Reach.
The principal focus of this study was to describe the age 0 resident fish
community in the mainstem and backwater sloughs. During the three
year study, a total of 294,076 fish were caught. The catch included:
• Clupeidae: American shad;
• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, unidentified dace, redside shiner, unidentified minnows;

• Catostomidae: unidentified sucker (n = 661);
• Ictaluridae: unidentified catfish Ictalurus sp. probably channel
catfish (n = 1);

• Catostomidae: unidentified sucker (but bridgelip sucker and
largescale sucker were present);

• Salmonidae: mountain whitefish (n = 14), steelhead / rainbow trout (n = 95), sockeye salmon (n = 27), Chinook
salmon (n = 231);

• Gasterosteidae: threespine stickleback;
• Cottidae: unidentified sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass; and

• Percopsidae: sandroller (n = 14);
• Gasterosteidae: threespine stickleback (n = 19);

• Percidae: yellow perch.

• Cottidae: unidentified sculpin (n = 87);
• Centrarchidae: pumpkinseed (n = 175), bluegill (n = 6), smallmouth bass (n = 83), largemouth bass (n = 6), unidentified
crappie (n = 1); and
• Percidae: yellow perch (n = 60), walleye (n = 1).

Burley and Poe (1994) captured 1,369 fishes comprised of 7 families and 17 species, in the tailrace of Priest Rapids Dam, including
(by relative abundance):
• Acipenseridae: 0.2% white sturgeon (n = 4);
• Clupeidae: 4.9% American shad (n = 67);
• Cyprinidae: 1.5% chiselmouth (n = 21), 0.9% carp (n = 12), 2.3%
peamouth (n = 31), 14.9% northern pikeminnow (n = 204);
• Catostomidae: 0.4% bridgelip sucker (n = 6), 1.4% largescale

Fall Chinook salmon spawn naturally in the Hanford Reach
of the Columbia River. Redds have been counted by making air
flights over the spawning areas and photographing the redds
(Figure 5.28). Between 1948–2005, redd counts have increased from
about 100–200 to 6,000–9,000 annually (Dauble and Watson 1997;
Geist and Dauble 1998; Geist 2000; Geist et al. 2000, 2008; Mueller
2005, 2006a, 2007a, 2008a, 2009a, 2010a).
From 1948–1965, the number of redds counted ranged from
62–1,692 per year. From 1966–1980, counts ranged from 626–4,040
per year. From 1981–1995 counts ranged about 2,873–8,834 per year.
From 1996–2009 counts ranged from 4,018–9,465 per year (Dauble
and Watson 1997; Mueller 2005, 2006a, 2007a, 2008a, 2009a, 2010a,
2010b). See Figure 5.29 for annual redd counts of Chinook salmon
in the Hanford Reach.
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Figure 5.28

Figure 3.__. Number of fall Chinook salmon redds counted in the Hanford Reach of the Columbia River by aerial surveys
conducted by Battelle Pacific Northwest National Laboratory, (PNNL), Richland, Washington, 1948-2010. Data provided by R.P.
Chinook salmon redds on a gravel bar in the Hanford Reach. Each light oval represents one redd. Photograph courtesy of
Mueller (2006a, 2010a).

David Geist, Battelle Pacific Northwest National Laboratory, Richland, Washington.
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Number of fall Chinook salmon redds counted in the Hanford Reach of the Columbia River by aerial surveys conducted
by Battelle Pacific Northwest National Laboratory, Richland, Washington, 1948–2010. Data provided by R. P. Mueller
(2006a, 2010a).
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Fall Chinook spawn throughout the Hanford Reach but redds
are most concentrated near islands (including Locke Island) between Columbia River RKM 584–604. About 20–30 million fall
Chinook salmon are produced annually in the Hanford Reach of
the Columbia River (Ward et al. 2001). They emerge from their
redds, which are located on gravel bars, and move into shoreline
areas or backwaters for a short time before migrating to the ocean
in May to July (Becker 1973, Kay et al. 1994, 1996).
Additionally, fall Chinook salmon are reared at two state hatcheries that are located along the Hanford Reach at Priest Rapids
Dam and Ringold, Washington. Fall Chinook are released from
both hatcheries into the Hanford Reach.
From 2002–2009, a total of 50,266 fall Chinook salmon were
harvested by anglers in the Hanford Reach of the Columbia River
(ODFW / WDFW 2010). During this eight year interval the number of Chinook harvested annually between Hanford and Vernita
Bridge averaged (ranged) 6,283 (4,055–8,082) individuals.
Steelhead trout may also spawn in the Hanford Reach (Eldred
1970; Watson 1973; Mueller and Geist 1999). Gray and Dauble (1976)
collected gravid and ripe females in the Hanford Reach in April and
May and a few young-of-the-year (YOY) juveniles were collected by
electrofishing but not by fyke netting or beach seining. Thus, it appears that the number of steelhead spawning in the Hanford Reach
is limited (Ward et al. 2001). Relatively few steelhead redds were
counted (Watson 1973; Mueller and Geist 1999). No steelhead redds
were observed in 2000–2002, 2004, or 2006; 2–3 were counted in
2003 and 4–5 in 2005 (Mueller and Sackschewsky 2005; Mueller
2006b). No steelhead redds were counted in the Hanford Reach in
2006, 2007, 2008, or 2009 (Mueller 2007b, 2008b, 2009b, 2010b).
Haynes et al. (1978) have described the seasonal movements of
white sturgeon in the Hanford Reach of the Columbia River. Bull
trout were collected from two sites in the Hanford Reach (Gray and
Dauble 1977). Successful natural reproduction of smallmouth bass has
been documented in the Hanford Reach (Montgomery et al. 1980).

Priest Rapids Reservoir (Priest Rapids Lake)
(RKM 635.2–664.0)
Priest Rapids Reservoir is 18 miles long between Priest Rapids
(Columbia River Mile RM 397) (Figure 5.30) and Wanapum (RM 415)
dams. Bathymetry and physical characteristics of Priest Rapids
Reservoir are recorded in Table 5.12. Priest Rapids is a run-of-the-river
reservoir. Water retention time (the amount of time it takes for a particle of water entering at the head of the reservoir to reach Priest Rapids
dam) averages 0.7 days. The reservoir has steeply sloping shorelines.
When water is released at Grand Coulee Dam, it reaches
Chief Joseph Dam, 52 miles downstream from Grand Coulee
Dam, in 2.75 hours; Wells Dam, 29 miles below Chief Joseph Dam,
1.25 hours later; Rocky Reach Dam, 38 miles below Wells Dam,
2.75 hours later, Rock Island Dam, 21 miles below Rocky Reach
Dam, 0.75 hours later; Wanapum Dam, 38 miles below Rock
Island Dam, 1.5 hours later; and Priest Rapids Dam, 18 miles below
Wanapum Dam, 0.75 hours later. Thus, water released at Grand
Coulee effects flows out of Priest Rapids Dam 9.75 hours later
(Grant County PUD 2006).
Priest Rapids Reservoir levels may fluctuate up to 6.5 ft in 24
hours during normal operations. The widest fluctuations are not
related to hydropower operations. Instead, they are related to
non-power operations to reshape flows under the Vernita Bar

Agreement and the Hanford Reach Agreement (See previous section on Hanford Reach for more details about these agreements).
Records of fish distribution in Priest Rapids Reservoir were described by Dell et al. (1975), Mullan et al. (1986), Burley and Poe
(1994), Jearld (1995, 1996, 1997, 2002, 2003, 2004, 2005), Stevens
(1998, 1999), Burley and Poe (2001), Magnotti and Jearld (2002),
Golder Associates (2003a), Turner et al. (2005, 2006), Grant
County PUD (2006), Garner et al. (2007), and Garner and Keeler
(2008). At least 37 species representing 12 families of fishes are
known to occur in Priest Rapids Reservoir, including:
• Petromyzontidae: Pacific lamprey;
• Acipenseridae: white sturgeon;
• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, speckled dace, redside shiner, tench;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;
• Ictaluridae: black bullhead, brown bullhead, channel catfish;
• Salmonidae: lake whitefish, mountain whitefish, cutthroat
trout, coho salmon, steelhead / rainbow trout, sockeye
salmon, Chinook salmon, (spring, summer, and fall runs),
brown trout, bull trout;
• Percopsidae: sandroller;
• Gadidae: burbot;
• Gasterosteidae: threespine stickleback;
• Cottidae: prickly sculpin, torrent sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie;
• Percidae: yellow perch, walleye;

Counts of anadromous fish migrating up the fish ladder at Priest
Rapids Dam are shown in Table 5.13. Counts averaged 59,040 Chinook
salmon, 2,521 coho salmon, 70,657 sockeye salmon, 9,798 steelhead
trout, 15,747 American shad, and 2,506 Pacific lampreys per year over
a 50-year period of record (1960–2010). No pink or chum salmon
have been counted above Priest Rapids dam or the Columbia River.
During the most recent 10-year interval (2001–2010) counts averaged 120,017 Chinook, 6,092 coho, 115,397 sockeye, 20,331 steelhead,
4,334 American shad, and 3,776 Pacific lamprey per year. Although
American shad were counted in the Priest Rapids ladder, none are able
to successfully ascend it, so there are currently (2010) no American
shad present in the Columbia River above Priest Rapids Dam. Bull
trout were also observed ascending the Priest Rapids fish ladder.
From 2000–2002 set lines were used to sample 21 adult white
sturgeon (aged at 16–42 years) in Priest Rapids Reservoir (Porto et
al. 2003). White sturgeon were marked during this study, but too
few fish were recaptured to derive a population estimate. White
sturgeon in Priest Rapids Reservoir were documented to spawn
in the tailrace of Wanapum Dam in each year of the study as evidenced by the collection of eggs and larvae.
Dell et al. (1975) sampled 30 sites in Priest Rapids Reservoir by
beach seining (net dimensions = 150 ft long × 15 ft wide), trap netting, and angling in 1974. A total of 373 fish, representing 10 families and 27 species, were captured in these surveys, comprised of:
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• Petromyzontidae: Pacific lamprey;
• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, unidentified dace, redside shiner, tench;
• Catostomidae: bridgelip sucker, largescale sucker;
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Figure 5.30

(A) Priest Rapids Reservoir, photo courtesy of Pam Culver CC BY-NC-ND 2.0. (B) Priest Rapids Dam. Photo courtesy of U. S. Bureau of Reclamation, US-PD.
Table 5.12

B

Bathymetry and physical characteristics for Priest
Rapids Reservoir (Preist Rapids Lake), RM 365.1.
NFP = normal full pool.

Parameter
Surface elevation (altitude)
Reservoir length
Shoreline perimeter
Average width
Maximum width
Surface area
Mean depth
Maximum depth
Reservoir volume @ NFP
• Ictaluridae: black bullhead, brown bullhead;
• Salmonidae: mountain whitefish, coho salmon, steelhead / rainbow trout, Chinook salmon, bull trout;
• Percopsidae: sandroller;
• Gasterosteidae: threespine stickleback;

English Units

148.7 m
29.8 km
92.5 km
1.02 km
2.40 km
3367 hectares
7.3 m
41.1 m
292,462,850 m³

488.0 ft
18.0 mi
57.8 mi
0.64 mi
1.50 mi
7725 acres
32.2 ft
135.0 ft
237,100 acre-ft

• Cyprinidae: chiselmouth (n = 1), carp (n = 43), peamouth (n = 1),
northern pikeminnow (n = 287), redside shiner (n = 26);
• Catostomidae: longnose sucker (n = 25), bridgelip sucker (n = 19),
largescale sucker (n = 784); unidentified sucker (n = 2,873);

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, black crappie; and

• Salmonidae: lake whitefish (n = 6), mountain whitefish
(n = 45), steelhead / rainbow trout (n = 16), Chinook salmon
(n = 66), sockeye salmon (n = 533), unidentified Pacific
salmon (n = 485);

• Percidae: yellow perch, walleye.

• Gasterosteidae: threespine stickleback (n = 30);

• Cottidae: unidentified sculpins;

WDFW and National Biological Survey (NBS) conducted electrofishing and gillnetting surveys throughout Priest Rapids Reservoir
from April to August 1993 (Burley and Poe 1994). The focus of these
surveys was to capture predatory fishes (northern pikeminnow,
smallmouth bass, and walleye) to assess their food habits. Other
non-target species were also counted. A total of 5,053 fish representing 6 families and 17 species, were caught, comprised of:
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• Centrarchidae: smallmouth bass (n = 92), unidentified crappie
(n = 8); and
• Percidae: walleye (n = 13).

Pfeifer et al. (2001) sampled Priest Rapids Reservoir by boat
electrofishing, beach seine, gill nets, set lines, and minnow trap
from May to October 1999. Two tributaries of Priest Rapids
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Table 5.13

Counts of anadromous fishes migrating up the fish ladders at Priest Rapids Dam, 1960–2010. Also shown are the average
counts over the period of record (1960–2010) and the most recent 10-year interval (2001–2010). n / a = not available. Data
from Columbia River Fish Passage Center. http://www.fpc.org/adultsalmon_home.html.

Year

Chinook Total

Spring
Chinook

Summer
Chinook

Fall Chinook

Coho

Sockeye

Steelhead

American
Shad

Pacific
Lamprey

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

40,100
37,660
38,870
43,700
51,090
51,800
61,900
48,900
48,300
40,750
43,900
36,100
32,700
34,500
32,500
43,770
43,400
47,678
50,530
38,166
38,312
32,600
32,071
30,317
42,700
62,159
68,496
73,155
53,942
49,227
36,289
31,484
37,752
54,566
32,890
30,556
27,263
33,036
29,415
57,041
91,270
138,590
161,507
160,433
134,620
109,429
87,086
65,962
103,966
114,137
124,443

8,300
7,660
7,170
7,400
10,590
5,300
13,700
10,300
10,900
7,750
6,100
6,100
8,800
10,100
11,180
8,170
13,300
21,217
21,427
7,750
11,136
14,787
9,088
10,180
12,662
24,706
21,928
18,775
13,352
11,991
12,302
8,008
20,036
29,342
3,126
1,208
2,597
6,788
4,161
4,900
21,190
51,366
34,279
18,792
14,541
14,663
8,616
7,197
12,798
16,379
31,471

18,800
15,100
17,700
16,300
21,300
21,900
27,500
21,300
22,100
16,900
17,900
17,700
14,800
14,300
13,720
22,200
19,300
19,605
22,580
22,689
18,708
12,381
9,883
9,573
17,372
17,324
17,079
14,573
13,841
20,162
15,976
15,173
9,896
17,176
15,500
12,608
11,316
13,616
13,988
21,413
24,810
56,377
97,781
86,837
72,673
63,125
57,792
31,732
42,616
51,534
50,482

13,000
14,900
14,000
20,000
19,200
24,600
20,700
17,300
15,300
16,100
19,900
12,300
9,100
10,100
7,600
13,400
10,800
6,856
6,523
7,727
8,468
5,432
13,100
10,564
12,666
20,129
29,489
39,807
26,749
17,074
8,011
8,303
7,820
8,048
14,264
16,740
13,350
12,632
11,266
30,728
45,270
30,847
29,447
54,804
47,406
31,641
20,678
27,033
48,552
46,224
42,490

630
90
60
30
80
450
11,500
8,900
13,200
1,350
5,000
7,700
5,300
1,610
1,820
2,180
2,290
370
600
309
218
428
1,808
500
172
219
102
108
62
33
31
22
1
1
0
5
6
26
30
56
374
11,189
1,555
5,216
5,624
1,260
3,813
12,310
6,009
11,293
2,655

58,201
19,541
28,575
64,751
79,167
48,340
170,067
123,786
108,308
39,131
77,523
73,841
44,957
54,480
35,434
55,209
32,810
95,413
17,529
45,662
52,039
51,460
40,451
90,008
113,761
118,541
43,078
76,577
51,135
45,300
46,331
71,245
80,857
82,925
12,385
9,186
29,453
45,412
10,769
16,360
89,547
111,320
47,883
36,551
124,943
74,563
26,710
24,645
196,835
153,466
357,058

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
9,812
4,545
8,409
8,524
8,984
11,144
31,796
26,076
34,701
22,382
14,265
10,208
10,667
7,830
14,027
13,733
5,493
6,705
4,357
8,376
8,948
5,837
8,276
11,273
29,675
15,898
17,652
18,727
12,472
10,408
15,183
16,722
40,093
26,476

0
0
839
29
513
752
736
239
322
3,440
7,100
1,454
2,370
12,572
8,028
6,939
6,435
26,515
21,704
20,196
23,701
20,857
17,971
95,820
25,182
44,093
33,972
40,041
31,780
30,836
23,602
27,638
121,547
15,443
19,643
20,583
10,267
10,314
8,079
4,210
2,502
4,419
4,836
7,067
10,589
10,254
281
1,015
340
295
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
392
595
555
579
1,383
1,130
1,468
1,624
4,007
4,339
2,647
2,598
4,381
6,593
5,083
2,714
n/a

Total

3,011,028

675,579

1,317,011

1,018,438

128,595

3,603,519

499,674

787,360

40,088

10 yr. total 1,200,173
Mean
59,040
10 yr. mean 120,017

210,102
13,247
21,010

610,949
25,824
61,095

379,122
19,969
37,912

60,924
2,521
6,092

1,153,974
70,657
115,397

203,306
9,798
20,331

39,096
15,747
4,344

33,986
2,506
3,776
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Reservoir were also sampled near their mouths by backpack electrofishing within an area confined by block nets. Tributary mouths
sampled in Priest Rapids Reservoir included Hanson Creek and
an irrigation return channel. A total of 3,829 fish, representing 11
families and 34 species were caught, comprised of:

• Salmonidae: lake whitefish, mountain whitefish, cutthroat
trout, coho salmon, steelhead / rainbow trout, sockeye
salmon, Chinook salmon (spring, summer, and fall runs),
brown trout, bull trout;
• Percopsidae: sand roller;

• Acipenseridae: white sturgeon (n = 15);

• Gasterosteidae: threespine stickleback;

• Cyprinidae: chiselmouth (n = 38), carp (n = 61), peamouth
(n = 238), northern pikeminnow (n = 633), redside shiner
(n = 569), speckled dace (n = 633);

• Cottidae: prickly sculpin, torrent sculpin;

• Catostomidae: longnose sucker (n = 11), bridgelip sucker
(n = 27), largescale sucker (n = 981);
• Ictaluridae: black bullhead (n = 3), channel catfish (n = 1);
• Salmonidae: lake whitefish (n = 7), mountain whitefish (n = 17),
cutthroat trout (n = 1), coho salmon (n = 11), steelhead / rainbow trout (n = 17), sockeye salmon (n = 1), Chinook salmon
(n = 158), brown trout (n = 1), bull trout (n = 1);
• Percopsidae: sandroller (n = 134);
• Gadidae: burbot (n = 1);
• Gasterosteidae: threespine stickleback (n = 35);
• Cottidae: unidentified sculpin (n = 413), including prickly
sculpin and torrent sculpin
• Centrarchidae: pumpkinseed (n = 41), bluegill (n = 2), smallmouth bass (n = 180), largemouth bass (n = 6), white crappie (n = 1), black crappie (n = 1); and
• Percidae: yellow perch (n = 187) walleye (n = 9).

Fall Chinook spawn at the head of Priest Rapids Reservoir in
the tailrace area below Wanapum Dam (McMichael et al. 2005).
Redd counts numbered 885 in 2000, 506 in 2001 and 1,370 in 2002
(Mueller 2006).

Wanapum Reservoir (Wanapum Lake)
(RKM 664.0–724.8)
Wanapum Reservoir is 38 miles long between Wanapum (Columbia
River mile RM 415) (Figure 5.31) and Rock Island (RM 453) dams.
Bathymetry and physical characteristics of Wanapum Reservoir are
recorded in Table 5.14. Wanapum Reservoir is classified as a run of-theriver-reservoir. Water retention time averaged 2.6 days. Wanapum reservoir has steeply sloping shorelines. It takes 9 hours for water released
from Grand Coulee Dam to affect flows out of Wanapum Dam (Grant
County PUD 2006). Crab Creek and Douglas / Moses creeks are the principal tributaries that join the Columbia River in Wanapum Reservoir.
Records of fish distribution in Wanapum Reservoir were described by Dell et al. (1975), Mullan et al. (1986), Burley and Poe
(1994), Jearld (1995, 1996, 1997, 2002, 2003, 2004, 2005), Stevens
(1998, 1999), Pfeifer et al. (2001), Magnottie and Jearld (2001),
Golder Associates (2003a), Turner et al. (2005, 2006), Grant
County PUD (2006), Garner et al. (2007), and Garner and Keeler
(2008). At least 34 species, representing 10 families of fishes are
known to reside in Wanapum Reservoir, including:

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, black crappie;

It seems probable that burbot (Family Gadidae) also occur
in Wanapum Reservoir in low numbers because they have been
documented to occur in Priest Rapids Reservoir (the reservoir
immediately downstream of Wanapum Reservoir) and in Rocky
Reach Reservoir (the reservoir upstream of Wanapum Reservoir),
although their presence in Wanapum Reservoir has remained undetected to the present date (2011).
Counts of anadromous fish migrating up the fish ladders at
Wanapum Dam are shown in Table 5.15. Counts are available only for
a 5-year period of record (2006–2010). Prior to this time no counts
were made at Wanapum Dam because no major salmon producing rivers enter the Columbia mainstem between Priest Rapids and
Rock Island dams, so it was thought that Wanapum counts would
be superfluous. Counts at Wanapum Dam between 2006 and 2010
averaged 89,774 Chinook salmon, 6,261 coho salmon, 154,980 sockeye salmon, and 21,978 steelheads. Counts of Pacific lamprey were
unavailable, but their presence in the fish ladder was noted. Bull
trout were also observed ascending the Wanapum fish ladder.
From 2000–2002, set lines were used to sample 22 juvenile and
74 adult white sturgeon, ages 4–37 years, in Wanapum Reservoir
(Golder Associates 2003a). The population (± 95% ci) was estimated at 551 (314–1,460 fish) based on mark / recapture data.
Spawning of white sturgeon was documented to occur in the tailrace of Rock Island Dam in late June–July in each year of the study
as evidenced by collection of eggs and white sturgeon larvae.
Dell et al. (1975) sampled 59 sites in Wanapum Reservoir by
beach seining (150 ft long × 15 ft wide), trap netting, and angling
in 1974. The majority of the sites were located in the vicinity of
Crescent Bar at Columbia River RKM 707.8 (RM 442.4). A total of
17,301 fish, comprising 10 families and 27 species, were captured in
these surveys. Species captured included:
• Petromyzontidae: Pacific lamprey;
• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, unidentified dace, redside shiner, tench;
• Catostomidae: bridgelip sucker, largescale sucker;
• Ictaluridae: black bullhead, brown bullhead;
• Salmonidae: mountain whitefish, coho salmon, steelhead / rainbow trout; Chinook salmon, bull trout;
• Percopsidae: sandroller;
• Gasterosteidae: threespine stickleback;
• Cottidae: unidentified sculpins;

• Petromyzontidae: Pacific lamprey;
• Acipenseridae: white sturgeon;
• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, longnose dace, leopard dace, speckled dace, redside
shiner, tench;
• Catostomidae: longnose sucker, bridgelip sucker, largescale sucker;
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• Ictaluridae: black bullhead; brown bullhead;

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, black crappie; and
• Percidae: yellow perch, walleye.

WDFW and USGS (NBS) conducted electrofishing and gillnet surveys
throughout Wanapum Reservoir from April to August 1993 (Burley and
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Figure 5.31

(A) "Grandfather Cuts Loose the Ponies" is a sculpture of 15 wild horses created by David Goverdale of Chewelah,
Washington that overlooks Wanapum Reservoir near the towns of Vantage and George, Washington. The artwork can be
seen from viewpoints along I-90, about two miles east of the Vantage bridge over the Columbia River. Photo courtesy of
Tony Case, CC-BY-NC-SA 2.0. (B) Wanapum Dam. Photo © 2009 Tim C. Pappas, all rights reserved.
Table 5.14

B

Bathymetry and physical characteristics for
Wanapum Reservoir (Lake Wanapum), RM 453.8.
NFP = normal full pool.

Parameter
Surface elevation (altitude)
Reservoir length
Shoreline perimeter
Average width
Maximum width
Surface area
Mean depth
Maximum depth
Reservoir volume @ NFP

Table 5.15

Metric Units

English Units

174.2 m
60.8 km
151.2 km
0.97 km
2.69 km
5,967 hectares
14.9 m
45.7 m
854,938,850 m³

571.5 ft
38 mi
94.5 mi
0.60 mi
1.7 mi
14,680 acres
50.1 ft
150.0 ft
693,100 acre-ft

Counts of anadromous fishes migrating up the fish ladders at Wanapam Dam, 2006–2010. Also shown are the average
counts over the period of record (2006–2010). Data from Columbia River Fish Passage Center. http://www.fpc.org/adultsalmon_home.html.

Year

Chinook Total

Spring Chinook

Summer
Chinook

Fall Chinook

Coho

Sockeye

Steelhead

2006
2007
2008
2009
2010

87,084
67,995
87,071
99,936
106,786

8,614
7,734
14,584
18,310
32,693

57,792
37,026
41,042
52,849
49,332

20,678
23,235
31,445
28,777
24,761

3,813
10,175
4,616
9,668
3,035

26,710
24,097
197,711
166,195
360,188

10,412
17,348
16,434
36,689
29,005

Total
Mean

448,872
89,774

81,935
16,387

238,041
47,608

128,896
25,779

31,307
6,261

774,901
154,980

109,888
21,978
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Poe 1994). The focus of these surveys was to capture predatory fishes
(northern pikeminnow, smallmouth bass, and walleye) to assess their
food habits. Other non-target species were also counted. A total of 4,460
fish, representing 6 families and 23 species, were caught, comprised of:
• Cyprinidae: chiselmouth (n = 10), carp (n = 20), peamouth
(n = 29), northern pikeminnow (n = 711), redside shiner
(n = 125), tench (n =,9), hybrid minnow (n = 1);
• Catostomidae: bridgelip sucker (n = 64), largescale sucker
(n = 456), unidentified sucker (n = 1,558);
• Salmonidae: lake whitefish (n = 4), mountain whitefish (n = 2),
sockeye salmon (n = 38), steelhead / rainbow trout (n = 17),
unidentified Pacific salmon (n = 1,558);
• Cottidae: unidentified sculpin (n = 4);
• Centrarchidae: pumpkinseed (n = 1), bluegill (n = 10), smallmouth bass (n = 3), largemouth bass (n = 1), unidentified
crappie (n = 9); and
• Percidae: yellow perch (n = 5), walleye (n = 44).

Pfeifer et al. (2001) sampled Wanapum Reservoir by boat electrofishing, beach seine, gill nets, set lines, and minnow traps from
May to October 1999. Nine tributaries of Wanapum Reservoir
were also sampled near their mouths by backpack electrofishing
within an area confined by block nets. Tributary mouths sampled
in Wanapum Reservoir included Johnson, Sand Hallow, Whiskey
Dick, Skookumchuck, Casey, Quillemene, Trinidad, Tarpsican,
and Colockum creeks. A total of 54,743 fish, representing 9 families
and 33 species were caught comprised of:
• Acipenseridae: white sturgeon (n = 27);
• Cyprinidae: chiselmouth (n = 2,379), carp (n = 9), peamouth
(n = 23,040), northern pikeminnow (n = 3,920), longnose
dace (n = 24), leopard dace (n = 2), speckled dace (n = 7),
redside shiner (n = 17,886), tench (n = 9);
• Catostomidae: longnose sucker (n = 36), bridgelip sucker
(n = 126), largescale sucker (n = 3,755);
• Salmonidae: lake whitefish (n = 5), mountain whitefish (n = 5),
sockeye salmon (n = 38), cutthroat trout (n = 2), coho salmon (n = 13), steelhead / rainbow trout (n = 472), Chinook
salmon (n = 108), brown trout (n = 1), bull trout (n = 1);
• Percopsidae: sandroller (n = 465);
• Gasterosteidae: threespine stickleback (n = 1,961);
• Cottidae: unidentified sculpin (n = 383), including prickly
sculpin and torrent sculpin;
• Centrarchidae: pumpkinseed (n = 111), bluegill (n = 1), smallmouth bass (n = 53), largemouth bass (n = 1), black crappie
(n = 11); and
• Percidae: yellow perch (n = 7), walleye (n = 23).

Rock Island Reservoir (Rock Island Pool)
(RKM 724.8–754.4)
Rock Island Reservoir is 33.6 km (21 mi) long between Rock Island
(Columbia River Mile RM 453) (Figure 5.32) and Rocky Reach
(RM 474) dams. Bathymetry and physical characteristics of Rock
Island Reservoir are recorded in Table 5.16. Rock Island Reservoir
is classified as a run-of-the-river reservoir. Water retention time
averages about 1.3 days. The Wenatchee River is the only major
tributary of the Columbia that enters Rock Island Reservoir.
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Rock Island Dam was involved in the Grand Coulee Fish
Maintenance Project (GCFMP). The GCFMP was an attempt to relocate runs of anadromous salmonids bound for areas above the
Grand Coulee dam site into tributaries of the mid-Columbia region (Calkins et al. 1939).
Various species of salmonids, including the largest Chinook salmon
found in the Columbia Basin (called “June Hogs”), coho, sockeye, and
steelhead spawned in the Columbia mainstem below Kettle Falls to
the source of the Columbia River, and in several tributaries (Sanpoil,
Spokane, Colville, Kettle, and Pend Oreille rivers). Grand Coulee Dam,
constructed without a fish ladder, blocked access to 2,240 km (1,400
miles) of spawning habitat in the mainstem and these tributaries.
From 1939–1943, salmon bound for the areas above Grand Coulee
Dam were intercepted by trapping them as they passed up the fish ladders at Rock Island Dam (Fish and Hanaven 1948). The fish were taken
to holding ponds. Some of the adults were eventually transplanted into
streams of the mid-Columbia region (Wenatchee, Entiat, Methow, and
Okanogan rivers and Osoyoos Lake). The remaining adults were held
and spawned at Leavenworth National Fish Hatchery (NFH) on the
Wenatchee River, one of three hatcheries constructed with GCFMP dollars,
the others being the Entiat NFH on the Entiat River and the Winthrop
NFH on the Methow River. The offspring reared at Leavenworth NFH
were transplanted either directly into the Wenatchee, Entiat, Methow, or
Okanogan River sub-basins or into one of these hatcheries in an attempt
to re-establish runs of the various species in those rivers whose native
stocks had been severely depleted by habitat degradation.
Fish and Hanaven (1948) thought that GCFMP was successful
in its goals of salvaging the various species and stocks, but Ricker
(1972) re-evaluated the GCFMP and was more pessimistic about
whether it actually met its stated goals. He pointed out that large
numbers of fish taken to holding areas became diseased and died
before they had a chance to spawn, and that so few adults returned
to the GCFMP rivers and fish hatcheries, that the hatcheries had to
be supplemented with eggs from stocks that had returned to hatcheries in tributaries of the lower Columbia River. Ricker concluded
that the GCFMP salvaged nothing.
Utter et al. (1995) conducted a genetic assessment of Chinook
salmon returning to the Wenatchee, Entiat, Methow, and Okanogan
rivers. These authors found that capture, mixing and relocation of
Chinook salmon during the GCFMP had so thoroughly mixed the
genes of the various fishes that were relocated, that they could barely
distinguish the stocks returning to each river. The fact that they did
find a few distinguishing markers, however, was consistent with the
notion that the stock in each river was undergoing evolutionary adaptation by becoming locally adapted to that river.
Records of fish distribution in Rock Island Reservoir were described by Dell et al. (1975), Mullan et al. (1986), Burley and Poe
(1994), Devore et al. (2006), and West (2000, 2001, 2002). At least
32 species, representing 11 families of fishes are known to reside in
or migrate through Rock Island Reservoir, including:
• Petromyzontidae: Pacific lamprey;
• Acipenseridae: white sturgeon;
• Cyprinidae: chiselmouth, carp, northern pikeminnow, unidentified dace, redside shiner, tench;
• Catostomidae: bridgelip sucker, largescale sucker;
• Ictaluridae: black bullhead, brown bullhead;
• Salmonidae: lake whitefish, mountain whitefish, cutthroat
trout, pink salmon, chum salmon, coho salmon, steel-
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Figure 5.32

(A) Rock Island Rapids before the dam was constructed. Photograph courtesy of Federal Archives, US-PD. (B) Rock Island
Dam. Photo courtesy of Chelan PUD.
Table 5.16

B

Bathymetry and physical characteristics for Rock
Island Reservoir (Rock Island Pool), RM 473.0.
NFP = normal full pool.

Parameter

Metric Units

English Units

Surface elevation (altitude)

186.8 m

613.0 ft

Reservoir length

33.6 km

21.0 mi

Shoreline perimeter

69.1 km

43.2 mi

Average width

0.41 km

0.26 mi

Maximum width

head / rainbow trout, sockeye salmon, Chinook salmon
(spring, summer, and fall runs), bull trout;

0.86 km

0.53 mi

Surface area

1,404 hectares

3,458 acres

Mean depth

10.1 m

33.1 ft

Maximum depth

12.8 m

42.0 ft

140,246,884 m³

113,700 acre-ft

Reservoir volume @ NFP

• Percopsidae: sandroller;

• Salmonidae: mountain whitefish, coho salmon, steelhead / rainbow trout, Chinook salmon, bull trout;

• Gasterosteidae: threespine stickleback;

• Gasterosteidae: threespine stickleback;

• Cottidae: unidentified sculpin;

• Cottidae: unidentified sculpin;

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth, black crappie; and

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, black crappie; and

• Percidae: yellow perch, walleye.

• Percidae: yellow perch, walleye.

It is probable that longnose dace and speckled dace (Family
Cyprinidae), longnose sucker (Family Catostomidae), burbot
(Family Gadidae), and prickly sculpin and torrent sculpin (Family
Cottidae) also reside in Rock Island Reservoir because they occur in reservoirs located both upstream and downstream from the
Rock Island project, but their presence in Rock Island Reservoir
has remained undetected to the present date (2011). Mountain
sucker may use Rock Island Reservoir as a migration corridor.
Dell et al. (1975) sampled 28 sites throughout Rock Island
Reservoir using a 150 ft long × 15 ft deep beach seine in 1974. A total
of 2,245 fish were captured in the survey, comprised of:

Washington Department of Fish and Game and USGS (NBS) conducted electrofishing and gill net surveys throughout Rock Island
Reservoir from April to August 1993 (Burley and Poe 1994). The focus of these surveys was to capture predatory fishes (northern pikeminnow, smallmouth bass, and walleye) to assess their food habits.
Other non-target species were also counted. A total of 4,286 fish,
representing 6 families and 20 species were caught, comprised of:
• Cyprinidae: chiselmouth (n = 146), carp (n = 21), peamouth
(n = 20), northern pikeminnow (n = 624), redside shiner
(n = 2), tench (n = 3), hybrid minnows (n = 3);
• Catostomidae: bridgelip sucker (n = 49), largescale sucker
(n = 509), unidentified sucker (n = 2,191);

• Petromyzontidae: Pacific lamprey;
• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, unidentified dace, redside shiner, tench;

• Salmonidae: lake whitefish (n = 5), mountain whitefish
(n = 28), steelhead / rainbow trout (n = 16), sockeye salmon
(n = 132), Chinook salmon (n = 27), unidentified Pacific
salmon (n = 498);

• Catostomidae: bridgelip sucker, largescale sucker;
• Ictaluridae: black bullhead, brown bullhead;
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• Cottidae: unidentified sculpin (n = 4);
• Centrarchidae: smallmouth bass (n = 5), largemouth bass
(n = 1); and
• Percidae: walleye (n = 15).

Counts of anadromous fish migrating up the fish ladders at Rock
Island Dam since 1977 are recorded in Table 5.17. From 1977–2010, an
average of 51,830 Chinook salmon, 3,073 coho salmon, 69,253 sockeye
salmon, 16,271 steelhead trout, and 1,568 Pacific lamprey adults per
year were counted. For the past 10 years (2001–2010) an average of
94,608 Chinook salmon, 9,139 coho salmon, 111,697 sockeye salmon,
27,895 steelhead, and 1,650 Pacific lamprey were counted. The increase
in numbers of salmonids during the past decade is probably related to
a number of factors, including improvements in downstream passage
and a shift in the climate regime in the Pacific Ocean, making it more
conducive to the survival of Columbia River salmonids.
In addition to the hundreds of thousands of juvenile Chinook,
coho, and sockeye salmon and steelhead trout collected in the juvenile bypass system of Rock Island Dam, a total of 691,391 other fishes
were captured from March 1997 to December 2010 (Fish Passage
Center: http://www.fps.org, queried on 1 March 2011). Eleven families and 35 species were represented in the incidental catch, including:
• Petromyzontidae: 0.9% Pacific lamprey (n = 6,236);
• Acipenseridae: < 0.1% white sturgeon (n = 3);
• Cyprinidae: 0.3% chiselmouth (n = 2,037), < 0.1% carp (n = 13), 0.1%
peamouth (n = 498), 0.3% northern pikeminnow (n = 2,269),
0.3% redside shiner (n = 2,390), < 0.1% longnose dace (n = 234),
< 0.1% speckled dace (n = 11), < 0.1% tench (n = 14);
• Catostomidae: < 0.1% bridgelip sucker (n = 292), < 0.1% largescale sucker (n = 58), < 0.1% mountain sucker (n = 65), < 0.1%
unidentified sucker (n = 44);
• Ictaluridae: < 0.1% unidentified bullhead (n = 53), < 0.1% channel catfish (n = 74);
• Salmonidae: < 0.1% lake whitefish (n = 1), < 0.1% mountain
whitefish (n = 173), < 0.1% cutthroat trout (n = 22), < 0.1%
pink salmon (n = 20), < 0.1% chum salmon (n = 8), < 0.1%%
rainbow trout (n = 180),< 0.1% steelhead trout (n = 7),
< 0.1% sockeye salmon (n = 1), < 0.1% kokanee salmon
(n = 105), < 0.1% Chinook salmon (n = 56), < 0.1% brown
trout (n = 1), < 0.1% bull trout (n = 1);
• Percopsidae: < 0.1% sandroller (n = 27);
• Gasterosteidae: 0.1% threespine stickleback (n = 19,343);
• Cottidae: < 0.1% unidentified sculpin (n = 4,009);
• Centrarchidae: < 0.1% pumpkinseed and bluegill (n = 783), < 0.1%
largemouth bass (n = 80), < 0.1% smallmouth and largemouth
bass (n = 1,241), < 0.1% unidentified crappie (n = 66);
• Percidae: < 0.1% yellow perch (n = 24), < 0.1%walleye (n = 6); and
• Other fish: (n = 40) Other fish that were identified included 5
white sturgeon (previously noted above and 2 no noted).

Sockeye smolts passing downstream or adults passing upstream
from either Lake Osoyoos in the Okanogan River or Lake Wenatchee
on the Wenatchee River are frequently captured in Rock Island
Reservoir. Kokanee, the landlocked (or lake-locked) form of sockeye, that originated from hatchery plants in Lake Roosevelt have also
been detected passing through the juvenile bypass facility at Rock
Island Dam. Hatchery kokanee have had various types of marks or
tags placed on them prior to their release in Lake Roosevelt and some
of these marked or tagged fish were observed at Rock Reach Dam.
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Kokanee from Lake Roosevelt are also much larger (250–500 mm)
than a typical sockeye smolt (120–150 mm). LeCaire (1999) summarized collection reports from the bypass facility at Rock Island Dam,
which captured 986 kokanee and 234 floy-tagged rainbow trout that
were released behind Grand Coulee Dam in 1998 and 1999.
Devore et al. (2000) caught four white sturgeon ranging from
1,440–1,920 mm TL, using set lines, in Rock Island Reservoir in
1998. Three more white sturgeon were captured using set lines in
2002 (Jearald 2005).
From 1986–1999 the number of walleye counted at Rock Island
Dam totaled 1,590 and averaged (ranged) 114 (0–400) walleye per
year. During the same interval the number of peamouth counted
in the Rock Island fish ladder totaled 88,402 and averaged (ranged)
6,314 (1,298–36,612) per year.

Rocky Reach Reservoir (Lake Entiat)
(RKM 758.4–825.3)
Rocky Reach Reservoir (Lake Entiat) is 41.8 miles long between
Rocky Reach (Columbia River Mile RM 474) (Figure 5.33) and
Wells (RM 515.8) dams. Bathymetry and physical characteristics of
Rocky Reach Reservoir are recorded in Table 5.18 . Rocky Reach is
classified as a run-of-the-river reservoir. Average water retention
times is 1.8 days. Surface elevation in Rocky Reach pool normally
fluctuates between 705–707 ft above MSL, with minimum–maximum ranges of 703–710 ft above MSL (Chelan County PUD 2004).
From 1973–2001, the average annual discharge through Rocky
Reach Reservoir averaged 113,700 cfs (Chelan County PUD .2004).
The minimum and maximum discharge recorded during this interval were 25,100 cfs (on November 11, 1973) and 358,000 cfs (on
June 12, 1997) (Chelan County PUD 2004). Two major tributaries
enter the Columbia River reach that is impounded by Rocky Reach
Reservoir, the Entiat River at RM 483 and the Chelan River at RM 503.
Chelan County PUD constructed three hatcheries to compensate for mainstem spawning habitat that was inundated by construction of Rocky Reach Dam, including:
1.

The Chelan Hatchery near the town of Chelan Falls,
Washington;

2.

Rocky Reach Hatchery near Rocky Reach Dam; and

3.

The Turtle Rock Satellite facility located on Turtle Rock
Island, about 3.6 km (2 mi) upstream from Rocky
Reach Dam.

These hatcheries, 2.00 , hatch and raise predominately Chinook
salmon and steelhead trout.
Records of fish distribution in Rocky Reach Reservoir were described by Dell et al. (1975), Mullan et al. (1986), Burley and Poe
(1994), BioAnalysts (2000), Parametrics and University of Idaho
(2000), Duke Engineering (2001), Golder Associates (2003b),
Wydoski and Whitney (2003), and Chelan County PUD (2004).
About 35 species, representing 10 families, have been reported to
occur in Rocky Reach Reservoir, including:
• Petromyzontidae: Pacific lamprey;
• Acipenseridae: white sturgeon;
• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, longnose dace, speckled dace, redside shiner, tench;
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Table 5.17

Year

Counts of anadromous fishes migrating up the fish ladders at Rock Island Dam, Columbia River 1977–2010. Also shown
are the average counts over the period of record (1977–2010) and the most recent 10-year interval (2001–2010). Data from
Columbia River Fish Passage Center. http://www.fpc.org/adultsalmon_home.html.

Chinook Total

Spring
Chinook

Summer
Chinook

Fall
Chinook

Coho

Sockeye

Steelhead

Pacific
Lamprey

1977

47,459

18,582

20,919

7,958

519

90,261

9,925

n/a

1978

46,128

19,228

21,912

4,988

1,229

14,748

3,352

n/a

1979

35,195

6,548

22,609

6,038

465

50,485

7,420

n/a

1980

26,896

7,133

15,950

3,813

784

52,657

7,016

n/a

1981

20,808

7,776

9,674

3,358

827

47,139

7,565

n/a

1982

23,520

7,892

9,488

6,140

1,624

41,111

10,150

n/a

1983

23,608

9,884

9,114

4,610

260

86,424

29,666

n/a

1984

36,873

12,185

17,568

7,120

1,426

109,092

24,803

n/a

1985

55,415

25,848

16,407

13,160

1,093

103,200

31,995

n/a

1986

50,470

21,001

16,742

12,727

476

49,788

22,867

n/a

1987

51,458

18,883

15,374

17,201

1,404

69,868

12,706

n/a

1988

43,306

16,212

15,462

11,632

722

49,177

9,358

n/a

1989

37,632

10,690

18,592

8,350

287

37,360

9,351

n/a

1990

27,199

7,720

14,232

5,247

109

44,143

6,936

n/a

1991

21,519

5,781

11,024

4,714

153

62,119

11,018

n/a

1992

29,921

15,634

9,711

4,576

49

68,359

12,476

n/a

1993

37,197

19,942

13,403

3,852

6

65,630

4,829

n/a

1994

24,362

2,038

13,179

9,145

18

11,367

5,620

n/a

1995

21,560

923

11,319

9,318

1

9,462

4,168

n/a

1996

18,079

2,150

10,272

5,657

0

29,500

7,305

n/a

1997

22,747

6,205

11,574

4,968

5

41,504

7,726

n/a

1998

20,888

3,241

12,854

4,793

0

9,334

4,962

n/a

1999

32,797

4,224

20,136

8,437

12

18,371

8,110

n/a

2000

61,116

16,408

32,307

12,401

1,624

76,515

14,929

822

2001

123,127

41,546

61,930

19,651

10,465

104,847

44,854

1,460

2002

130,491

24,844

90,041

15,606

1,751

44,320

25,632

4,878

2003

132,167

17,634

88,401

26,132

5,869

34,779

28,965

5

2004

97,765

11,876

67,145

18,744

5,982

106,666

33,738

2,362

2005

80,942

12,412

56,476

12,054

6,580

71,226

18,855

2,267

2006

81,776

10,126

63,907

7,743

5,597

35,132

13,466

1,326

2007

47,657

7,638

34,422

5,597

17,152

25,122

18,921

1,300

2008

68,072

13,609

41,267

13,256

8,393

193,739

22,463

880

2009

87,419

18,637

52,022

16,760

21,905

162,830

49,887

375

2010

96,661

31,197

51,238

14,226

7,695

338,310

22,167

n/a

Total

1,762,230

455,647

976,671

329,972

104,482

2,354,585

553,201

15,675

946,077

189,519

606,849

149,769

91,389

1,116,971

278,948

14,853

10 yr. Total
Mean

51,830

13,401

28,726

9,705

3,073

69,253

16,271

1,568

10 yr. mean

94,608

18,952

60,685

14,977

9,139

111,697

27,895

1,650
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Table 5.18

Bathymetry and physical characteristics for Rocky
Reach Reservoir (Lake Entiat), RM 516.3. NFP = normal full pool.

Parameter
Surface elevation (altitude)
Reservoir length
Shoreline perimeter
Average width
Maximum width

Figure 5.33

(A) Rocky Reach fish ladder. Photo courtesy Laura
Lok, © 2010 all rights reserved. (B) Rocky Reach
Dam. Photo courtesy of PTAGIS.

• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;
• Salmonidae: lake whitefish, mountain whitefish, cutthroat
trout, coho salmon, steelhead / rainbow trout, sockeye / kokanee salmon, Chinook salmon (spring, summer, and fall
runs), Atlantic salmon, brown trout, bull trout, brook trout;
• Gasterosteidae: threespine stickleback;
• Gadidae: burbot;
• Cottidae: prickly sculpin, torrent sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, black crappie; and
• Percidae: yellow perch, walleye.

Atlantic salmon that escaped from commercial net pens in Chief
Joseph Reservoir between 1981–1998 were collected at Rocky Reach
Dam (Wydoski and Whitney 2003). However, they have not been
reported for several years, so they probably don’t belong on this list.
Counts of anadromous fish migrating up the fish ladders at
Rocky Reach Dam are shown in Table 5.19. Counts averaged 28,554
Chinook salmon, 965 coho salmon, 45,388 sockeye salmon, 11,704
steelhead trout, and 909 Pacific lamprey per year over a 33-year period of record (1977–2010) (Table 5.19). During the most recent 10year interval (2001–2010), counts averaged 63,510 Chinook salmon,
21,252 steelhead trout, and 925 Pacific lamprey per year (Table 5.19).
From 2000–2006, annual counts of bull trout ascending the Rocky
Reach fish ladder averaged (ranged) 198 (132–318).
In 2001 and 2002 set lines were used to sample 24 white sturgeon in Rocky Reach Reservoir (R L & L 2002; Golder Associates
260

Surface area
Mean depth
Maximum depth
Reservoir volume @ NFP

Metric Units

English Units

2,154.5 m
66.9 km
149.6 km
0.48 km
0.96 km

7,067.0 ft
41.8 mi
91.8 mi
0.30 mi
0.60 mi

3,966 heactares
13.4 m
39.6 m
477,981,250 m³

8,167 acres
43.9 ft
130.0 ft
387,500 acre-ft

2003b). The population (± 95 CI) of white sturgeon in Rocky Reach
Reservoir was estimated at 114 (50–686) based on mark-recapture
data (Golder Associates 2003b).
From 1986–1999, the number of walleye counted passing up the
fish ladder at Rocky Reach Dam totaled 78 and averaged (ranged) 6
(0–20) per year. During the same interval the number of peamouth
counted totaled 27,495 and averaged (ranged) 1,963 (85–3,711) per
year. Walleye are apparently not successfully reproducing naturally
in Rocky Reach Reservoir or any of the other mid-Columbia mainstem reservoirs (Priest Rapids, Wanapum, Rock Island, and Wells
reservoirs) but instead, recruitment of walleye into the mid-Columbia region is suspected to result from young walleye produced
in Lake Roosevelt that entrain through Grand Coulee and Chief
Joseph dams during spring runoff (Zook 1983).
Note that BioAnalysts (2000) also reported that river lamprey,
western brook lamprey, mountain sucker, and sandroller occurred in
the Rocky Reach Project Area. I have not included any of these species
on my list because I found no supporting documentation that they
actually occurred in Rocky Reach Reservoir. Since it is known that
Pacific lamprey pass through a metamorphic stage where they resemble river lamprey, i.e., they initially have two cusps before developing a
third on the supraoral tooth bar, I question whether any river lamprey
actually existed in the Columbia River Basin upstream of Bonneville
Dam. I think it is possible that all of the river lamprey reported in this
region may have represented Pacific lamprey that had not yet developed their third cusp. See Chapter 7 for more details about this.
Dell et al. (1975) sampled 43 sites throughout Rocky Reach
Reservoir by beach seining, trap netting, and angling in 1974. A
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Table 5.19

Counts of anadromous fishes migrating up the fish ladder at Rocky Reach Dam, 1977–2010. Also shown are the average
counts over the period of record (1977–2010) and the most recent 10-year interval (2001–2010). n / a = not available. Data
from Columbia River Fish Passage Center., Portland, Oregon. http://www.fpc.org/adultsalmon_home.html.

Year

Chinook Total

Spring
Chinook

Summer
Chinook

Fall Chinook

Coho

Sockeye

Steelhead

Pacific
Lamprey

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

25,905
19,545
14,891
10,151
10,269
9,196
9,019
14,604
20,829
15,351
15,731
13,260
13,095
9,051
6,677
8,383
11,294
12,065
9,614
9,797
11,352
11,084
22,880
31,693
74,188
98,756
88,008
65,538
56,064
54,600
34,581
48,135
59,348
55,883

6,211
7,317
2,186
2,023
3,593
2,827
3,458
4,063
8,700
4,183
3,480
4,823
3,168
1,909
1,323
2,714
4,128
361
248
569
1,866
816
1,622
5,728
16,438
10,160
4,666
5,099
4,985
5,650
3,344
4,436
7,176
9,183

13,496
9,461
9,986
6,068
4,736
3,511
3,163
6,301
5,912
5,412
4,059
3,692
4,938
4,361
3,274
3,010
4,843
6,176
4,704
5,230
6,308
7,032
11,676
18,831
44,722
75,911
69,362
49,625
44,609
42,978
26,767
31,802
40,192
35,897

6,198
2,767
2,719
2,060
1,940
2,858
2,398
4,240
6,217
5,756
8,192
4,745
4,989
2,781
2,080
2,659
2,323
5,528
4,662
3,998
3,178
3,236
9,582
7,134
13,028
12,685
13,980
10,814
5,912
5,972
4,470
11,897
11,980
10,803

888
1,438
244
713
522
938
237
923
584
456
927
306
150
62
38
84
3
6
0
0
0
0
1
550
1,628
481
993
786
1,225
1,523
4,738
3,726
5,937
2,691

25,648
8,157
28,747
29,906
30,649
17,379
26,079
73,290
54,077
32,908
41,115
34,089
16,175
9,296
27,440
41,804
28,319
1,680
4,988
21,741
30,485
5,682
14,111
57,428
66,222
12,372
30,355
81,338
55,570
25,377
20,683
161,343
133,106
295,638

7,388
2,453
4,896
4,295
5,524
6,241
19,698
17,228
22,690
15,193
7,172
5,678
6,119
5,014
7,741
7,516
2,815
2,818
1,756
5,774
6,722
4,442
5,495
10,746
32,691
18,867
22,413
23,946
13,940
11,125
14,058
18,546
39,079
17,850

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
767
805
1,842
2,521
1,043
404
370
696
368
278
n/a

970,837
635,101
28,554
63,510

148,453
71,137
4,366
7,114

618,045
461,865
18,178
46,187

203,781
101,541
5,994
10,154

32,798
23,728
965
2,373

1,543,197
882,004
45,388
88,200

397,929
212,515
11,704
21,252

9,094
8,327
909
925

Total
10 yr. total.
Mean
10 yr. mean

total of 8,139 fish, representing 8 families and 25 species, were captured in these surveys, including:
• Petromyzontidae: Pacific lamprey;
• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, unidentified dace, redside shiner, tench;
• Catostomidae: bridgelip sucker, largescale sucker;

Washington Department of Fish and Game and USGS (NBS) conducted electrofishing and gill net surveys throughout Rocky Reach
Reservoir from April to August 1993 (Burley and Poe 1994). The focus of these surveys was to capture predatory fishes (northern pikeminnow, smallmouth bass, and walleye) to assess their food habits.
Other non-target species were also counted. A total of 6,547 fish,
representing 8 Families and 26 species were caught, comprised of:

• Ictaluridae: black bullhead, brown bullhead;

• Cyprinidae: chiselmouth (n = 571), carp (n = 141), peamouth
(n = 125), northern pikeminnow (n = 771), redside shiner
(n = 132), tench (n = 8), hybrid cyprinids (n = 9);

• Salmonidae: mountain whitefish, coho salmon, steelhead / rainbow trout, Chinook salmon, bull trout;
• Gasterosteidae: threespine stickleback;

• Catostomidae: longnose sucker (n = 24), bridgelip sucker
(n = 30), largescale sucker (n = 235), unidentified sucker
(n = 3,681);

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, black crappie; and
• Percidae: yellow perch, walleye.

• Salmonidae: lake whitefish (n = 27), mountain whitefish
A. T. Scholz
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(n = 9), coho salmon (n = 1), steelhead / rainbow trout
(n = 83), sockeye salmon (n = 139), unidentified Pacific
salmon (n = 431), bull trout (n = 1), brook trout (n = 1);
• Gasterosteidae: threespine stickleback (n = 2);
• Gadidae: burbot (n = 1);
• Cottidae: unidentified sculpin (n = 47);
• Centrarchidae: smallmouth bass (n = 38), largemouth bass
(n = 2), unidentified crappie (n = 1); and
• Percidae: walleye (n = 35).

Duke Engineering (2001) sampled throughout Rocky Reach
Reservoir using fyke nets, beach seines, minnow traps, and snorkel surveys at seasonal intervals between October 1999 and August
2000. A total of 72,558 fish representing 7 families and 20 species
were caught, comprised (by relative abundance) of:
• Cyprinidae: 1.3% chiselmouth (n = 967), < 0.1% carp (n = 1),
0.2% peamouth (n = 147), 13.3% northern pikeminnow
(n = 9,612), < 0.1% longnose dace (n = 4), < 0.1% speckled
dace (n = 3), 8.2% redside shiner (n = 5,928), < 0.1% tench
(n =24);
• Catostomidae: < 0.1% longnose sucker (n = 18), 0.6% largescale
sucker (n = 398), 35.9% unidentified sucker (n = 26,027);
• Salmonidae: < 0.1% mountain whitefish (n = 10), 0.1% steelhead / rainbow trout (n = 62), 0.8% Chinook salmon (n = 549);
• Gasterosteidae: 33.2% threespine stickleback (n = 24,121);
• Cottidae: < 0.1% prickly sculpin (n = 8), < 0.1% torrent sculpin
(n = 2), < 0.1% unidentified sculpin (n = 4);
• Centrarchidae: < 0.1% bluegill (n = 3), < 0.1% smallmouth bass
(n = 7), < 0.1% largemouth bass (n = 1);
• Percidae: < 0.1% walleye (n = 1); and 35.8% unidentified fry
(n = 26,027).

Since northern pikeminnow are known to prey on salmonids in
the tail races of both Rocky Reach and Wells dams (Burley and Poe
1994), a northern pikeminnow reduction program was begun in both
Rock Island (in 1995) and Rocky Reach (in 1994) reservoirs (West
2000). From 1994–1999, about 75,000 northern pikeminnow were removed from both reservoirs (West 2000). In Rocky Reach Reservoir,
a total of 44,743, averaging (ranging) 6,400 (2,482–9,633) annually,
were captured (West 2000). The catch rates of northern pikeminnow
have declined and the number of northern pikeminnow ascending
the fish ladders at both Rock Island and Rocky Reach dams has declined since the removal program began (BioAnalysts, Inc. 2000). The
number of northern pikeminnow ascending the ladder at Rock Island
Dam was 8,059 (in 1986), 25,580 (in 1987), 27,666 (in 1988), 27,140 (in
1989), 17,624 (in 1990), 16,603 (in 1991), 45,478 (in 1992), 23,980 (1993),
16,627 (in 1994), 11,106 (in 1995), 6,071 (in 1996), 4,068 (in 1997), 4,891
(in 1998), and 3,237 (in 1999) (BioAnalysts, Inc. 2000).
It is uncertain if the reduction observed in northern pikeminnow ascending the fish ladders is related to the removal program or
some other factor because declines were also observed in the number of chiselmouth observed ascending the ladders during the same
time period. The number of northern pikeminnow counted in the
fish ladder at Rock Island Dam averaged 23,195 per year from 1986–
1994 (before pikeminnow removal efforts began) and 5,874 per year
from 1995–1999 (after northern pikeminnow removal efforts commenced). The number of chiselmouth counted in the fish ladders
at Rock Island Dam averaged 51,056 per year from 1986–1994 and
30,789 per year from 1995–1999. Since, chiselmouth, a non-target
262

species in the removal effort exhibited a similar decline to northern
pikeminnow, the decline in northern pikeminnow may be related
to more than just the northern pikeminnow removal program.
Northern pikeminnow counts at Rocky Reach Dam averaged
6,508 per year from 1986–1993 (before pikeminnow removal began) and 3,151 per year from 1994–1999 (after northern pikeminnow removal methods commenced). The number of chiselmouth
counted in the fish ladders at Rocky Reach Dam averaged 24,846
per year from 1986–1993 and 20,779 per year from 1994–1999.

Wells Reservoir (Lake Pateros)
(RKM 825.3–872.0)
Wells Reservoir (Lake Pateros) is 29.2 miles long between Wells
(Columbia River Mile RM 515.8) (Figure 5.34) and Chief Joseph
(RM 545.0) dams. Bathymetry and morphometric characteristics
of Wells Reservoir are recorded on Table 5.20. Wells Reservoir is a
run-of-the-river reservoir. Water retention time is relatively constant,
ranging from 1.0–1.5 days (Kvam et al. 1999). The Columbia River is
joined by the Methow and Okanogan rivers in the Lake Pateros Reach.
Lake Pateros is subdivided into two narrow, fast flowing reaches
with steeply sloping bottoms and coarse bottom substrate near Chief
Joseph and Wells dams, and a broad middle reach near the mouth of the
Okanogan River that is characterized by slower currents, fine grained
bottom substrates (silts and sands), relatively shallow depth and abundant macrophytes. The Okanogan River contains more nutrients than the
Columbia river, about 30–40 μg ⁄ L total phosphorus -v- 10 μg ⁄ L, which
is thought to fuel macrophyte growth in the vicinity of the mouth of the
Okanogan. The discharge of the Okanogan is considerably less than the
discharge of the Columbia River, so, beyond the mouth, the phosphorus
from the Okanogan is rapidly diluted as it enters the Columbia River.
The mean (minimum–maximum) monthly discharge of Wells
Reservoir from 1968–2005 was 109.5 (67.4–159.2) kcfs in January,
111.1 (69.9–180.7) kcfs in February, 108.5 (56.0–193.9) kcfs in
March, 113.5 (51.9–184.9) kcfs in April, 146.8 (55.2–262.6) kcfs
in May, 158.7 (73.7–348.7) kcfs in June, 131.4 (53.4–221.9) kcfs in
July, 105.2 (63.9–181.3) kcfs in August, 78.0 (57.2–123.0) kcfs in
September, 78.1 (56.0–108.9) kcfs in October, 88.7 (63.8–110.0)
kcfs in November, and 102.2 (72.6–149.0) kcfs in December.
Records of fish distribution in Wells Reservoir were described by Dell et al. (1975), McGee (1979), Zook (1983), Mullan
et al. (1986), Burley and Poe (1994), Kvam et al. (1999), Bickford
and Skillingstad (2002), NMFS (2002), BioAnalysts, Inc. (2004),
Douglas County PUD (2006, 2008), Douglas County PUD and
LGL, Ltd. (2008), LGL Ltd. and Douglas County PUD (2008), and
Le and Krestor (2008). At least 32 species, representing 10 families
of fishes are known to occur in Wells Reservoir, including:
• Petromyzontidae: Pacific lamprey;
• Acipenseridae: white sturgeon;
• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, unidentified dace, redside shiner, tench;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;
• Ictaluridae: black bullhead, yellow bullhead, brown bullhead;
• Salmonidae: Lake whitefish, mountain whitefish, coho salmon,
steelhead / rainbow trout, sockeye salmon, Chinook salmon (spring, summer, and fall runs), brown trout, bull trout;
• Gadidae: burbot;
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Figure 5.34

(A) Lake Pateros. Photo courtesy Cheryl Berry, © 2009 all rights reserved. (B) Wells Dam. Photo courtesy Ryan Weaver, ©
2009 all rights reserved.
Table 5.20

B

Bathymetry and physical characteristics for Wells
Reservoir (Lake Pateros), RM 543.6. NFP = normal
full pool.

Parameter
Surface elevation (altitude)
Reservoir length
Shoreline perimeter
Average width
Maximum width
Surface area
Mean depth
Maximum depth
Reservoir volume @ NFP
• Cottidae: prickly sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, black crappie; and
• Percidae: yellow perch, walleye.

Atlantic salmon that escaped from net pens in Rufus Wood
Reservoir were likely present from 1991–1998 since they were recovered at dams downstream of Wells Reservoir and must have
passed through Wells Reservoir to reach them.
Douglas County PUD constructed Wells Hatchery at Wells Dam
to partially mitigate for salmonid losses caused by the construction
of Wells Dam. The hatchery is operated by WDFW and produces
steelhead trout and summer / fall (late-run) Chinook salmon.
Counts of anadromous fish migrating up the fish ladders at
Wells Dam are shown in Table 5.21. Counts averaged 19,110 Chinook
salmon, 333 coho salmon, 45,085 sockeye salmon, and 9,398 steelhead
trout per year over a 33-year period of record (1974–2010) (Table 5.21).
Counts of Pacific lamprey were unavailable until 2001. During the
most recent 10-year interval (2001–2010), counts averaged 45,502
Chinook salmon, 983 coho salmon, 88,405 sockeye salmon, 16,359

Metric Units

English Units

238.0 m
45.6 km
160.0 km
0.82 km
2.41 km

>81 ft
28.5 mi
100.0 mi
0.51 mi
1.51 mi

3,864 hectares
9.4 m
39.8 m
408,535,200 m³

10,280 acres
34.0 ft
157.0 ft
331,200 acre-ft

steelhead trout, and 287 Pacific lamprey per year (Table 5.21). In 2010,
a record number of sockeye (n = 291,764) were counted ascending the
Wells ladder. From 2000–2005, an average (range) of 70 (19–107) bull
trout were counted annually passing up the Wells Dam fish ladder.
Larval Pacific lamprey were collected from the stomachs of 3 of
1,022 northern pikeminnow sampled, 1 of 5 double-crested cormorants (Phalacrocorax auritus) sampled, and 1 of 3 ring-billed gulls
(Larus delawarensis) sampled (Douglas County PUD and LGL, Ltd
2008). Adult Pacific lamprey have been counted since 1998. Between
1998 and 2007, a total of 3,502 lamprey were counted. Counts have
averaged (ranged) 350 (21–1,410) adults during this 10-year interval
(LGL, Ltd., and Douglas County PUD 2008). Of 12 Pacific lamprey
implanted with radio transmitters and released into the middle of
the fish ladder at Wells Dam, 10 successfully ascended the ladder in
a median passage time of 7.9 hours. Of 10 Pacific lamprey released
in the tailrace of Wells Dam, only 1 found the fish ladder entrance
and ascended the ladder in 12.0 hours (LGL, Ltd. and Douglas
County PUD 2008). Le and Koester (2008) surveyed suitable areas
within the Wells hydro-electric project that could potentially support spawning Pacific lamprey but found none.
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Table 5.21

Counts of anadromous fishes migrating up the fish ladder at Wells Dam, Columbia River, 1977–2010. Also shown are the
average counts over the period of record (1977–2010) and the most recent 10-year interval (2001–2010). n / a = not available. Data from Columbia River Fish Passage Center., Portland, Oregon. http://www.fpc.org/adultsalmon_home.html.

Year

Chinook Total

Spring
Chinook

Summer
Chinook

Fall Chinook

Coho

Sockeye

Steelhead

Pacific
Lamprey

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

14,998
11,370
12,290
6,777
6,893
7,769
6,835
11,008
11,883
8,397
7,914
7,863
6,520
5,145
3,680
5,064
7,421
8,266
4,345
3,694
4,461
5,205
10,772
16,160
58,607
77,105
59,346
43,417
40,220
36,615
22,280
31,992
44,026
41,410

4,211
3,615
1,103
1,180
1,935
2,401
2,869
3,280
5,267
2,961
2,346
3,126
1,720
980
787
1,573
2,626
258
107
387
971
30
340
2,587
10,881
7,626
4,702
4,793
4,996
4,376
2,793
3,134
8,174
8,257

7,527
6,419
10,080
4,892
4,276
3,349
2,821
5,941
4,517
4,302
3,137
2,771
3,338
3,424
2,044
1,974
3,574
4,991
3,056
2,390
2,723
3,970
7,876
10,156
38,126
63,007
46,391
32,847
31,735
27,615
16,817
22,435
29,525
28,950

3,260
1,336
1,107
705
682
2,019
1,145
1,787
2,099
1,134
2,431
1,966
1,462
741
849
1,517
1,221
3,017
1,182
917
767
1,205
2,556
3,417
9,600
6,472
8,253
5,777
3,387
6,557
2,670
6,757
6,327
4,203

68
77
62
82
25
355
81
102
90
92
39
78
15
38
16
28
14
3
0
1
8
0
220
0
616
132
168
291
348
409
2,432
1,196
3,014
1,227

21,973
7,458
26,655
26,573
28,234
19,005
27,925
81,054
52,989
34,788
40,109
33,978
15,976
7,972
27,490
41,951
27,849
1,666
4,893
17,701
25,754
4,669
12,228
59,944
74,490
10,586
28,977
78,053
55,559
22,075
22,273
165,334
134,937
291,764

5,382
1,621
3,689
3,369
4,014
7,811
18,848
16,431
19,757
13,234
5,195
4,415
4,608
3,819
7,715
7,073
2,400
2,183
945
4,127
4,107
2,982
4,160
8,067
26,864
15,027
15,915
14,917
9,963
9,247
10,910
13,611
34,370
12,763

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
261
338
1,408
291
212
21
35
7
9
n/a

649,748
455,018
19,110
45,502

106,392
59,732
3,129
5,973

446,996
337,448
13,147
33,745

98,525
60,003
2,898
6,000

11,327
9,833
333
983

1,532,882
884,048
45,085
88,405

319,539
163,587
9,398
16,359

–
–
287
287

Total
10 yr. total
Mean
10 yr. mean

In 2001 and 2002, 13 white sturgeon, 60–202 cm TL were collected in Wells Reservoir and the population (± 95% CI) was estimated at 31 (13–218) based on mark-recapture data (Jearld 2007).
From 1995–2006, Douglas County PUD conducted a northern
pikeminnow removal program that resulted in the removal of
approximately 134,000 northern pikeminnow from the reservoir
(Douglas County PUD 2008).
Dell et al. (1975) sampled 44 sites throughout the reservoir by
beach seining, trap netting, and angling in 1974. A total of 4,221
fish, representing 7 families and 20 species were captured during
the surveys, comprised (by relative abundance) of:
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• Cyprinidae: 9.9% chiselmouth (n = 418), 0.3% carp (n = 13),
4.1% peamouth (n = 173), 21.1% northern pikeminnow
(n = 891), 0.1% unidentified dace (n = 4), 14.3% redside
shiner (n = 604), 0.2% tench (n = 8);
• Catostomidae: 37.8% bridgelip and largescale sucker
(n = 1,596);
• Ictaluridae: 0.2% black bullhead and brown bullhead (n = 8);
• Salmonidae: 2.7% mountain whitefish (n = 114), 0.1% bull trout
(n = 4);
• Cottidae: 5.5% unidentified sculpin (n = 232);
• Centrarchidae: 0.2% pumpkinseed (n = 8), 0.1% bluegill (n = 4),
0.2% largemouth bass (n = 8), 0.4% black crappie (n = 17); and
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• Percidae: 0.9% yellow perch (n = 40), 0.2% walleye (n = 8).

< 0.1% Chinook salmon (n = 2), 0.1% unidentified juvenile
salmonids (n = 6);

McGee (1979) used similar sampling gear as used by Dell et al.
(1975) to sample Wells Reservoir during September and October,
1979. A total of 1,994 fish were captured, representing 7 families
and 16 species, comprised (by relative abundance) of:
• Cyprinidae: 43.5% chiselmouth (n = 867), 0.6% carp (n = 12),
3.0% peamouth (n = 60), 8.1% northern pikeminnow
(n = 162), 0.4% unidentified dace (n = 8), 13.1% redside
shiner (n = 261), 0.5% tench (n = 10);
• Ictaluridae: 1.3% unidentified bullhead (n = 26);
• Salmonidae: 0.3% mountain whitefish (n = 6), 0.3% rainbow
trout (n = 6);
• Cottidae: 0.8% unidentified sculpin (n = 16);
• Centrarchidae: 13.4% pumpkinseed (n = 267), 0.5% smallmouth bass (n = 10), 1.0% black crappie (n = 20); and
• Percidae: 0.1% yellow perch (n = 2).

Washington Department of Fish and Wildlife and USGS (NBS) conducted electrofishing and gill net surveys throughout Wells Reservoir
from April–August 1993 (Burley and Poe 1994). The focus of these
surveys was to capture predatory fishes (northern pikeminnow, smallmouth bass, and walleye) to assess their food habits. Other non-target
species were also counted. A total of 2,973 fish, representing 7 families
and 22 species, were caught, comprised (by relative abundance) of:
• Cyprinidae: 1.5% chiselmouth (n = 45), 2.5% carp (n = 75), 0.5%
peamouth (n = 14), 12.6% northern pikeminnow (n = 375),
1.5% redside shiner (n = 45), 0.1% tench (n = 2);
• Catostomidae: 0.1% longnose sucker (n = 24), 1.5% bridgelip
sucker (n = 46), 10.2% largescale sucker (n = 302), 54.8% unidentified suckers (n = 1,632);
• Salmonidae: 0.2% lake whitefish (n = 7), 1.3% mountain whitefish
(n = 39), 0.7% steelhead / rainbow trout (n = 20), 0.2% sockeye
salmon (n = 6), < 0.1% Chinook salmon (n = 1), 2.0% unidentified Pacific salmon (n = 60), 0.1% brown trout (n = 2);
• Gadidae: 0.1% burbot (n = 3);
• Cottidae: 6.9% unidentified sculpin (n = 207);
• Centrarchidae: 1.6% smallmouth bass (n = 49); and
• Percidae: 0.1% yellow perch (n = 1), 0.6% walleye (n = 17).

Kvam et al. (1999) sampled 42 stations in Wells Reservoir by beach
seining (using a 100 ft long × 6 ft deep seine with a 10 × 10 ft bag in the
middle, made of knotless ¼ inch stretch mesh) and 22 stations were
sampled by making underwater observations using SCUBA or snorkeling gear. A total of 6,373 fish were collected or observed, representing 7
families and 25 species, comprised (by relative abundance) of:

• Catostomidae: < 0.1% longnose sucker (n = 1), < 0.1% bridgelip
sucker (n = 1), 0.5% largescale sucker (n = 29), 38.7% unidentified suckers (n = 2,464);

• Centrarchidae: 0.5% pumpkinseed (n = 33), 19.6% bluegill
(n = 1,249), 2.0% smallmouth bass (n = 130), 0.5% largemouth bass (n = 29), 0.2% black crappie (n = 13); and
• Percidae: < 0.1% yellow perch (n = 2), 0.2% walleye (n = 13).

Chief Joseph Reservoir (Rufus Woods Lake)
(RKM 873.0–957.4)

• Catostomidae: 13.0% unidentified sucker (n = 259);

• Cyprinidae: 0.3%% chiselmouth (n = 22), 5.2% carp (n = 329),
4.8% peamouth (n = 304), 7.9% northern pikeminnow
(n = 508), 18.1% redside shiner (n = 1,156), 0.1% tench (n = 2);

• Cottidae: 2.7% unidentified sculpin (n = 171);

Chief Joseph Reservoir (Rufus Woods Lake) is 52 miles long between
Chief Joseph (Columbia RM 545) (Figure 5.35) and Grand Coulee
(RM 597) dams. Chief Joseph Dam was completed in 1955. In 1977 modifications to the dam raised the surface elevation of Rufus Woods Lake
by about 3 m (10 ft) (Erickson et al. 1977). After this rise the reservoir
volume was 518,000 acre ft, the surface area was 8,400 acres, and the
mean depth was 71 ft. Bathymetry and morphometric (physical) characteristics of Chief Joseph Reservoir are recorded in Table 5.22. The
south (left) bank of the reservoir is in Douglas County, the north (right)
bank is in Okanogan County. The north bank of the reservoir forms the
southern boundary of the Colville Indian Reservation. The Nespelem
River enters Chief Joseph Reservoir at Columbia RKM 931.4 (RM 582.1).
Chief Joseph is classified as a run-of-the-river reservoir. Water
retention time generally is about 2.2–2.5 days at the mean annual
rate of discharge (114,400 cfs) and ranges from about 1.2–4.0 days
(Erickson et al. 1977).
Chief Joseph Reservoir produces few phytoplankton and zooplankton on account of its short retention time (because phytoplankton do not have time to assimilate nutrients). Instead phytoplankton and zooplankton levels observed in the reservoir was most
likely a result of outwash from Lake Roosevelt (Erickson et al. 1977).
Several other limnological measurements indicated that the
productivity of Chief Joseph Reservoir is low. Secchi disk transparency averages (ranges) about 3.3 (1.3–6.0) m over the course of a year.
Conductivity levels were low, ranging from about 72–190 μmhos ⁄ cm.
Chlorophyll a ranged from about 0.68–10.35 mg ⁄ L. Periphyton
growth was also low owing to the fact that the reservoir shoreline is
characterized by steeply sloping shorelines composed of basalt and
granite cliffs that plunge vertically to depths that exceeded the euphotic zone depth of the reservoir (3.4–18.0 m) (Erickson et al. 1977).
Little thermal stratification was evident in Chief Joseph Reservoir
owing to the turbulent mixing of its waters. Instead, temperature
profiles in every month showed a relatively uniform temperature in
the surface and bottom waters that ranged from 2.0–18.0°C over the
course of the year. Dissolved oxygen levels averaged 114% of saturation and generally ranged from about 14.4–15.2 mg ⁄ L. The pH ranged
from about 7.5–8.2 over the course of a year (Erickson et al. 1977).
Records of fish distribution in Chief Joseph Reservoir were described by Laumeyer (1972), Erickson et al. (1997), LeCaire (1999,
2000), Devore et al. (2000), Beeman et al. (2003), and Gadomski
et al. (2004). At least 28 species representing 10 families were documented to occur in Chief Joseph Reservoir, including:
• Acipenseridae: white sturgeon;

• Ictaluridae: 0.1% yellow bullhead (n = 4), < 0.1% brown bullhead (n = 1);

• Cyprinidae: carp, peamouth, northern pikeminnow, speckled
dace, redside shiner, tench;

• Salmonidae: < 0.1% lake whitefish (n = 2), < 0.1% mountain
whitefish (n = 3), < 0.1% steelhead / rainbow trout (n = 3),

• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;
A. T. Scholz
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A

Figure 5.35

(A) Lake Rufus Woods. Photo courtesy Cheryl Berry, © 2009 all rights reserved. (B) Chief Joseph Dam. Photo courtesy of
U. S. Army Corps of Engineers, US-PD.
Table 5.22

B

Bathymetry and physical characteristics for Chief
Joeseph Reservoir (Lake Rufus Wood), RM 596.6.
NFP = normal full pool.

Parameter

Metric Units

English Units

Surface elevation (altitude)

291.4 m

956.0 ft

Reservoir length

82.4 km

51.5 mi

Shoreline perimeter

170.6 km

106.0 mi

Average width

0.50 km

0.3 mi

Maximum width

0.79 km

0.5 mi

Surface area

3,287 hectares

8,122 acres

Mean depth

20.2 m

66.2 ft

Maximum depth

60.9 m

200.0 ft

638,953,000 m³

518,000 acre-ft

Reservoir volume @ NFP
• Ictaluridae: brown bullhead;

• Gadidae: burbot; and

• Salmonidae: lake whitefish, mountain whitefish, rainbow
trout, kokanee salmon, Chinook salmon, brown trout, bull
trout, brook trout;

• Percidae: yellow perch, walleye.

• Gasterosteidae: threespine stickleback;
• Gadidae: burbot;
• Cottidae: prickly sculpin, torrent sculpin;
• Centrarchidae: smallmouth bass, black crappie; and
• Percidae: yellow perch, walleye.

Laumeyer (1972) sampled 6 families and 15 species in Rufus
Woods Reservoir in 1972, including:
• Acipenseridae: white sturgeon;
• Cyprinidae: chiselmouth, carp, peamouth, northern
pikeminnow;
• Catostomidae: bridgelip sucker, largescale sucker, unidentified sucker;
• Salmonidae: mountain whitefish, rainbow trout, kokanee
salmon, brown trout;
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Erickson et al. (1977) sampled Chief Joseph Reservoir, including the Nespelem River and Coyote Creek during a 16-month interval in 1974 and 1975 using a combination of horizontal gill nets,
vertical gill nets, beach seines, set lines, and backpack electrofishing. A total of 2,902 fish were sampled representing 23 species and
8 families of fishes. The catch included (by relative abundance):
• Acipenseridae: < 1% white sturgeon (n = 1);
• Cyprinidae: 1.6% chiselmouth (n = 45), 0.8% carp (n = 24), 12.4%
peamouth (n = 360), 34.3% northern pikeminnow (n = 996),
3.7% speckled dace (n = 108), 1.8% redside shiner (n = 52);
• Catostomidae: 0.7% longnose sucker (n = 21), 3.8% bridgelip
sucker (n = 109), 16.4% largescale sucker (n = 475);
• Salmonidae: 1.3% lake whitefish (n = 37), 2.9% mountain
whitefish (n = 83), < 1% cutthroat trout (n = 1), 1.0% rainbow
trout (n = 29). 1.1% kokanee salmon (n = 32), < 1% bull trout
(n = 1), 1.0% brook trout (n = 29);
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• Gadidae: < 1% burbot (n = 1);
• Cottidae: 5% prickly sculpin (n = 145), 0.6% torrent sculpin
(n = 17);
• Centrarchidae: < 1% black crappie (n = 1); and
• Percidae: 3.2% yellow perch (n = 92), 8.4% walleye (n = 243).

Beaman et al. (2003) and Gadomski et al. (2004) conducted
electrofishing (67 hours) and beach seining (78 hours) surveys in
Chief Joseph Reservoir in 1998 and 1999. Both studies reported
the same data. A total of 8,562 fish were captured, representing 22
species and 8 families of fishes, including (by relative abundance):
• Cyprinidae: 1% carp (n = 84), < 1% peamouth (n = 24), 6%
northern pikeminnow (n = 515), 14% redside shiner
(n = 1,170), < 1% tench (n = 35), < 1% unidentified cyprinids
(n = 19);
• Catostomidae: 20% longnose sucker (n = 1,715), 6% bridgelip
sucker (n = 493), 5% largescale sucker (n = 428), 11% unidentified sucker (n = 960);
• Ictaluridae: < 1% brown bullhead (n = 1);
• Salmonidae: 1% mountain whitefish (n = 100), 14% rainbow trout
(n = 1,237), 2% kokanee salmon (n = 167), < 1% brown trout
(n = 38), < 1% bull trout (n = 2), < 1% brook trout (n = 23);
• Gadidae: 1% burbot (n = 53);

pass system at Rocky Reach Dam, 120 were recaptured as they passed
through the juvenile bypass system at Rock Island Dam, three were
recaptured at Wanapum Dam, 24 were recaptured at McNary Dam,
7 were recaptured at John Day Dam, 1 was recaptured at Bonneville
Dam, 15 were collected from guano deposits at a Caspian tern breeding
colony located on Rice Island in the Columbia River estuary and one
was harvested by a sport angler who was fishing near the mouth of the
Columbia River (Underwood and Shields 1996a, 1996b; Chichoz et al.
1997, 1999; Summarized by Scholz and McLellan 2010).
A naturally reproducing stock of kokanee salmon that spawn in the
Nespelem River below a barrier falls at RKM 2.4 (RM 1.5) has been documented to make adfluvial migration into Rufus Woods Lake. Sexually
mature adult kokanee returning to the Nespelem River were monitored
annually in 1995 (n = 35–100), 1996 (n = 18), 1997 (n = 6), 1998 (n = 70–
100), and 1999 (n = 389) (LeCaire 1999). Other fish species present in
the Nespelem River included dace (Rhinichthys sp.), whitefish, rainbow
trout, brown trout, brook trout, and unidentified sculpin (LeCaire 2000).
Although, threespine stickleback have not been reported in any
survey to date, they have been recovered from the stomach contents of other predatory fishes in the reservoir (B. Nine, Colville
Confederated Tribes, Department of Fish and Wildlife, Nespelem,
Washington, pers. comm.).

Grand Coulee Reservoir (Lake Franklin D. Roosevelt)
(RKM 954.4–1,195.2)

• Cottidae: 9% unidentified sculpin (n = 736);
• Centrarchidae: 1% smallmouth bass (n = 75); and
• Percidae: 1% yellow perch (n = 70), 7% walleye (n = 564).

The Lake Rufus Woods fish assemblage is likely greatly influenced
by downstream migrating fish from Lake Roosevelt entrained through
Grand Coulee Dam (LeCaire 2000). Results of a 4-year (42 month)
entrainment study, that used single beam hydroacoustics to detect fish
targets that passed through the power house at Grand Coulee Dam,
revealed that the average entrainment numbered 403,000 fish annually and totaled 1,610,721 total fish during a 4-year interval (1996–1999)
(LeCaire 1999). Experimental gill nets set in the forebay of Grand
Coulee Dam captured 53% kokanee salmon, 30% rainbow trout, 4%
lake whitefish, 2% walleye, 1% Chinook salmon, < 1% yellow perch,
and < 1% burbot (LeCaire 1999), indicating that the total number of
fish entrained could be multiplied by the decimal percentages of these
species to provide some idea about what species were represented by
the hydroacoustic targets. (The Chinook salmon most likely were fish
stocked in Lake Coeur d’Alene, Idaho by IDFG, that entrained down the
Spokane River into Lake Roosevelt. Chinook have been recorded from
all reservoirs in the Spokane River). It is unknown how many of the
fish continue migrating downstream and entrain through Chief Joseph,
Wells, and Rocky Reach dams and how many residualized in Chief
Joseph, Wells, or Rocky Reach reservoirs and contributed to sport fisheries in those reservoirs. It is known that some of these fish, notably
kokanee and rainbow trout, continued migrating downstream as far as
Rocky Reach Dam, McNary Dam, and Bonneville Dam. LeCaire (1999)
summarized data collected by the juvenile bypass facility at Rock Island
Dam, which documented the capture of 986 kokanee salmon and 234
Floy-tagged rainbow trout that were released into Lake Roosevelt in
1998 and 1999. In 1995, 1996, and 1997, a total of 47,831 Floy-tagged
rainbow trout were released at two net pen sites in Lake Roosevelt
(Kettle Falls and Seven Bays). Of these, 373 were captured by anglers
fishing in Lake Roosevelt, 7 were captured by anglers in Chief Joseph
Reservoir, 14 were recaptured as they passed through the juvenile by-

Lake Roosevelt is a mainstem Columbia River impoundment
formed by completion of Grand Coulee Dam in 1941. The reservoir extends from Grand Coulee Dam [RKM 954.4 (RM 596.5)] to
the international border [RKM 1,195.2 (RM 747)]. Lake Roosevelt is
243.5 km (152.2 mi) long, has a maximum width of 3.1 km (1.9 mi),
and a shoreline perimeter of 1,048 km (655 mi) (Stober et al. 1981).
It’s mean depth is 36.0 m (118.1 ft) and maximum depth is 122.3 m
(401.2 ft). A map and photographs of Lake Roosevelt are shown respectively in Figures 5.36 and 5.37. Bathymetric and morphometric
characteristics of the reservoir are shown in Table 5.23.
Lake Roosevelt is the largest reservoir in Washington and the sixth
largest reservoir in the United States. Grand Coulee Dam is the largest
producer of hydropower in the United States and third largest in the
world. Grand Coulee Dam is a United States Bureau of Reclamation
storage project, operated primarily for power, flood control, and irrigation, with secondary operations for recreation, fish and wildlife.
Average (minimum–maximum) discharge of the Columbia River
at the international border (USGS gauge # 12399500) was 98,930
(18,000–550,100) CFS over a 72 period of record (water years 1938–
2009). Water retention time is the time it takes for a water molecule to
travel from the head of the reservoir to over the dam. Lake Roosevelt
has a short water retention time in comparison to most storage reservoirs. The mean (range) in monthly water retention time from 1989–
2008 was 45.4 (26.2–68.5) days. The daily water retention time over
the same period has varied from 8.8–155.6 days.
Major tributaries to Lake Roosevelt include the Columbia,
Spokane (RKM 1,022, RM 639, left bank) and Kettle rivers (RKM 1,130,
RM 706, right bank), which contribute an average of 89, 7, and 3 percent of the inflow to the lake respectively (Stober et al. 1981). Other
important tributaries include the Colville (RKM 1,119, RM 699.5, left
bank) and Sanpoil (RKM 984, RM 615, right bank) rivers, and Sherman
(RKM 1,120, RM 760, right bank), Barnaby (RKM 1,098, RM 686, right
bank), Hall (RKM 1,084, RM 678, right bank), Nez Perce (RKM 1,058,
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Figure 5.36

Lake Franklin D. Roosevelt (Lake Roosevelt), the reservoir of Grand Coulee Dam. Geographic information system data courtesy of Washington Department of Ecology.
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A

B

C

Figure 5.37

(A) Grand Coulee Dam; (B) Terraced hillsides along the shoreline of Lake Roosevelt represent ancient stable shoreline
levels of Glacial Lake Columbia; and (C) Whitestone Rock (a distinctive landmark in Lake Roosevelt).
A. T. Scholz
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Table 5.23

Bathymetry and physical characteristics for Grand
Coulee Reservoir, RM 596.5. NFP = normal full pool.

Parameter

Metric Units

English Units

Surface elevation (altitude)

393.2 m

1,290 ft

Reservoir length

243.0 km

150.0 mi

Shoreline perimeter

961.0 km

600.0 mi

Average width

1.3 km

0.8 mi

Maximum width

3.1 km

1.9 mi

Surface area

33,490 hectares

80,000 acres

Mean depth

36.0 m

118.1 ft

Maximum depth
Reservoir volume @ NFP

122.3 m

401.2 ft

11,794,727,000 m³

9,562,000 acre-ft

RM 661, right bank), Hunters (RKM 1,054, RM 659, left bank), Alder
(RKM 1,053, RM 657, left bank), Orapaken (RKM 1,046, RM 654, left
bank), Wilmont (RKM 1,046, RM 653, right bank), Hawk (RKM 1,014,
RM 634, left bank), and Qui Qui (RKM 996, RM 604, right bank) creeks.
Grand Coulee Dam blocked access of anadromous coho, sockeye, and Chinook salmon, steelhead, trout, white sturgeon, and
Pacific lamprey to 1,824 linear kilometers (1,140 linear miles) of
spawning and rearing habitat in the Upper Columbia River drainage, including the Sanpoil, Spokane, Colville, Kettle, Pend Oreille,
and Kootenai rivers (Chapman 1940; Stober et al. 1979; NPPC 1987).
This represented nearly one quarter of all the spawning and rearing
habitat in the entire Columbia Basin.
Lake Roosevelt is classified as a meso-oligotrophic or oligomesotrophic based on a 10-year average 6.1 m secchi disk visibility,
1.1 mg ⁄ m³ chlorophyll a concentration, and Carlson’s trophic index values of 20–42. Despite its relatively low primary productivity,
it supports abundant zooplankton (10 year average = 1,869 µg ⁄ m³),
comprised of 54% large-sized Daphnia (Table 5.24). The annual
average size of Daphnia has remained relatively constant at about
1.4–1.5 mm despite intensive size selective predation by rainbow
trout and kokanee salmon added to the lake from hatcheries.
Total phosphorus levels in Lake Roosevelt and Rufus Woods
Lake declined from about 30 µg ⁄ L in the 1980s, to 10 µg ⁄ L by 1995.
Orthophosphate, the portion of total phosphorus that contributes to
growth of phytoplankton and macrophytes declined in the 1980s to
less than detection limits by 1995. This shifted the trophic status of the
reservoir from mesotrophic (moderate levels of phytoplankton and
macrophytes) to oligotrophic (low levels of phytoplankton and macrophytes). This decline was likely due to reduced phosphorus discharge
into the Columbia River by a fertilizer plant (Cominco, Ltd.) near Trail,
British Columbia. During the 1980s as much as 8,000 kg of phosphorus
per day were loaded into the Columbia River from the plant. By 1995,
the amount loaded into the Columbia had dropped to near 0.
Flood control operations at Grand Coulee Dam annually reduce reservoir water elevation by as much as 24 m (78.7 ft) between
January and June to create room for peak spring discharge. Spring
drawdown events decrease the volume of the reservoir by an average
of 55% and its surface area by 45% annually (Beckman et al. 1985).
Full pool elevation (393 m) is usually achieved by early July. Lake
Roosevelt also experiences an August drawdown of 3.0 m to facilitate
adult anadromous fish migration through the lower Columbia River.
Late winter and spring drawdown limits benthic production in
Lake Roosevelt. At peak drawdown the water level is typically below
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the level of the previous summer euphotic zone, eliminating virtually the entire littoral community of the reservoir (Black et al. 2003).
Benthic productivity does not begin until mid summer because littoral organisms cannot overwinter in the reservoir, and periphyton
and macrophytes that begin to recolonize at the winter low water
mark find themselves below the euphotic zone once the water returns to full pool in July. Significant benthic production usually does
not occur until mid-August. Consequently, the productivity of Lake
Roosevelt is largely driven by limnetic phytoplankton production
and corresponding zooplankton production.
Black et al. (2003) conducted a carbon and nitrogen stable isotope assessment of the aquatic food web in Lake Roosevelt in 1999
and 2000. The purpose of this study was to investigate the carbon and
nitrogen stable isotope signatures of 33 common aquatic organisms in
Lake Roosevelt. Carbon isotope signatures were used to indicate the
relative importance of limnetically and benthically fixed carbon in the
diet of each species. Nitrogen isotope signatures were used to identify
the trophic level occupied by each species. In most water bodies there
are two distinctive food chains. One for limnetically fixed carbon
where ¹²C is fixed by phytoplankton, which is preyed on by zooplankton, which are, in turn, preyed on by planktivorous fish, which are
preyed on by piscivorous fishes. The other for benthically fixed carbon,
where ¹³C is fixed by periphyton growing on rocks on the lake bottom, which is preyed on by aquatic insects and other benthic organisms, which are, in turn, preyed on by benthivorous fishes, which are
preyed on by piscivorous fishes. Black et al. (2003) found a truncated
benthic food chain in Lake Roosevelt, with only two types of organisms present, periphyton and snails. All 31 other species appeared to be
part of the limnetic food chain. Even fishes that are usually considered
obligate benthivores (e.g., carp, suckers, lake whitefish, and sculpins)
appeared to be part of the limnetic food chain, having collected more
than 65% of their carbon from limnetic sources.
In Lake Roosevelt suckers have become facultative planktivores.
Suckers were routinely observed swimming at the surface in embayments feeding zooplankton trapped in foam lines (Black et al.
2003). About 98% (by number) of the identifiable food items in
the diet of largescale suckers were zooplankton, primarily Daphnia
(McLellan 2003; Lee 2003; Scofield et al. 2004).
At least 78 fish surveys were conducted in Lake Roosevelt between 1949 and 2010. These included investigations performed by
Gangmark and Fulton (1949), Earnest et al. (1965), Fulton and Laird
(1967), Snyder (1967), WWP (1973), Stober et al. (1977), Harper et al.
(1981), Nigro et al. (1982), Beckman et al. (1985), Brannon and Setter
(1988, 1992), Peone et al. (1991), Griffith and Scholz (1992), Griffith et
al. (1993), Thatcher et al. (1993), Thatcher et al. (1994), Underwood
and Shields (1996, 1997), Underwood et al. (1996), Scholz (1996, 1997),
Cichosz et al. (1997, 1999), LeCaire (1997, 1998, 1999, 2000), McLellan
et al. (1998, 1999, 2001, 2003, 2005, 2006, 2007, 2008, 2009, 2010),
Baldwin et al. (1999, 2005), Devore et al. (2000), Spotts et al. (2003),
Miller (2001, 2003, 2006a, 2006b), Baldwin and Polacek (2002), Lee et
al. (2003, 2006, 2010), McLellan and Scholz (2001, 2002, 2003, 2004),
Scofield et al. (2004, 2007), Baldwin and Woller (2006a, 2006b, 2006c,
2006d, 2006e), Fields et al. (2004), Pavlik-Kunkel et al. (2005, 2008),
WDFW-FWIN (2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011),
Howell and McLellan (2007b, 2008), Stroud et al. (2010a, 2010b),
Miller et al. (2011), and Blake et al. (2011). See Table 5.25 for a description of how many of each species were captured in each survey, and
the total number and relative abundance of each species captured in
all of the surveys combined.
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Table 5.24

Year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
Average

Mean annual Daphnia biomass at 8 locations in Lake Roosevelt, including 6 sites in the mainstem and one each in the
Spokane and Sanpoil Arm.
Spring Canyon Keller Ferry Seven Bays
3,250
14,509
3,529
2,801
4,143

1,900
3,627
1,649
3,161
515

1,320
5,672
3,128
3,207
2,658

6,383
5,566
6,738
3,512
4,212
9,242
4,165
5,671

1,615
4,283
3,786
3,873
2,951
4,778
4,321
3,038

1,891
4,673
1,940
6,192
911
5,769
5,217
3,548

Hunters

Gifford

380
1,097
5,310
595
910

350
123
684
438
398

10,783
3,179

460
3,817
1,307
769
230
543
4,023
1,095

Kettle Falls Sanpoil River Spokane River
10
85
107
60
22

1,221
251

109,980
15,418
3,026
2,609
7,180

5,380
24,499
4,479
2,999
5,826

19,395
26,268

8,718
14,190
10,493
8,615
5,555
6,443
12,549
9,146

Reference
1
2
3
4
5
6
7
8
9
10
11
12
13

References: ¹ Cichosz et al. (1997); ² Cichosz et al. (1999); ³ Spolts et al. (2002); ⁴ McLellan et al. (2003); ⁵ Lee et al. (2003); ⁶ Scofield et al. (2004);
⁷ Fields et al. (2004); ⁸ Pavlik-Kunkel et al. (2005); ⁹ Lee et al. (2006); ¹⁰ Scofield et al. (2007); ¹¹ Pavlik-Kunkel et al. (2008); ¹² Lee et al. (2010);
¹³ Miller et al. (2011).

During these surveys a total of 311,159 fish were captured, comprised of 10 families and at least 43 species, including (by relative
abundance):
• Acipenseridae: 0.4% white sturgeon (n = 1,284);
• Cyprinidae: < 0.1% chiselmouth (n = 88), < 0.1% lake chub (n = 5),
1.2% carp (n = 3,724), 0.5% peamouth (n = 1,652), < 0.1%
golden shiner (n = 1), 2.4% northern pikeminnow (n = 7,473),
< 0.1% longnose dace (n = 9), < 0.1% speckled dace (n = 10),
0.2% redside shiner (n = 468), 0.1% tench (n = 314);
• Catostomidae: 7.6% longnose sucker (n = 23,684), 0.3% bridgelip sucker (n = 793), 12.1% largescale sucker (n = 37,631),
2.0% hybrid or unidentified sucker (n = 6,353);

Family Petromyzontidae
Pacific lamprey were historically present in the Columbia and
Spokane rivers, before Grand Coulee Dam blocked their migration
in 1939. Indians collected them attached to rocks below Kettle Falls,
on the Columbia, and at Little Falls and Spokane Falls on the Spokane
River. Weaver (1935) described their abundance in the Spokane River
and pointed out that during downstream migration ammocoetes larvae provided food for numerous species of fish, birds, and mammals.
Family Acipenseridae

• Ictaluridae: < 0.1% yellow bullhead (n = 19), < 0.1% brown bullhead (n = 78), < 0.1% channel catfish (n = 1), < 0.1% unidentified bullhead (n = 4);
• Esocidae: < 0.1% northern pike (n = 1);
• Salmonidae: 2.7% lake whitefish (n = 8,458), 0.2% mountain whitefish (n = 717), < 0.1% cutthroat trout (n = 37),
4.3% rainbow trout (n = 13,373), 26.3% kokanee salmon
(n = 81,914), < 0.1% Chinook salmon (n = 152), 0.3% brown
trout (n = 927), < 0.1% bull trout (n = 23), 0.2% brook trout
(n = 728), < 0.1% tiger trout (n = 6);
• Gadidae: 1.4% burbot (n = 4,202);
• Cottidae: 1.4% unidentified sculpin (n = 4,399); [Authors note:
I have personally identified prickly sculpin, mottled sculpin, slimy sculpin, shorthead sculpin, and torrent sculpin
collected in Lake Roosevelt];
• Centrarchidae: < 0.1% bluegill (n = 9), 0.1% pumpkinseed
(n = 400), 10.2% smallmouth bass (n = 31,823), 0.2% largemouth bass (n = 765), 0.7% black crappie (n = 2,193); and
• Percidae: 12.2% yellow perch (n = 37,957), 12.7% walleye
(n = 39,491).

Following is a summary of what is known about each family
and species in Lake Roosevelt:

Howell and McLellan (2006) estimated the white sturgeon population in Lake Roosevelt at 2,037 (95% CI = 1,093–3,223) individuals.
Hildebrand et al. (1999) estimated the white sturgeon population in
British Columbia (BC) between the international border and Hugh
Keenleyside Dam at 1,120 (95% CI = 980–1,300) individuals. Tagging
and telemetry investigations have demonstrated that the BC sturgeon and Lake Roosevelt sturgeon are part of the same population
(Brannon and Setter 1992; Hildebrand 1991). The fish in this population spawn naturally at two locations. The first is at the confluence
of the Pend Oreille River below Waneta Dam, in British Columbia,
less than 1 km above the international border (Hildebrand et al.
1991). The second is near the town of Northport, Washington about
5–10 km below the international border (Howell and McLellan 2006).
Age analysis indicated that most of the individuals in this population were born after Grand Coulee Dam blocked anadromous
fish runs in 1939, but that very few were born after about 1975–1980.
Consequently, recruitment of wild fish to this population has been nil
for about the past 30 years, so the population is composed of aging fish,
whose average length is increasing each year. For example, Brannon
and Setter (1992) sampled 159 white sturgeon in Lake Roosevelt ranging from 699–2,252 mm FL in 1989 and 1990. Devore et al. (2000) sampled 204 white sturgeon in Lake Roosevelt ranging 320–2,700 mm FL
in 1998. Only three of these fish collected in 1998 measured less than
1,100 mm TL. The size of the population is also probably decreasing
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Table 5.25

Number of each species collected in Lake Roosevelt 1949–2010. P = present; EF = electrofishing, GN = gill net, HGN = horizontal gillnet (bottom and / or surface), VGN = vertical gill net, BS = beach seine, PS = purse seine, SL = set lines, TN = trap
net, W = weir. (Page 1 of 6.)

Data Year

19491 19632 19663 19673 19734 19775 19806 19817 19828 19839 198810 198811 198911 198912 199012

Methods

HGN HGN PS GN

Family

Species

Acipenseridae

white sturgeon

Cyprinidae

lake chub

#

#

#

chiselmouth

22

3

carp

1

4

6

672

3

102

371

4

redside shiner

6

tench

2

peamouth

PS
#

HGN HGN
#

#

HGN HGN
HGN HGN
FN
EF

SL

HGN
EF

EF

SL

SL

#

#

#

#

1

78

37

3,090 7,348 78

37

#

#

#

#

#

21

5

3

p

44

15

6

12

4

1

p

31

5

54

41

62

117

18

26

276

24

60

217

32

14

54

361

992

122

523

291

153

295

14

38

2

p

14

2

3

1

golden shiner
northern pikeminnow
longnose dace
speckled dace

Catostomidae

longnose sucker

1

bridgelip sucker
largescale sucker
unidentified sucker
Ictaluridae

1

18

2

15

196

24

11

279

12

41

15

147

375

78

8

21

2

p

46

100

2,084

412

409

900

1

476

100

yellow bullhead

6

brown bullhead

8

3

p

236

40

channel catfish
unidentified bullhead

4

Esocidae

northern pike

Salmonidae

lake whitefish

p

3

2

bull trout

p

4

p

cutthroat trout

p

rainbow trout

p

16

kokanee

p

9

p

9

213
1

28

28,776 1,269
p

p

13

p

p

1

p

25

271
1

p

57

59

9

40

7

318

396

85

16

2

1

p

178

132

28

16

p
3

brown trout

13
6

brook trout

12

p

p

Chinook salmon
mountain whitefish

3
p

1

p
2

2

2

p

21

p

3

tiger trout
Gadidae

burbot

Cottidae

unidentified sculpin

Centrarchidae

bluegill

1
1

1

pumpkinseed

2

1

smallmouth bass

p

1

largemouth bass

p

p

3

28

70

p

4

23

1
p

p

Percidae

yellow perch
walleye

Total

2

69

8

36

96

151 1,451 28,802 1,301 211

27

58

132

3

p

5

19

5

115

3

p

48

61

6

70

p

43

315

101

207

46

1,046 2,901

907

370

714 1,303

15

57

9

4

37

black crappie

p

1,002 1,568

709 3,464 2,039 4,697 1,511

44

References: 1Gangmark and Fulton (1949); 2Ernest et al. (1965); 3Fulton and Laird (1967), Synder (1967); 4WWP (1973), 5Stober et al. (1977); 6Harper et al.
(1981); 7Nigro et al. (1982); 8Nigro et al. (1983); 9Beckman et al. (1985); 10Brannon and Setter (1988); 11Peone et al. (1991); 12Brannon and Setter (1992).
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Table 5.25 (continued) Number of each species collected in Lake Roosevelt 1949–2010. (Page 2 of 6.)

Data Year

199013 199114 199215 199316 199417 199518 199519 199620 199621 199622 1997 22 199723 199724 199825 199826 199827

Methods

EF
EF
EF
EF
EF
EF
HGN HGN HGN
HGN HGN HGN
VGN VGN VGN

Family

Species

#

#

#

#

#

#

EF

EF

#

#

EF
EF BS
HGN VGN VGN HGN
VGN
VGN
#

#

#

#

EF

EF

#

#

EF BS
SL
HGN
HGN
VGN
#

Acipenseridae white sturgeon
Cyprinidae

#
204

lake chub
1

chiselmouth
carp

152

peamouth

75

60

1

16

216

80

119

226

63

44

27

63

p

2

8

1

320

462

299

135

2

102

26

1

1

98

300

204

74

3

golden shiner
northern pikeminnow 464

183

315

233

22

57

58

14

57

4

1

3

3

2

42

27

6

1

41

29

131

215

84

4

61

16

139

35

2

longnose dace
speckled dace
redside shiner

1

2

7

1

tench

17

2

1

10

1

188

4

8

164

44

41

8

10

4

1

116

61

Catostomidae longnose sucker
bridgelip sucker
largescale sucker

1,655 2,750 1,582 1,009 3,058 2,721

2
27

p
p

85

unidentified sucker
Ictaluridae

160 1,243

2,093 3,259 3,268 1,877
7

5,022

yellow bullhead
brown bullhead

2

1

3

3

6

p

95

10

2

1

16

5

35
8

531

1

channel catfish
unidentified bullhead
Esocidae

northern pike

Salmonidae

lake whitefish

221

75

32

166

bull trout

522

200

22

1

1

1

502

74

25

200

1

17

276

53

34

422

1

cutthroat trout
rainbow trout

373

225

202

563

209

15

21

191

216

kokanee

61

31

108

15

298 2,053 1,537 1,396 135

11

29

61

396 3,592 532

Chinook salmon

1

2

3

1

3

16

14

2

56

1

248

1

210

1

4

5

686 1,309

4
8

3

mountain whitefish

15

31

4

2

4

11

18

30

2

4

33

68

7

brown trout

16

15

6

16

22

38

44

45

58

17

77

99

17

brook trout

1

1

17

2

13

21

5

6

26

8

16

142

57

burbot

12

19

1

3

91

77

4

53

132

223

298

132

209

unidentified sculpin

130

21

62

62

1,368

28

5

14

558

143

66

52

420

53

12

969

62

19

179

4

2

7

tiger trout
Gadidae
Cottidae

p

6

3

Centrarchidae bluegill
pumpkinseed

61

smallmouth bass

268 1,180 262

largemouth bass

27

4

1

1

Total

131
207

17

722

37

691

415 1,172 493

1

117

173

2

172

35

7

273

342

28

2

5

247 1,050 1,212

45

15

59

1

1

508

walleye

1,137 952

238

192

506

594

21

22

775 3,437 5,222 3,105

70

142 10,50610,25415,871 9,321 512

640

10

9
21

3,861 2,351 700
374

5

1

yellow perch

black crappie
Percidae

1

714

8,547 8,115 3,565 2,640 9,210 8,965 2,116 2,515 3,621

29

References: 13Griffith and Scholz (1991); 14Thatcher et al (1994); 15Thatcher et al. (1996); 16Underwood and Shields (1996); 17Underwood et al. (1996);
18
Underwood and Shields (1997); 19Scholz (1996); 20Scholz (1997); 21Chichosz et al. (1997); 22LeClaire (2000); 23Chichosz et al. (1999); 24McLellan et al.
(1998); 25 McLellan et al. (1999); 26Spotts et al. (2003); 27DeVore et al. (2000).
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Table 5.25 (continued) Number of each species collected in Lake Roosevelt 1949–2010. (Page 3 of 6.)
Data Year

199828 199822 199829 199830 199931 199922 199932 199933 200034 200035 200036 200137 200138 200139 200240

Methods

VGN
VGN
HGN

Family

Species

#

Acipenseridae

white sturgeon

2

Cyprinidae

lake chub

#

EF

EF

EF

#

#

#

BS GN
VGN VGN
VGN
EF
HGN HGN
#

#

#

1

chiselmouth

1

2

carp

2

30

73

68

peamouth

1

1

9

30

3

16

41

54

EF
GN

EF

EF

EF
GN

EF

EF

#

#

#

#

#

#

#

2

2

1
1

4

4

35

80

5

2

61

63

2

1

1

62
7

golden shiner
northern pikeminnow

25

7

16

speckled dace

1

1

7

29

2

2

4

74

15

tench
longnose sucker

7
7

bridgelip sucker
largescale sucker

6
1

13
13

12

2

23

4

80

3

2

5

2

284

851

545

255

4

49
1
1

1

7

39

11

94

8
7

4

5

23

3

259

397

483

220

1

1

4

5

2

1

26

1

unidentified sucker
Ictaluridae

29

1

redside shiner
Catostomidae

14

longnose dace

4
4
10
1

239

67

1

2

yellow bullhead
brown bullhead

5

1

channel catfish
unidentified bullhead
Esocidae

northern pike

Salmonidae

lake whitefish

46

13

2

27

bull trout

13

279

7

306

95

166

1

cutthroat trout
rainbow trout

24

161

24

kokanee

68

196

19

Chinook salmon

2

1

1

1

413

150

51

50

37

233

97

56

1

1

502

326

1
278

35

219

194

52

691

192

76

180

12

2

2

2

1

6

1

3

5

mountain whitefish

42

13

14

18

60

27

17

41

40

brown trout

31

12

24

4

31

18

18

73

22

62

5

47

59

18

37

1

2,807 2,126

1

3

brook trout

3,443 1,648

406

180

tiger trout
Gadidae

burbot

2

Cottidae

unidentified sculpin

15

Centrarchidae

bluegill

9

pumpkinseed
smallmouth bass

27

12

largemouth bass
Percidae

Total

117

34

110

32

33

73

9

9

1

363

133

284

2

152

74

1

105

37

13

74

1

107

112

6

15

73

5

37

5

254

2

yellow perch

3

895

74

501

22

1

walleye

30

142

242

352

388

3

3

142

187

527

161

7

26

17

7

9

41

242

13

1

59

1

43

478

789

67

10

687

70

473

178

112

417

80

123

2
351

14
49

3

2

235

29

5

black crappie

13

70

374
20

403 1,858 5,764 4,178 1,943 141 1,080 352 1,685 5,037 5,006 1,814 269 2,797

References: 2⁸Baldwin et al. (1999); 2⁹Miller (2001); 3⁰McLellan et al. (2001); 31McLellen et al. (2003); 32Baldwin and Polacek (2002); 3Baldwin (UP);
3⁴Lee et al. (2003); 3⁵McLellan and Scholz (2001); 3⁶McLellan and Scholz (2002); 3⁷Scofield et al. (2004); 3⁸Baldwin and Woller (2006a); 3⁹McLellan and
Scholz (2003); ⁴⁰Baldwin and Woller (2006b).
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Table 5.25 (continued) Number of each species collected in Lake Roosevelt 1949–2010. (Page 4 of 6.)
Data Year

200241 200242 200343 200344 200345 200346 200347 200448 200449 200450 200451 200552 200553 200554 200555
EF
EF
VGN
HGN HGN
HGN
VGN VGN

Methods
Family

Species

Acipenseridae

white sturgeon

Cyprinidae

lake chub

#

#

#

VGN
HGN
HGN

EF
#

#

#

2

chiselmouth

GN
SL

EF

HGN

#

#

#

#

#

#

#

32

213

3

1

3

15

1

carp

11

peamouth

4

11

40

33

VGN
VGN
HGN HGN
HGN
EF

GN
SL

EF
#

GN
SL
#
133

1

9

4

7

29

4

7

2

9

5

5

38

5

28

29

27

8

golden shiner
northern pikeminnow

5

1

6

longnose dace

6
1

speckled dace
redside shiner
Catostomidae

9

tench

2

longnose sucker

68

bridgelip sucker

8

largescale sucker

3

176

89

9

1

2

77

1

91

1

5

1

2

131

72

107

98

60

113

214

294

2

8
144

unidentified sucker
Ictaluridae

1

3

32

2

3
39

94

76

13
5

1

yellow bullhead

2

1

brown bullhead
channel catfish
unidentified bullhead
Esocidae

northern pike

Salmonidae

lake whitefish

92

188

251

72

376

3

bull trout

289

128

1

cutthroat trout

15

rainbow trout

39

1

1
246

378

241

62

93

93

72

35

197

16

273

2,253

61

71

741

11

38

34

Chinook salmon

8

1

3

1

18

mountain whitefish

14

4

6

3

6

brown trout

9

8

107

1

3

brook trout

9

11

84

111

29

3

19

10

kokanee

36

833

1
1

187
3

10

1

11

6

1

14

9

1

1

1

10

6

164

147

126

tiger trout
Gadidae

burbot

Cottidae

unidentified sculpin

Centrarchidae

bluegill

7

Percidae

Total

15

9
12

2

1

384

52

565

1

1

5

4

2

7

281

201

389

1

128

77

116

665

16

685

121

564

610

21

121

259

1

2

11

49

93

69

80

522

788

37

yellow perch
walleye

4

1
17

largemouth bass
black crappie

184

5

pumpkinseed
smallmouth bass

11

41

17

80

259 1,571 2,486 2,868 314 2,327

32

1
1

5

454

403

102

2

4

7

7

213 1,263 2,431 370 2,044 1,736 1,479 133

References: 41Fields et al. (2004); 42Pavlik-Kunkel et al. (2005); 43McLellan and Scholz (2004); 44Baldwin and Woller (2006c); 45FWIN (2003); 46Howell and
McLellen (2005); 47Howell and McLellan (2007); 48McLellan et al. (2005); 50FWIN (2004); 51Baldwin and Woller (2006d); 52Scofield et al. (2007); 53FWIN
(2005); 54McLellan et al. (2006); 55Howell and McLellan (2007b).
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Table 5.25 (continued) Number of each species collected in Lake Roosevelt 1949–2010. (Page 5 of 6.)

Data Year

200556 200657 200658 200659 200660 200761 200762 200763 200764 200865 200866 200867 200968
VGN
HGN

Methods

GN

EF

HGN

EF
HGN

#

#
2

Family

Species

#

#

Acipenseridae

white sturgeon

3

398

Cyprinidae

lake chub

EF
HGN

HGN

#

#

#

8

18

9

HGN EF GN
#

EF
#

EF
HGN
BS HN
#

6

#

GN
EF
FN
#

11

5

chiselmouth
carp

29

8

peamouth

1

6

golden shiner

10

41

3

7

3

16

34

52

6

1

6

4

2

1

47

61

63

15

6

4

1

4

60

90

1

1

8

50

2

51

2

3

1

27

19

247

1

northern pikeminnow

26

44

3

5

4

67

11

4

18

8

longnose dace
speckled dace
redside shiner
tench
Catostomidae

longnose sucker

3

bridgelip sucker
largescale sucker

1

10

9

92

113

unidentified sucker
Ictaluridae

15

14
10
3

847

55

238

2
80

1
87

3

143

70

12

4

1

yellow bullhead

1

brown bullhead

1

2

1

2

8

channel catfish
unidentified bullhead
Esocidae

northern pike

Salmonidae

lake whitefish

1
86

350

bull trout

84

281

290

81

3

cutthroat trout

4

rainbow trout

28

144

kokanee

28

448
1

1
46

2

5

40

265

33

27

129

83

133

52

367

5

73

6,134

693

74

31

28

6

5

4

203

2

135

Chinook salmon

3

1

1

mountain whitefish

9

1

3

8

brown trout

1

1

3

14

brook trout

19

1

1
4

4
8

6

5

5

8

2

tiger trout
burbot

Cottidae

unidentified sculpin

12

17

Centrarchidae

bluegill

1

1

3

7

194

49

226

155

32

12

2

22

5

2

51

176

74

2264

1

3

10

pumpkinseed

Total

91

374

7

9

27

305

391

7

1

yellow perch

181

810

28

180

186

62

872

120

615

912

920

2,914

439

61
216

398

4

7

black crappie
walleye

186

8
81

4
3

largemouth bass
Percidae

1

1

Gadidae

smallmouth bass

3

8

2,312 2,216

112
356

395

4,715
2

2

2

52

1

16

233

28

4467

226

134

99

69

230

764

917

6,939 1,049 8,516 2,380 6,658

References: 56Baldwin and Woller (2006e); 57Howell and McLellan (2008); 58McLellan et al. (2007); 59FWIN (2006); 60Pavlik et al. (2008); 61Lee et al. (2010);
62
FWIN (2007); 63Polacek and Woller (2008); 64McLellan et al. (2008); 65McLellan et al. (2009); 66Miller et al. (2011); 67FWIN (2008); 68Stroud et al. (2010).
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Table 5.25 (concluded) Number of each species collected in Lake Roosevelt 1949–2010. (Page 6 of 6.)

Data Year

200969 200970 201071 201072 201073

Methods
Family

Species

Acipenseridae

white sturgeon

Cyprinidae

lake chub

EF
GN

EF
FN
BS

GN
EF

EF W

#

#

#

#

1

chiselmouth
carp

16

213

1
47

2

peamouth

EF
BS
HN

#

RA

26

1,284

0.4%

5

0.0%

2

88

< 0.1%

22

3,306

1.1%

20

1,644

0.5%

1

< 0.1%

#

golden shiner

7,238

2.4%

6

9

< 0.1%

3

< 0.1%

redside shiner

1

278

0.1%

tench

21

2

243

0.1%

3

72

23,663

7.9%

759

0.3%

4

108

northern pikeminnow

1

longnose dace

143

385

11

33

speckled dace

Catostomidae

longnose sucker

12

19,727
1

9

2

818

99

bridgelip sucker
largescale sucker

7

7

unidentified sucker
Ictaluridae

yellow bullhead

1

brown bullhead

2

1

2.1%

19

< 0.1%

76

< 0.1%

1

< 0.1%

unidentified bullhead

4

< 0.1%

Esocidae

northern pike

1

< 0.1%

Salmonidae

lake whitefish

1

14

2.8%

23

< 0.1%

2

1

37

< 0.1%

rainbow trout

144

197

707

135

169

13,120

4.4%

8,895

135

22

8,173

59

81,597 27.1%

Chinook salmon

1

8

mountain whitefish

14

1

7

brown trout

5

1

9

5

brook trout

3

3

69

tiger trout
burbot

4

13

9

Cottidae

unidentified sculpin

1

395

21

Centrarchidae

bluegill

2

pumpkinseed

1

smallmouth bass

163

150

5,229 4,019

< 0.1%

713

0.2%

913

0.3%

720

0.2%

4

1

6

< 0.1%

50

277

4,158

1.4%

4,229

1.4%

9

< 0.1%

317

0.1%

2

6

largemouth bass

Total

8,421

cutthroat trout
kokanee

Percidae

384

1

bull trout

Gadidae

4

6,346

channel catfish

1

5

35,470 11.8%

61

756

1

30,629 10.2%
760

0.3%

1,831

0.6%

black crappie

1

588

4

1

yellow perch

31

6,677

182

104

33,885 11.3%

walleye

10

252

1,683

1,025

38,926 12.9%

4

9,291 34,452 7,214 8,537 3,084 300,882 100%

References: 69McLellan et al. (2010); 70Miller (STOI, LRFEP, pers. comm); 71Stroud et al. (2010b); 72Blake et al. (2011); 73FWIN (2011).

A. T. Scholz

277

Chapter 5

because few or no juveniles are replacing aging adults that die of old
age. No fishing of any kind, including catch and release fishing, has
been allowed on white sturgeon in Lake Roosevelt since 1995.
White sturgeon are still spawning successfully at both known
spawning locations. This has been documented by setting out
egg mats to collect eggs that are shed by females and fertilized by
males. Fertilized eggs have been collected on mats at both locations
(Hildbrand et al. 1999; Howell and McLellan 2006). Moreover, it is
known that these fertilized eggs are hatching into larvae because
white sturgeon larvae were collected in drift nets set just downstream
of the spawning areas. Thus, spawning occurs and larvae are produced, but juveniles are rarely recruited into the spawning population.
Several high dams [Hugh Keenleyside (Arrow Lake), Revelstoke,
and Mica dams] were completed on the Columbia River upstream
from Lake Roosevelt in British Columbia in the 1970s and early 1980s,
which dramatically reduced the amount of spring discharge because
runoff water was captured in large volume storage reservoirs associated with these dams. Since the reduction in discharge coincided with
the lack of recruitment, it appears that some aspect of reduced discharge is responsible for the recruitment failure. For example, reduced
discharge resulted in less flooding of backwater sloughs which may
provide suitable nursery habitat for the larval and juvenile life stages
of white sturgeon. Alternatively, reduced discharge may increase contact between larval and juvenile sturgeon and predatory fishes.
One documented predator of white sturgeon is walleye. In
2005, a British Columbia angler caught a 713 mm TL, 4.1 kg walleye with three age 1 white sturgeon (185 mm TL) in its stomach
(R. L. Hildebrand, Golder Associates, pers. comm.). Garner (2001)
examined predation of age 0 white sturgeon by walleye in a laboratory experiment. Walleye that were offered 25 age 0 white sturgeon (24 ± 4 mm TL) in combination with 25 kokanee salmon
(63 ± 8 mm TL) and 25 rainbow trout (65 ±15 mm TL) consumed
all 25 individuals of each species within 2 hours.
Because natural recruitment is virtually non-existent, fisheries agencies in Washington and British Columbia began collecting eggs and sperm from ripe female and male sturgeon at both
known spawning grounds in 2001, fertilizing the eggs artificially,
and raising them in a hatchery. Six pairs of female and male sturgeon were collected annually in British Columbia from 2001–2010.
Two pairs were collected annually in Washington between 2004
and 2010. Surplus fish from British Columbia were raised at
Washington hatcheries from 2001–2003. After growing to about
175–200 mm FL approximately 200 progeny from each mated pair
were released back into the Columbia River in British Columbia
or Washington State. Before being released, a passive integrated
transponder tag (PIT) was implanted into their body cavity so they
could be later identified as a hatchery raised fish.
The efficacy of hatchery white sturgeon plants in contributing to the Lake Roosevelt population was shown by WDFW, who
made 42 overnight gillnet sets, using small mesh nets designed to
capture juvenile white sturgeon between Marcus and Northport
Washington, in the fall of 2003 (Howell and McLellan 2005).
Fifteen juveniles, 275–488 mm FL (all of them PIT tagged hatchery sturgeon) were captured. No wild produced juveniles were
caught. At the same time, fisheries scientists in British Columbia
sampled the Columbia River between the international border and
Keenleyside Dam in British Columbia. They captured 81 juveniles,
all of which bore PIT tags indicating their hatchery origin. Thus,
no naturally reproduced juveniles were found in either study.
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There is concern that stocking so many brothers and sisters of relatively few mated pairs of adults might eventually reduce genetic variation
in the white sturgeon population. Consequently, in 2010, WDFW began
collecting naturally reproduced white sturgeon larvae in D-ring nets and
successfully reared some of them at the Sherman Creek fish hatchery
near Kettle Falls, Washington (J. McLellan, WDFW, Spokane, Washington,
pers. comm.). It is suspected that 400 larvae collected from the wild and
reared to juvenile size in hatcheries will contain substantially more genetic variation than 400 eggs from two mated pairs of white sturgeon.
Washington Department of Fish and Wildlife has collected biopsy samples from each group to test the amount of genetic variation found in
each group but the results of genetic testing are not yet available.
Family Cyprinidae
Native minnows (chiselmouth, peamouth, northern pikeminnow,
and redside shiner) were relatively more abundant after the reservoir
first filled than they are at present. For example, chiselmouth accounted for 1.5% (n = 25 of 1,602) of all fishes captured during the first
two fish surveys (in 1949 and 1963) but less than 0.1% of all fishes captured during the 61 year interval from 1949–2010 (n = 88 of 311,159).
Peamouth accounted for 41.9% (n = 672 of 1,602) of all fishes captured
in 1949 and 1963, but only 0.5% of all fishes captured from 1949–2010
(n = 1,652 of 311,159). Northern pikeminnow accounted for 29.5%
(n = 476 of 1,602) of all fishes captured in 1949 and 1963 but only 2.4%
of all fishes captured from 1949–2010 (n = 7,473 of 311,159). Redside
shiner accounted for 1.2% (n = 20 of 1,602) of all fishes captured in
1949 and 1963, but only 0.2% of all fishes captured from 1949–2010
(n = 468 of 311,159). The reduction in the relative abundance of each
of these species over time is probably related to predation by walleye, which were first detected in a fisheries survey conducted in Lake
Roosevelt in 1967 and became increasingly abundant after that date.
Walleye probably arrived in Lake Roosevelt sometime during the mid
to late 1950s. From about 1990–2010 many of the chiselmouth, peamouth, northern pikeminnow, and redside shiner captured in Lake
Roosevelt by the author of this book bore characteristic walleye bite
marks along their flanks. Blake et al. (2011), using bioenergetics modeling, estimated that of a population of 6,251 (± 95% CI = 3,261–12,293)
northern pikeminnow in the Sanpoil Arm of Lake Roosevelt, 87%
were consumed by walleye (n = 4,986) or smallmouth bass (n = 459).
Only 5 lake chub, 1 golden shiner, 9 longnose dace, and 10 speckled dace were among the 311,159 total fish captured in Lake Roosevelt
from 1949–2010. Lake chub, longnose dace and speckled dace are native to the Pacific Northwest. All three species occur in the Kettle River,
and longnose dace and speckled dace are common in many tributaries of Lake Roosevelt. Golden shiner are a nonindigenous species that
were planted illegally in North and South Twin Lake on the Colville
Indian Reservation sometime during the 1980s (Fairbanks et al.
2004). During fish surveys made in both lakes in 1965 and 1975, none
were detected (Halfmoon 1978). In 2003, golden shiner accounted for
49% of all fish sampled in North Twin Lake (n = 460 of 939 total fish
caught) and 48.5% of all fish sampled in South Twin Lake (n = 1,466 of
2,981 total fish caught) (Fairbanks et al. 2004). The golden shiner detected in Lake Roosevelt probably migrated down the outlet creek of
these lakes which enters Lake Roosevelt near Inchelium, Washington.
The fish was collected in Lake Roosevelt near Inchelium.
Carp and tench are nonindigenous minnows that were introduced into the Columbia River in the late 1800s. They have been
detected at low levels in most fisheries surveys conducted in Lake
Roosevelt from 1949–2010. Carp are relatively abundant, accounting
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for 1.2% of the relative abundance of all fishes captured during the
surveys (n = 3,724 of 311,159 total fish). Most of the carp collected during these surveys were age 0+, and many of them bore characteristic
walleye bite marks on their flanks, indicating that not very many age
0+ carp in Lake Roosevelt survive walleye predation. Tench are relatively rare, accounting for 0.1% of the relative abundance (n = 314 of
311,159 total fish). Tench are abundant and naturally reproducing in
the Box Canyon Reservoir of the Pend Oreille River, so it is probable
that many tench are entering Lake Roosevelt from this source.
Family Catostomidae
Largescale and longnose sucker are relatively abundant in Lake
Roosevelt, respectively accounting for 12.1% and 7.6% of the relative
abundance of all fishes sampled between 1949 and 2010. Bridgelip
sucker are less abundant (0.3%). Unidentified sucker (which include
hybrids) accounted for 2.0% of the relative abundance. Relative abundance of sucker has declined since 1997 when many sucker were killed
by suffering severe gas bubble trauma (Scholz and McLellan 2010,
see photographic essay about this event in Volume II, Chapter 11 on
Catostomidae). Their numbers have been declining ever since, probably because walleye and smallmouth bass predation on young-ofthe-year sucker has virtually eliminated recruitment to the juvenile
populations (Scholz and McLellan 2010). In 2010, 80 longnose sucker,
16 bridgelip sucker, 211 largescale sucker, and no unidentified sucker
were captured among 18,835 total fish. Relative abundance was 0.4%
longnose sucker, < 0.1% bridgelip sucker, and 1.1% largescale sucker.
Also noteworthy, suckers in Lake Roosevelt instead of being
obligate benthivores are facultative planktivores (Black et al. 2003;
Scholz and McLellan 2010). Suckers are routinely observed on
the surface of Lake Roosevelt feeding on zooplankton (Black et al.
2003; Scholz and McLellan 2010), which makes them vulnerable
to predation by bald eagles. In a study where bald eagle nests on
Lake Roosevelt were observed daily throughout the nesting season,
13% of the prey brought by adult eagles to their nests to feed their
young were suckers (SAIC 1996).
Family Ictaluridae
Bullheads and catfish are rare in Lake Roosevelt. Yellow bullhead
(n = 19), brown bullhead (n = 78), and channel catfish (n = 1) each
accounted for < 0.1% of the relative abundance of all fish captured
(n = 311,159) between 1949 and 2010. Probably, little or no natural
reproduction of bullhead occurs in Lake Roosevelt and these fish
are migrating into the Lake from where populations have become
established in either the Pend Oreille or Spokane rivers. The single
channel catfish was captured in the Spokane River Arm of Lake
Roosevelt in 1997 shortly after Idaho Department of Fish and Game
stocked channel catfish into the southern end of Coeur d’Alene Lake.
Family Esocidae
One northern pike was collected in Lake Roosevelt, at the confluence of Hunters Creek, in a fish survey conducted in 2007 (PavlikKunkel et al. 2008). On 22 July, 2011 a walleye angler fishing at Kettle
Falls caught a second northern pike. The fish probably migrated
down either the Pend Oreille River from Box Canyon Reservoir or
down the Spokane River from Coeur d’Alene Lake, Idaho. Naturally
reproducing populations of northern pike occur at both locations.
A third northern pike was caught during a FWIN survey in 2011.

Family Salmonidae
Lake whitefish accounted for 2.7% of the relative abundance of all
fishes caught in Lake Roosevelt from 1949–2010. They are caught
primarily by gillnets set in deep waters of the limnetic zone and
also by electrofishing at the mouths of some of the larger tributaries, especially the Colville and Sanpoil rivers. Lake whitefish
is a non-indigenous species but there are no records of stocking
them into Lake Roosevelt. Records of stocking them in Flathead
Lake, Montana and Pend Oreille Lake, Idaho do exist, however;
so it is likely that the presence of lake whitefish in Lake Roosevelt
is owing to these plants, and subsequent migration of lake whitefish down the Flathead / Clarkfork / Pend Oreille River system
into Lake Roosevelt. We have noticed that in high discharge years
considerable numbers of lake whitefish entrain out of Lake Pend
Oreille through Albeni Falls Dam (Geist et al. 2004; Scholz et al.
2005; Paluch et al. 2008, 2009, 2010; Paluch 2011). Since the water temperature of the Pend Oreille warms to 23°C, too warm for
lake whitefish, they probably continue their migration down the
Pend Oreille River until they reach the Columbia River and Lake
Roosevelt. They spawn naturally in Lake Roosevelt.
Mountain whitefish, an indigenous species, are less abundant than
lake whitefish (n = 717 of 311,159 total fish or 0.2% relative abundance).
They were found principally at the mouths of tributary streams.
Westslope cutthroat trout (n = 37 or < 0.1%) and bull trout
(n = 23 or < 0.1%) are also indigenous species that rarely occur in
Lake Roosevelt. It is unlikely that either species is reproducing
naturally in Lake Roosevelt or its tributaries. Both species are
relatively abundant and naturally reproducing in the Pend Oreille
and Spokane River basins, so it is likely that those found in Lake
Roosevelt come from one or the other of these two sources.
Rainbow trout and kokanee salmon have been stocked in Lake
Roosevelt since 1986 and 1988 respectively as partial mitigation
for lost anadromous salmon and steelhead runs blocked by the
construction of Grand Coulee Dam in 1939 (Northwest Power
Planning Council 1987). These fish were raised at the Spokane
Tribal Fish Hatchery, which was constructed for the twin purposes
of (1) restoring a consumptive fishery for sport anglers and Tribal
subsistence fisheries, and (2) restoring the Lake Roosevelt ecosystem to some semblance of normality by providing species that are
key in food web interactions. Rainbow trout and kokanee were
specifically chosen for this purpose because both species consume
zooplankton, which was known to be abundant in the reservoir,
and convert it into biomass that can be consumed by bald eagles,
osprey, black bears, river otters, and many other species of birds
and mammals that occupy the reservoir.
The number of bald eagle nests on Lake Roosevelt began to increase soon after rainbow and kokanee stocking commenced, from
1–2 before stocking began in 1986 to 18–23 by 1995 (SAIC 1996).
Approximately 23% and 20% of all prey items brought by bald eagles
to feed their young occupying nests were respectively kokanee and
rainbow trout (SAIC 1996). In 2010, the author of this book observed
two black bears on a tributary of Lake Roosevelt (Orapaken Creek)
feeding on hatchery kokanee that moved into the creek to spawn. In
2009 and 2010 when large numbers of kokanee returned to Hawk
Creek, river otters (n = 6–8), bald eagle, and osprey also congregated
there to feed on them. A coyote was observed feeding on kokanee
returning to En'te Creek, a tributary of the Spokane River in 2010.
Ford Fish hatchery, near Ford, Washington was constructed
to provide resident fish for Lake Roosevelt to mitigate for resi-
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dent fish losses caused by the construction of Grand Coulee Dam.
From 1942–1945 WDFW stocked a total of 7,490,306 kokanee fry
into Lake Roosevelt (Earnest et al. 1966; Stober et al. 1977; WDFW
fish stocking database 2003–2010). These plants failed to produce a
fishery, so kokanee plants were discontinued. Washington department of Fish and Wildlife subsequently tried stocking 26,670 kamloops rainbow trout in 1956 and 77,500 fingerling rainbow trout
in 1961 (Stober et al. 1977) but these plants also failed to produce a
fishery, so rainbow plants were also discontinued.
Naturally produced kokanee were abundant in Lake Roosevelt until
the third powerhouse was constructed at Grand Coulee Dam (Fulton
and Laird 1967; Snyder 1967; Bennett and White 1977; Stober et al.
1977; Scholz et al. 1986). For example, Snyder (1967) used purse seines
and gill nets to sample the forebay behind Grand Coulee Dam over
a period of 40 days in February and March in 1966 and 1967. Gillnet
sets and purse seine hauls made daily during this interval captured a
total of 28,802 fish comprised of > 99% kokanee salmon (n = 28,766).
Approximately 2,300 additional kokanee were captured in Merwin
traps set at Kettle Falls during their spawning migration (Snyder 1967).
Some kokanee, captured in the forebay of Grand Coulee Dam during
the winter / spring, were tagged and subsequently recaptured in the
Kettle Falls Merwin traps during the summer, suggesting that these
kokanee had migrated from spawning areas in Canada to forage on
Daphnia (which were more abundant in the lower reservoir than in
the upper reservoir) and were returning to their natal spawning areas
in British Columbia when they were intercepted by the Merwin traps.
The Arrow Lakes on the Columbia River in British Columbia formerly
had runs of both sockeye and kokanee. After sockeye were eliminated
by the construction of Grand Coulee Dam, the kokanee persisted and
were thought to have colonized Lake Roosevelt or at least used it as a
nursery lake (Scholz et al. 1986; Scholz and McLellan 2010).
Jagielo (1984) investigated the zooplankton in Lake Roosevelt
and compared the abundance and size of Daphnia to other locally
productive kokanee lakes and sockeye nursery lakes. He concluded
that both the biomass and size of Daphnia in Lake Roosevelt were
comparable to other productive kokanee Lakes and, in fact, exceeded most of the lakes used for comparison.
Beckman et al. (1985) estimated the number of kokanee that zooplankton production in Lake Roosevelt could support [about 5.9 million adults (180 fish ⁄ ha) with the mean weight of 0.5 kg]. Nigro et al.
(1983) estimated that Lake Roosevelt could produce 181,000 kokanee
by natural reproduction (5 fish ⁄ ha) based on the amount of spawning habitat in the reservoir. These observations led Scholz et al. (1986)
to conclude that artificial production of kokanee was needed to make
reasonable use of the production potential of the reservoir. Scholz et
al. (1986) recommended that kokanee hatcheries be constructed as a
mitigation measure under the Northwest Power Planning Council’s
(NPPC) Columbia Basin Fish and Wildlife Program. Because kokanee size selectively prey on Daphnia, stocking at levels that could
produce 5.9 million adults on a sustained basis might collapse the
Daphnia forage base and eventually the growth of the kokanee.
Therefore, Scholz et al. (1986) suggested that the hatcheries produce
a sufficient number of juvenile kokanee that would result in adult
populations of about 1–2.3 million or fewer. This would provide an
adequate population in the lake (about 43–87 fish ⁄ ha) of relatively
large size (0.5–2 kg) kokanee that would attract anglers, while assuring an adequate Daphnia supply to maintain good growth. Scholz et
al. (1986) also recommended that a long-term monitoring program
be conducted in Lake Roosevelt to assess the biological impacts of
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the stocked fish on reservoir biota and to determine the contribution of hatchery fish to angler creels. These measures were approved
by NPPC, who directed the Bonneville Power Administration (BPA)
to fund them, as specified in the Northwest Power Planning and
Conservation Act (Public Law 96–501).
Rainbow trout and kokanee salmon have been stocked in
Lake Roosevelt since 1986 and 1988 respectively as partial mitigation for lost anadromous salmon and steelhead runs blocked by
construction of Grand Coulee Dam in 1939 (NPPC 1987). From
1988–2010, a total of 31,422,948 kokanee have been stocked in Lake
Roosevelt (Table 5.26). Three stocks were used: Lake Whatcom
(near Bellingham, Washington) (n = 23,425,374), Meadow Creek
(tributary of Kootenay Lake, British Columbia) (n = 8,007,351), and
F₁ Lake Roosevelt mixed stock (n = 26,120). The F₁ Lake Roosevelt
mixed stock was comprised of mostly age 2 and age 3 Meadow Creek
fish plus a few wild fish and age 3 Lake Whatcom fish that had returned to spawn either at Sherman Creek or Hawk Creek.
Kokanee fry were initially planted from 1988–1999. These kokanee also did not contribute to the establishment of a fishery because many of them were consumed by non-indigenous predators
such as walleye and smallmouth bass (Baldwin et al. 2003; McLellan
et al. 2004; Stroud et al. 2010a, 2010b). Those that did survive underwent smolt transformation in the reservoir and developed an
urge to migrate downstream below Grand Coulee Dam (Scholz et
al. 1992; Tilson 1994; Tilson et al. 1994, 1995; McLellan et al. 2004).
Between 1992 and 1999, a total of 789,904 kokanee fry were marked
with coded wire tags and only 15 of them were subsequently recovered in the reservoir (< 0.01% recovery), none were recovered by
anglers in the reservoir and 58 were recovered below Grand Coulee
Dam at Rocky Reach, Rock Island, and McNary dams.
Consequently, it was decided to release kokanee after they
had attained a larger size when they became residualized smolts.
Residualized smolts lost their downstream migratory urge and remained in the reservoir (Scholz et al. 1993; Tilson 1994). Releasing
fish at a large size also lessened predation on them. More kokanee
released at larger size were recovered as sexually mature age 2 jacks
and jills or age 3 adults in the reservoir. For individual coded wire tag
(CWT) lots released, an average (range) of 0.41 (0.05–0.61) percent
were recovered as sexually mature age 2 or age 3 fish in the reservoir
(McLellan et al. 2004). Between 1992 and 1999 a total of 1,430,460 CWT
residualized smolt kokanee were released at Sherman Creek Hatchery
or Little Falls Dam. Of these 5,854 (5,468 as 2 year olds, 386 as 3 year
olds) were as recovered sexually mature fish in the reservoir (most
of them returning to Sherman Creek or below Little Falls Dam), 73
were recovered during creel surveys conducted in the reservoir, and
87 were recovered at locations downstream from Grand Coulee Dam.
Predation on kokanee as soon as they were released from Sherman
Creek hatchery by walleye was documented by Baldwin et al. (2003).
See Chapter 1 for a complete description of this study. Predation on
kokanee by walleye was also observed at our other primary release
site below Little Falls Dam on the Spokane Arm of Lake Roosevelt.
More recently, Stroud et al. (2010a, 2010b) used bioenergetics modeling to show that populations of 12,257 walleye and 41,291 smallmouth
bass that occupied the Sanpoil River Arm of Lake Roosevelt collectively consumed 558,464 of 589,506 age-0 kokanee fry (94.7 %) over
37 day period and 4,038 of 10,080 age 1.5 residualized smolt kokanee
(40.1 %) over a 63 day period following their respective releases in
the Sanpoil River in 2010. This differential predation on age 0 and
Age 1.5 kokanee may be one factor that accounts for why fry plants
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have been unsuccessful whereas residualized smolt plants produced
more fish that returned to spawn or were caught by anglers.
As a consequence of this intense predation we began releasing residualized smolt kokanee at locations that spatially isolated them from
predators, at Fort Spokane (about 40 km downstream from Little Falls
Dam) and at Gifford (about 40 km downstream of Sherman Creek).
Both sites offered kokanee immediate access to deep water limnetic refugia, affording them a way to escape walleye predation. We conducted
matched-pair experiments with approximately equal numbers of fish
of the same genetic stock released either at Little Falls Dam and Fort
Spokane or at Sherman Creek and Gifford. We subsequently recovered
25 times more fish released at the Fort Spokane site than at the Little
Falls site and 8 times more fish released at the Gifford site than the
Sherman Creek site. Most of the Fort Spokane fish were recovered in
Hawk Creek, the nearest stream with a constant supply of cool water
to the Fort Spokane release site. The fish released at Sherman Creek
and Gifford were both imprinted to the Sherman Creek hatchery water supply and both groups were recovered predominately at Sherman
Creek. Overall, 2 times more fish released at the Fort Spokane site were
recovered than those released at the Gifford site in the same year. Based
on these results, the Lake Roosevelt co-managers now plant most of
the residualized smolts released in the reservoir at Fort Spokane. Fort
Spokane was selected as the primary release site over Gifford because
more fish released at Fort Spokane returned to Hawk Creek than
Gifford fish that returned to Sherman Creek. Also, anglers were documented to have caught 41 times more Fort Spokane (n = 367 observed
during creel surveys or fishing derbies) than Gifford (n = 9) fish.
Another study we performed was to compare the performance of
different genetic strains of kokanee in Lake Roosevelt. In all of our
early work (from 1987 until 1999) we used exclusively Lake Whatcom
stock kokanee obtained from the Washington Department of Fish and
Wildlife. In 2000, we released matched pairs of kokanee at Sherman
Creek with different coded wire tag (CWT) codes: one stock from Lake
Whatcom (n = 74,669 with CWT code 62-23-34) and the other obtained
from Meadow Creek, a tributary of Kootenay Lake, British Columbia
(n = 83,291 with CWT code 62-03-35). It was hoped that the Meadow
Creek kokanee, a native stock from the upper Columbia basin, would
perform better than the Lake Whatcom stock, which was obtained
along the Washington coast near Bellingham, Washington.
Returns of kokanee to Sherman Creek numbered 203 (196 at
age 2, 6 at age 3) Lake Whatcom fish (0.27% recovery rate) and
1,344 (1,337 at age 2, 7 at age 3) Meadow Creek fish (1.61% recovery
rate) (McLellan et al. 2004). Additionally, 2 Lake Whatcom kokanee and 4 Meadow Creek fish were recovered at the mouths of
other tributary streams in Lake Roosevelt.
In 2001, we again released paired groups of Lake Whatcom
(n = 89,547 with CWT codes 62-02-62 & 64) and Meadow Creek
(n = 80,574 with CWT codes 62-03-98 & 99) at Sherman Creek.
Returns of kokanee to Sherman Creek numbered 200 (0.22%)
Lake Whatcom fish (198 at age 2 and 13 at age 3) and 488 (0.61%)
Meadow Creek fish (all returned at age 2) ( McClellan and Scholz
2003; McLellan et al 2004). Additionally, 11 Lake Whatcom fish and
8 Meadow Creek fish were captured at the mouths of other tributary streams in Lake Roosevelt. Thus, Meadow Creek fish returned
about 3–6 times more fish than Lake Whatcom fish.
Kokanee in Lake Roosevelt feed principally on Daphnia, which is
abundant in the Sanpoil and Spokane Arms and throughout the lower
reservoir from Grand Coulee Dam to Hunters, Washington. As a result kokanee have enormous growth in Lake Roosevelt. A 2 year old

Table 5.26

Year
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
Total

Summary of kokanee salmon stocked in Lake
Roosevelt 1988-2010. LW=Lake Whatcom stock.
MC=Meadow Creek (Kootenay Lake) stock.
F1 LR=Lake Roosevelt stock (derived from mainly
Meadow Creek plus a few Lake Whatcom kokanee
and wild kokanee that returned to spawn in Hawk
Creek or Sherman Creek predominantly age 3).
Total
872,150
861,442
1,025,400
1,674,577
1,913,115
2,032,778
3,106,430
1,016,498
391,891
621,316
588,672
550,468
791,313
968,234
654,946
861,236
1,626,549
3,265,744
2,413,686
317,472
1,039,298
4,028,144
801,589
31,422,948

LW
872,150
861,442
1,025,400
1,674,577
1,913,115
2,032,778
3,106,430
1,016,498
391,891
621,316
588,672
550,468
791,313
263,385
654,946
861,236
1,295,149
1,313,825
92,407
97,235
1,039,298
1,772,263
589,580
23,425,374

MC
0
0
0
0
0
0
0
0
0
0
0
0
0
704,849
0
0
362,750
1,951,916
2,314,919
220,237
0
2,253,091
199,589
8,007,351

F₁ LR
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
4,550
0
6,360
0
0
2,790
12,420
26,120

kokanee in Lake Roosevelt reaches the same (or greater) lengths and
weights as a 4 year old kokanee in other lakes in eastern Washington
or north Idaho (Scholz and McLellan 2010). As a consequence of their
rapid growth, many hatchery kokanee in Lake Roosevelt become sexually mature at age 2, and return at a sex ratio of approximately 1 female to 10–30 males. To try to improve the sex ratios, we began a program of artificial genetic selection, in which we began to collect eggs
and sperm from fish that returned to egg collections sites (primarily
Hawk Creek or Sherman Creek). We attempted to use predominantly
age 3 Meadow Creek fish for this purpose, but we have occasionally
mixed them with age 2 Meadow Creek fish, age 3 Lake Whatcom fish,
and age 3 non-marked kokanee. We call the fish that have resulted
from this genetic admixture F₁ Lake Roosevelt mixed stock.
In June 2004, we stocked a total of 4,550 F₁ Lake Roosevelt
Hatchery kokanee at Fort Spokane. In the fall of 2004 a total of 205
sexually mature females (n = 102) and males (n = 100), or sex undetermined individuals (n = 3) were recovered in Lake Roosevelt tributaries, mainly in Hawk Creek (4.5 % return). In 2009, we stocked a
total of 2,790 F₁ Lake Roosevelt Hatchery kokanee at Fort Spokane.
In the fall of 2009 a total of 207 sexually mature 2 year old fish were
recovered in Lake Roosevelt tributaries, nearly all (n = 199) of them
at Hawk Creek (7.1 % return) (McLellan et al. 2010). Sex ratio of
those returning to Hawk Creek were 1 female to 1.67 males (n = 73
females, 122 males and 4 of undetermined sex).

A. T. Scholz

281

Chapter 5

In 2010, we stocked 108,725 Meadow Creek stock (5–8 ⁄ lb)
and 12,420 F₁ Lake Roosevelt stock residualized smolts (3 ⁄ lb) at
Fort Spokane and 589,580 Lake Whatcom fry and 10,080 Meadow
Creek residualized smolts into the Sanpoil River (Blake et al. 2011;
Scholz et al. 2011). The fish stocked in the Sanpoil River were part
of the predation study described above (Stroud et al. 2010b). Fish
returning in the late summer and fall of 2010 included 2 year old
Meadow Creek stock, 2 year old F₁Lake Roosevelt stock, 3 year
old Lake Whatcom stock and wild kokanee. These fish were collected in adult weirs in Hawk Creek (our primary egg collection
site) and the Sanpoil River, and by electrofishing at the mouths of
30 Lake Roosevelt tributary streams that kokanee have historically
been collected at. Sexually mature kokanee returning to the Hawk
Creek adult trap are transferred to the Spokane Tribal Hatchery for
spawning, egg incubation and rearing. Kokanee returning to the
Sanpoil River adult trap are passed above the trap and allowed to
spawn naturally in the Sanpoil Basin.
A total of 8,925 kokanee were recovered throughout Lake
Roosevelt during the 2010 spawning run, comprised of age 2
Meadow Creek (n = 7,656), age 2 F₁ Lake Roosevelt (n = 965), age 3
Lake Whatcom (n = 253) and wild (n = 32) stock fish (Blake et al. 2011).
The percentage returning of the number released of each stock was
6.4 % Meadow Creek (n = 7,656 ÷ 118,805), 7.8% F₁ Lake Roosevelt
(n = 965 ÷ 12,420), and 0.05% Lake Whatcom (n = 253 ÷ 507,970).
Lake Whatcom fish had returned as 2 year old fish in 2009 (n = 8,141).
When the 2 year old escapement (in 2009) was added to the 3 year
old escapement (in 2010), the percent return of Lake Whatcom stock
totaled 1.7% (8,615 ÷ 507,970). The sex ratio (female : male) of each
stock was 1:5 Meadow Creek, 1 : 1.5 F₁ Lake Roosevelt, and 1 : 7 wild.
The sex ratios for Lake Whatcom fish were 1 : 34 for fish returning at
age 2 in 2009 and 1 : 2 for fish returning at age 3 in 2010.
A total of 5,683 kokanee were captured at Hawk Creek in 2010,
comprised of age 2 Meadow Creek (n = 4,892), age 2 F₁Lake Roosevelt
(n = 637), age 3 Lake Whatcom (n = 83) and wild (n = 21) stocks. The
percentage returning to Hawk Creek of the number of each stock
released was 4.1% Meadow Creek (n = 4,892 ÷ 118,805), 5.4% F₁ Lake
Roosevelt (n = 673 ÷ 12,420), and 0.02% Lake Whatcom (n = 83 ÷
507,970). The sex ratio (female : male) of each stock was 1:5 Meadow
Creek, 1:1.3 F₁ Lake Roosevelt, 1:2 Lake Whatcom and 1:4 wild.
In the Sanpoil, of the 10,080 Meadow Creek 1.5 year olds released at an average (range) of 180 (72–234) mm TL and 50 (15–
93) g weight on 10 May, 2010, 623 (6.2%) returned to the Sanpoil
River as sexually mature 2 year old jacks and jills (499 males and
124 females) in September and October 2010 (S. Wolvert, CCT pers.
comm.). Average (range) of length and weight for males (n = 499)
was 331 (200–402) mm TL and 407 (224–623) grams. Average
(range) of length and weight for females (n = 124) was 320 (277–
394) mm TL and 363 (202–570) grams. Also, 39 F₁ Lake Roosevelt
stock fish returned to the Sanpoil River in 2010 at a 1 : 2.3 female to
male ratio (n = 12 females to 27 males) (Wolvert, Ibid). Eight wild
kokanee were also recovered in the Sanpoil River (all males).
Mean (range) length and weight of each stock recovered
throughout Lake Roosevelt in 2010 was 317 (200–486 ) mm TL
(n = 6,251) and 365 (98–1,081) grams (n = 3,876) for age 2 Meadow
Creek kokanee, 356 (271–522) mm TL (n = 900) and 518 (200–953)
grams (n = 554) for age 2 F₁ Lake Roosevelt mixed stock kokanee,
457 (270–596) mm TL (n = 239) and 831 (235–2,083) grams (n = 23)
for age 3 Lake Whatcom kokanee, and 344 (260–610) mm TL
(n = 23) and 521 (235–2,200) grams (n = 21) for wild kokanee.
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Substantial numbers of all three hatchery kokanee stocks were
also harvested by anglers in 2010. The Spokane Tribe observed 119
age 2 Meadow Creek stock fish, 3 age 2 F₁ Lake Roosevelt mixed
stock fish and 33 wild kokanee that were caught in two days by 46
anglers who fished the Two Rivers Trout and Salmon Derby on 11
and 12 September 2010. The Meadow Creek stock averaged (ranged)
412 (262–485) mm TL and 0.8 (0.2–1.3) kg in weight. The F₁ Lake
Roosevelt mixed stock fish averaged (ranged) 367 (306–376) mm TL
and 0.6 (0.54–0.64) kg in weight. The wild fish averaged (ranged)
483 (315–600) mm TL and 1.3 (0.3–2.4) kg in weight.
Eastern Washington University (EWU) conducted supplemental
creel surveys on 8 dates in June and July at Keller Ferry and 3 dates in
September and early October at Fort Spokane. At Keller Ferry, we interviewed a total of 16 parties (32 anglers) who had caught 24 kokanee
(4 age 2 Meadow Creek, 18 age 3 Lake Whatcom, and 2 wild). The age
2 Meadow Creek fish ranged from 250-300 mm TL. The age 3 Lake
Whatcom fish ranged from 350–430 mm TL. At Fort Spokane, we interviewed a total of 13 parties (31 anglers) who had caught 31 kokanee
(30 age 3 Lake Whatcom, 1 wild). The age 3 Lake Whatcom fish averaged (ranged) 462 (368–602) mm TL and 1.2 (0.6–2.5) kg in weight.
Various electrofishing, gill net, adult migration trap, creel surveys, and fish derby monitoring conducted by various agencies between 1995 and 2010 have kept track of the number of hatchery -Vwild kokanee captured (Table 5.27). A total of 45,327 kokanee were
captured during the surveys, comprised of 95% hatchery kokanee
almost all of them released as residualized smolts (n = 43,038), 4.2%
wild kokanee (n = 1,900) and 0.8% kokanee of unknown origin
(n = 389). Hatchery kokanee were identified by an adipose fin clip
or a combination adipose clip plus a pectoral or pelvic fin clip or
a coded wire tag (CWT). The reason why some kokanee were unknown was because they were either not recorded on data sheets or
because some hatchery kokanee planted as fry were not given fin
clips or CWTs but were otolith marked instead. This necessitated
killing the fish to remove otoliths so that marks could be detected.
For example, otolith marked fry were released at Big Sheep Creek
in 2006. In 2008, 16 kokanee were recovered in a migration trap in
Big Sheep Creek. Three of them were sacrificed to examine otoliths
and all three bore otoliths marks. Thirteen more fish were released
above the trap to spawn naturally in the creek. These 13 fish were
classified as unknown, although it was likely that a high percentage of them were hatchery fish since all of the fish examined in the
subsample were of hatchery origin.
LeCaire et al. (1998, 2000) estimated entrainment of kokanee
salmon and rainbow trout out of Lake Roosevelt by conducting
hydro-acoustic surveys that estimated the number of fish targets that
passed through each of the three powerhouses at Grand Coulee Dam
over a 42 month interval between March 1996 and September 1999.
LeCaire et al. also set gill nets in 1996, 1997, 1998 and 1999 in the forebay of Grand Coulee Dam to estimate the relative abundance of fishes.
In 1996 estimated entrainment through the left, right, and third
powerhouses was 10,442, 27,312, and 538,918 respectively for a total
of 576,176 fish. A total of 33 kokanee salmon (31.1%) and 26 rainbow
trout (24.5%) were among 106 fish captured in gill nets set in the forebay, suggesting that among the fish entraining were 167,065 kokanee
salmon (0.311 × 538,918) and 132,035 rainbow trout (0.245 × 538,918).
In 1997 estimated entrainment through the left, right, and third
powerhouse was 33,192, 32,011, and 470,099 respectively for a total of 536,012 fish. A total of 29 kokanee (20.6%) and 21 rainbow
trout (14.9%) were among 141 fish captured in the forebay, suggest-
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Table 5.27

Numbers of hatchery, wild, and unknown kokanee captured during various surveys in Lake Roosevelt that kept track of
the percentages of hatchery -v- wild kokanee. EF = electrofishing, W = weir, GN = gill net, and C = creel.

Survey
EWU Fall Surveys (EF, W)
Winter Test fishery (C)
STOI Survey (EF, GN)
WTOI/CCT/WDFW Creek Surveys (C)
WDFW Surveys (GN)
WDFW-Angler Diaries (C)
Two Rivers Trout Derby (C)
CCT-Sanpoil Rivers (W)
CCT-Barnaby Creek (W)
CCT-Big Sheep Creek (W)
CCT-Wilmont Creek (EF)

Years

Hatchery

Wild

Unknown

Total

Reference

1998-2010
1999-2005
2004-2008
2004-2008
1998-2005
2001-2004
2000-2010
1995-2010
1997, 1998, 2006
1995-2010
2,010

39,877
20
286
239
174
39
966
721
602
13
101

413
241
27
424
159
189
308
125
0
14
0

0
46
0
17
142
0
0
144
13
27
0

40,290
307
313
680
475
228
1,274
990
615
54
101

1
2
3
3
4
4
5
6
6
6
6

43,038
95.0%

1,900
4.2%

389
0.8%

45,327

Total
Percent of Total

References: ¹ McLellan et al. (2001, 2004, 2005, 2006, 2007, 2008, 2009, 2010); McLellan and Scholz (2001, 2002, 2003); Blake et al. (2011).
² McLellan et al. (2003); Lee et al. (2003, 2006); Scofield et al. (2004, 2007); Fields et al. (2004); Pavlik-Kunkel et al. (2005).
³ Lee et al. (2006, 2010); Scofield et al. (2007); Pavlik-Kunkel et al. (2008); Miller et al. (2011).
⁴ Baldwin et al. (2002, 2005, 2006); Baldwin and Polacek (2002); Baldwin and Woller (2006a, 2006b, 2006c, 2007).
⁵ McLellan et al. (2003); Lee et al. (2003, 2006, 2010); Scofield et al. (2004, 2007), Fields et al. (2004); Pavlik-Kunkel et al. (2005, 2008); Miller et al. (2011).
⁶ LeCaire (1996, 1998, 1999, 2000, 2001, 2002, 2003); LeCaire and Nine (2007); Nine (2006, 2007, 2008, 2009); Wolvert (2010) Wolvert et al. (2011).

ing that among the fish entraining were 96,822 kokanee salmon
(0.206 × 536,012) and 70,501 rainbow trout (0.149 × 536,612).
In 1998 estimated entrainment through the left, right and third
powerhouse was 26,718, 50,706 and 208,922 respectively for a total
of 286,350 fish. A total of 196 kokanee salmon (42.3%) and 161 rainbow trout (34.8%) were among 463 fish captured in the forebay, suggesting that among the fish entraining were 101,622 kokanee salmon
(0.423 × 286,350) and 83,561 rainbow trout (0.348 × 286,350).
In 1999 estimated entrainment through the left, right and third
powerhouse was 9,313, 19,741 and 182,630 respectively for a total
of 211,685 fish. A total of 76 kokanee salmon (53.9%) and 51 rainbow trout (36.2%) were among the 141 fish captured in the forebay,
suggesting that among the fish entraining were 114,098 kokanee
salmon (0.539 × 211,685) and 76,630 rainbow trout (0.362 × 211,685).
At full pool, the surface elevation of Lake Roosevelt is at elevation
393 m (1,290 ft) above mean sea level (MSL). The lake is drawn down annually for flood control purposes to make room for the spring freshet.
The lake can be drawn down to elevation 368 m (1,208 ft) MSL in years
when a large spring freshet is expected. Lake Roosevelt Hatchery kokanee released either as age 0 fry or age 1.5 residualized smolts and wild
kokanee, and hatchery rainbow trout, in Lake Roosevelt frequently entrain at Grand Coulee Dam, especially during years when the reservoir
is drawn down below elevation 378 m( 1240 ft) MSL. Interestingly, the
fish do not appear to be pulled out by drawdown but rather they are
pushed out during the period that the reservoir is refilling (Baldwin
an Polacek 2002; McLellan et al. 2008). The combination of extreme
drawdown and high current velocity created by rapid melting of the
snowpack causes short water retention times, which exerts a powerful
push, that is associated with the greatest entrainment.
Studies of kokanee food habits in Lake Roosevelt indicated that
Cladocera belonging to the genus Daphnia were their preferred prey
(Stober et al. 1977; Beckman et al. 1985; Peone et al. 1990; Griffith and
Scholz 1991; Griffith et al. 1992; Thatcher et al. 1993, 1994; Underwood

and Shields 1996a, 1996b; Underwood et al. 1996; Cichosz et al. 1997,
1999; Spotts et al. 2002; McLellan et al. 2003; Lee et al. 2003, 2006;
Scofield et al 2004, 2007; Fields et al. 2004; Pavlik-Kunkel et al. 2005).
From 1988 to 2006 food habits of 758 kokanee were determined
(Table 5.28). Daphnia occurred in 593 (78.2%) of the stomachs and
averaged 90.4 % by number and 84.7% by weight of the stomach
contents (Table 5.28). The index of relative importance values for
Daphnia by kokanee averaged 77.3% over the entire 19 year period,
and Daphnia ranked as the most important food item consumed
in each year. Numbers of Daphnia found in individual kokanee
stomachs averaged (ranged) 1,145 (86–2,002) per stomach (Peone
et al. 1990; Griffith and Scholz 1991; Griffith et al. 1992; Thatcher et
al. 1993, 1994). Weight of Daphnia in individual kokanee stomachs
averaged (ranged) 0.07 (0.01–0.09) mg (Ibid). A stable isotope
analysis also indicated that kokanee in Lake Roosevelt derived
89 (77–100)% of their carbon from limnetic sources (phytoplankton → Daphnia → kokanee) (Black et al. 2003).
Growth of kokanee is superior in Lake Roosevelt when
compared to most other kokanee producing lakes in Eastern
Washington [Lake Chelan (Chelan County), Bumping Lake
(Kittitas County), Bead, Horseshoe and Sullivan lakes (Pend
Oreille County), Deer and Loon lakes (Stevens County)] and
North Idaho (Coeur d‘Alene Lake, Dworshak Reservoir, Pend
Oreille lake, Priest Lake, Upper Priest Lake, Spirit Lake). Back
calculated total lengths of spawning kokanee in all of these lakes
(including Lake Roosevelt) averaged 201 mm at age 2, 259 mm
at age 3 and 305 mm at age 4 (Scholz and McLellan 2010). Lake
Roosevelt kokanee averaged 279 mm at age 2, 406 mm at age 3
and 428 mm at age 4, the largest length at each age from any location (Scholz and McLellan 2010).
Scholz et al. (2011) recently compiled all of the age and growth data
on the different stocks of kokanee in Lake Roosevelt from 1998–2010.
Ages were assigned based on fin clips or coded wire tag lot numbers.
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Table 5.28

Food habits of kokanee salmon in Lake Roosevelt,
1988-2006. Numbers all refer to the amount of
Daphnia sp. consumed. n=number of stomachs
analyzed. F. O. = frequency of occurrence. IRI = index of relative importance. Rank= rank for Daphnia
among all organisms consumed based on index of
relative importance. – = data not provided.
Numerical Weight
%
%

F. O.
n (%)

Year

n

1988

28

96.8

92.8

13 (46.4)

67

1

1

1989
1990
1991
1992
1993
1994
1995
1996

33
45
111
32
21
21
50
15

91.2
90.7
88.5
99.1
99.6
99.9
97.4
66.1

66.4
89.3
67.9
97.2
95
99.8
80.3
63

21(64.3)
29(65.2)
83(74.7)
28(87.5)
20(95.2)
21(100.0)
34(68.0)
11(73.3)

58.4
49.2
67.5
90.2
90.8
95.2
70.2
58.4

1
1
1
1
1
1
1
1

1
2,3
4
5
6
7
8
9

1997
1998
1999
2000
2001
2002
2003
2004

18
70
59
61
30
67
47

82.2
99.9
40.7
95.3
99.9

62.4
99.7
38.8
99.9
93.8

9(50.0)
65(92.8)
30(50.9)
57(93.4)
13(43.3)
66(98.5)
43(91.5)

55.8
87.6
50.9
93.4
43.3
98.5
91.5

1
1
1
1
1
1
1

10
11
12
13
14
15
16

100
99.9
89.8
90.4

100
94.1
100
84.7

2(100.0) 100
44(100.0) 100
4(100.0) 100
593(78.7) 77.3

1
1
1
1

17
18
19

2
2005
44
2006
4
Total or 758
Average
References:

¹ Peone et al. (1990);
² Griffith and Scholz (1991);
³ Griffith et al. (1992);
⁴ Thatcher et al. (1993);
⁵ Thatcher et al. (1994);
⁶ Underwood and Shields (1996a);
⁷ Underwood et al. (1996);
⁸ Underwood and Shields (1996b);
⁹ Cichosz et al. (1997);

IRI Rank Reference

¹⁰ Cichosz et al. (1999);
¹¹ Spotts et al. (2002)
¹² McLellan et al. (2003)
¹³ Lee et al. (2003)
¹⁴ Scofield et al. (2004)
¹⁵ Fields et al. (2004)
¹⁶ Pavlik-Kunkel et al. (2005)
¹⁷ Lee et al. (2006)
¹⁸ Scofield et al. (2007)
¹⁹ Pavlik-Kunkel et al. (2008)

Mean (range) length and weight of Lake Whatcom kokanee in Lake
Roosevelt was 320 (187–584 mm TL (n = 13,625) and 415 (29 – 2,140)
g (n = 5,088) at age 2, 423 (223–600) mm TL (n = 738) and 774 (280–
2,235) grams (n = 308) at age 3, and 475 mm TL (n = 1) and 1,100 grams
(n = 1) at age 4. Mean (range) length and weight of Meadow Creek
kokanee in Lake Roosevelt was 300 (175–486) mm TL (n = 14,810) and
348 (41–1081) grams (n = 6,973) at age 2, and 429 (340–555) mm TL
(n = 156) and 896 (379–1,428) grams (n = 54) at age 3. Mean (range)
length and weight of F₁ Lake Roosevelt mixed stock kokanee was 373
(225–522) mm TL (n = 1,109) and 557 (200–953) grams (n = 560) at age
2. No age 3 or age 4 F₁ Lake Roosevelt hatchery stock have been recovered to date. Mean (range) length and weight of wild kokanee in Lake
Roosevelt was 323 (91 – 449) mm TL (n = 161) and 440 (20 – 1,887)
grams (n = 145) at age 2, 488 (359–609) mm TL (n = 88) and 1,245
(55–2,226)g (n =78) at age 3, and 526 (449–621) mm TL (n = 23) and
1,595 (950–3,000) grams (n = 21) at age 4. The Washington state an284

gling record kokanee from Lake Roosevelt weighed 2.84 kg (6.25 lb).
The largest kokanee that I have collected in Lake Roosevelt measured
621 mm (24.4 in) and weighed 3.0 kg (6.6 lb).
In contrast, mean length and weight of kokanee in Bead Lake
was 212 mm TL and 104 grams at age 2 (n = 24), 247 mm TL and
151 grams at age 3 (n = 34), and 270 mm TL and 181 grams at age 4
(n = 78) (Rader et al. 2006). Mean length and weight of kokanee in
Sullivan Lake was 220 mm TL and 103 grams at age 2 (n = 15), 251
mm TL and 135 grams at age 3 (n = 37) and 236 mm TL and 176 grams
at age 4 (n = 8) (Nine and Scholz 2005). Mean length and weight of
kokanee in Loon Lake was 218 mm TL and 96 grams at age 2 (n = 13),
228 mm TL and 105 grams at age 3 (n = 30) and 245 mm TL and
132 grams at age 4 (n = 43) (Scholz et al. 1987). Mean length and
weight of kokanee in Deer Lake was 302 mm TL and 297 grams at age
2 (n = 10), 400 mm TL and 600 grams at age 3 (n = 45) and 450 mm
TL and 889 grams at age 4 (n = 30) (Scholz et al. 1987). At Horseshoe
Lake, the mean (range) length and weight of all age classes of 60 kokanee that spawned in Buck Creek, a tributary of Horseshoe Lake,
was 204 (134–304) mm TL and 85 (19–270) grams (Scholz, unpublished data). In Lake Chelan, kokanee spawners averaged 296 mm TL
at age 3, 325 mm TL at age 4, and 349 mm TL at age 5 (Brown 1984).
From 1989–2008, an average of 10,405 kokanee has been harvested
by anglers in Lake Roosevelt (Table 5.29). Also, kokanee harvest has
averaged 5,808 from the lower section (RKM 960.1 to RKM 1,013.1),
3,015 from the middle section (RKM 1,013.1 to RKM 1,066.5), and 22
from the upper section (RKM 1,066.5 to RKM 1,199.0) during the
same period (Table 5.29). Part of the reason for this difference in
harvest between sections is related to the percentage of anglers fishing in each section that target kokanee: 24.1% in the lower section,
3.0% in the middle section and 0.3% in the upper section (Table 5.29).
From 2005–2008 records were kept of the number of hatchery - v wild kokanee caught by anglers in each section of the reservoir.
During this interval, of the 1,289 kokanee identified as wild, 71.9%
(n = 927) were caught in the lower section of the reservoir, 28.1%
(n = 362) were caught in the middle section of the reservoir, and none
were caught in the upper section of the reservoir (Scofield et al. 2007;
Pavlik-Kunkel et al. 2008; Lee et al 2010; Miller et al. 2011). Of the 657
kokanee identified as hatchery kokanee, 46.2% (n = 303) were caught
in the lower section, 51.1% (n = 336) were caught in the middle section and 2.7% (n = 18) were caught in the upper section (Ibid).
Another reason why wild and hatchery kokanee are caught by anglers fishing in the lower and middle sections but not in the upper section of the reservoir is because Daphnia , the favorite food organism of
kokanee in Lake Roosevelt, is abundant in the lower and middle sections of the reservoir and scarce in the upper sections of the reservoir
(Table 5.24). Mean annual Daphnia biomass was estimated at 8 locations in Lake Roosevelt by Spokane Tribe limnologists, including six
locations in the mainstem [at Spring Canyon (rkm 959), Keller Ferry
(rkm 983), Seven Bays (rkm 1018), Hunters (rkm 1055), Gifford
(rkm 1082) and Kettle Falls (rkm 1123)], and one each in the Sanpoil
River Arm (joins the mainstem at rkm 984) and Spokane River Arm
(joins the mainstem at rkm 1022). The site in the Sanpoil Arm was
approximately 7 km upstream from the confluence and the site in the
Spokane Arm (at Porcupine Bay) was approximately 13 km upstream
from the confluence. Sites were monitored each year from 1996 to
2008. Mean annual Daphnia biomass was highest in the Sanpoil and
Spokane Arms, averaging 26,268 and 9,146 mg ⁄ m³ respectively, and
it was also high in the lower and middle sections of the reservoir below the confluence of the Spokane River (which are in a lacustrine
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Table 5.29

Estimates of annual harvest of kokanee by anglers in Lake Roosevelt: 1989–2008. Also included are estimates of the number of kokanee harvested in the lower, middle and upper sections of the reservoir and the percentage of anglers targeting
kokanee in each section of the reservoir. - indicates data not reported.
# Harvested in:

% of Anglers targeting kokanee in:

Year

Annual Harvest

Lower Section

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

11,906
17,515
31,651
8,146
13,960
16,567
32,353
1,265
588
9,980
1,730
12,129
15,621
8,881
9,135
13,685
791
507
504
1,182

7,263
7,453
2,060
29,102
1,265
588
5,279
47
11,230
5,543
8,603
8,563
9,709
519
290
296
921

Middle Section Upper Section
4,151
6,498
14,496
3,076
0
0
4,701
1,683
899
10,063
251
522
3,975
254
218
208
260

132
27
11
175
0
0
0
0
0
15
0
0
0
18
0
0
0

Lower Section
6.0
6.8
5.5
51.5
79.0
35.3
63.5
3.8
2.4
12.3
9.0
12.5
15.2
33.9
23.8
11.7
37.7

Middle Section Upper Section
4.0
10.5
1.8
2.5
1.0
0.3
4.5
1.1
0.0
6.7
1.0
1.5
2.1
8.0
1.2
1.3
4.3

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.0
1.0
0.0
0.0

Average

10,405

5,808

3,015

22

24.1

3.0

0.3

References: 1 Peone et al. (1990); 2 Griffith and Scholz (1991); 3 Griffith et al. (1992); 4 Thatcher et al. (1993); 5 Thatcher et al. (1994);
6
Underwood and Shields (1996a); 7 Underwood et al. (1996); 8 Underwood and Shields (1996b); 9 Cichosz et al. (1997); 10 Cichosz et al.
(1999); 11 Spolts et al. (2002); 12 McLellan et al. (2003); 13 Lee et al. (2003); 14 Scofield et al. (2004); 15 Fields et al. (2004); 16 Pavlik-Kunkel et al.
(2005); 17 Lee et al. (2006); 18 Scofield et al. (2007); 19 Pavlik-Kunkel et al. (2008); 20 Lee et al. (2010); 21Miller et al. (2011).

environment), averaging 3,548 mg ⁄ m³ at Seven Bays, 3,038 mg ⁄ m³ at
Keller Ferry and 5,671 mg ⁄ m3 at Spring Canyon (Table 5). At Hunters,
mean annual Daphnia biomass averaged 3,179 mg ⁄ m³ but ranged
from 380–10,783 mg ⁄ m³ (Table 5.24). In the upper sections of the reservoir which have a lotic environment, mean annual Daphnia biomass
was lower, averaging 1,095 mg ⁄ m³ at Gifford and 251 mg ⁄ m³ at Kettle
Falls (Table 5.24). Thus, kokanee probably occupy the lower and middle sections of the reservoir, as well as the Sanpoil and Spokane Arms,
because that is where their predominant food is located.
One piece of evidence that stocked kokanee are not having an impact on the Daphnia supply, in addition to the relatively high mean annual Daphnia biomass values noted in Table 5.24, is that the mean size
of Daphnia in the reservoir did not change appreciably between 1989
and 2008. The mean size of Daphnia throughout Lake Roosevelt has
been monitored annually since 1989 by the Lake Roosevelt Fisheries
Evaluation Program (Peone et al. 1990; Griffith and Scholz 1991;
Griffith et al. 1992; Thatcher et al. 1993, 1994; Underwood and Shields
1996a, 1996b; Underwood et al. 1996, Cichosz et al. 1997,1999; McLellan
et al. 2003; Lee et al. 2003, 2006, 2010; Scofield et al. 2004, 2007; Fields
et al. 2004; Pavlik-Kunkel et al. 2005, 2008; Miller et al. 2011). During
this 20-year interval average annual size of Daphnia has averaged
(ranged) 1.3 (1.1–1.5) mm. The average size during the first two years
of the monitoring program (1989–1990) was 1.5 mm and 1.4 mm, respectively. The size declined to 1.1 mm in 1996 and 1997, but this was
probably more related to the high discharge in those years rather than

predation on Daphnia by planktivorous fishes, especially since many
rainbow and kokanee released from the hatcheries in those years entrained below Grand Coulee Dam and thus would not have been in
Lake Roosevelt contributing to the decline in average size of Daphnia
(McLellan et al. 2008). The average annual discharge of the Columbia
River at the international border over the period of record (1938–2010)
was 98,660 CFS, with a peak in June at 215,000 CFS. For comparison,
the average annual discharge of the Columbia River at the same gaging
station in 1996 was 129,300 CFS, with a peak in June of 225,000 CFS; and
in 1997 was 130,300 CFS, with a peak in June of 271,000 CFS. The annual
average discharges in 1996 and 1997 ranked 3rd and 2nd, respectively,
over the 72-year period of record, behind only the record year of 1948.
The size of Daphnia in Lake Roosevelt was 1.5 mm in 2001 and 2003
and averaged 1.4 mm in each year from 2004–2008.
Size of Daphnia is a good indicator of the impact of kokanee and
rainbow trout predation. Planktivory can alter the species composition and size distribution of zooplankton communities by size – selectively preying on the largest members of the zooplankton community
(Brooks and Dodson 1965; Obrien 1979; Scholz et al 1986). Size selective predation often decreases the reproductive fitness of the prey
species because the planktivore removes the largest, most fecund individuals from the population first, and may eventually cause a collapse
of that population. Such top-down effects are known to cause cascading trophic interactions that subsequently influence nutrient recycling
and primary production because the zooplankton that are removed
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from the population are often those that crop phytoplankton most efficiently (Carpenter et al. 1985; Scholz et al. 1986; Hudson et al. 1999).
Kokanee are known to size-selectively prey on Daphnia and
reduce their reproductive potential by consuming larger sized individuals with greater fecundity (Rieman and Bowler 1980; Clark
1999; Koski and Johnson 2002; Koski et al 2003). Koski et al. (2003)
have shown that kokanee become more size selective with increased illumination from 0.1–1.5 lux. Lake Roosevelt is an oligotrophic lake with high light penetration, so kokanee should have
no trouble viewing Daphnia to size selectively prey on them. Thus,
the importance of showing that the average size of Daphnia in Lake
Roosevelt has not changed appreciably over the 20 year interval
(1999–2008) is that it shows the kokanee have not yet seriously impacted the reproductive potential of Daphnia in the lake.
Rainbow trout were the second species raised at the Spokane
Tribal fish hatchery and stocked into Lake Roosevelt to enhance the
Lake Roosevelt sport fishery. Rainbow trout eggs spawned at the
WDFW trout hatchery in Spokane, Washington in November and
early December are transferred as eyed eggs to the Spokane Tribal
hatchery where they are incubated and reared for approximately
nine months before they are transferred into Lake Roosevelt net pens
at about 12–20 ⁄ lb (yearlings) in September / October. Net pens in
Lake Roosevelt are maintained by volunteers who operate net pens
at Kettle Falls / Sherman Creek, Hall Creek (near Gifford), Hunters,
Two Rivers, Seven Bays, Lincoln, and Keller Ferry. Rainbow trout
are raised in the net pens for about nine months until they reach
sizes of about 4–8 ⁄ lb. They are typically released from the net pens
from late May to early June. Fish put into the net pens at approximately 100 mm TL and 28 grams in weight in September 1987 grew
in the net pens to an average length of 229 mm TL and weight of
167 grams during the nine months they were held in a net pen at
Seven Bays, by the time they were released in May 1988. By October
1988 these fish averaged 448 mm TL and weighed 764 grams. By
April 1989, they averaged 469 mm TL and weighed 855 grams. By
October they were 543 mm TL and weighed 1,547 grams.
Rainbow trout were stocked annually in Lake Roosevelt from
1986–2010. During this 24 year interval a total of 12,019,597 rainbow
trout were stocked comprised of 8,022,350 Spokane hatchery stock
diploids, 3,594,349 Spokane hatchery stock triploids, 268,086 Phalon
Lake stock diploids, and 134,802 Trout Lodge stock triploids. Spokane
hatchery stock are descendents of a mixture of approximately 95%
coastal rainbow trout (O. mykiss irideus) and 5% California redband
(rainbow) trout (O. mykiss stonei). Phalon Lake stock are native interior Columbia Basin redband (rainbow) trout (O. mykiss gairdneri).
The genetic ancestry of Trout Lodge stock is unknown.
From 1986–2001 only Spokane hatchery diploids were released.
From 2002–2005, a portion of the Spokane hatchery stock fish
were triploided. From 2006–2010, all of the Spokane hatchery
stock fish were triploided. Triploiding results in an extra set of
chromosomes (3N), above the normal set of diploid chromosomes
(2N) inherited from the male and female parents. This makes the
resulting offspring sterile. This is an important consideration because Lake Roosevelt tributaries contain native interior Columbia
Basin redband trout and the fisheries co-managers (Washington
Department of Fish and Wildlife, Spokane Tribe of Indians, and
Colville Confederated Tribes) did not want to contaminate their
gene pool by adding California steelhead and redband trout genes
into the mix. Consequently all non-native Spokane hatchery stock
and Trout Lodge stock rainbow have been triploided since 2006.
286

Since 1998, information has been collected about the number of
hatchery -v- wild rainbow trout captured during fish surveys, test
fisheries, creel surveys, and the Two Rivers Trout Derby. Numbers
have totaled 16,367 hatchery rainbow, 2,497 wild rainbow, and 1,520
unknown rainbow. Of the 18,804 fish positively identified, approximately 87% were hatchery rainbow and 13% were wild rainbow.
The number of rainbow trout harvested by anglers in Lake Roosevelt
increased markedly after stocking of hatchery rainbow commenced
in 1986. In 1980 and 1982 an average (range) of 65,748 56,496–75,000)
anglers fished 298,427 (256,491–340,367) hours to catch 1,259 (1,000–
1,517) rainbow trout per year. From 1988–2008 an average (range) of
225,062 (42,934–594,508) anglers fished 999,725 (203,485–2,500,183)
hours to catch 131,142 (5,366–499,293) rainbow trout per year.
Both wild and hatchery stocked rainbow trout in Lake Roosevelt
fed mainly of Daphnia over a period of 19 years (1988–2006), the
stomachs of 2,436 rainbow trout collected in Lake Roosevelt were
analyzed. Daphnia occurred in 53.9% of the stomachs and accounted for 78.4% of all items contained in them by number and
21.0% by weight. The index of relative importance averaged 36.1%.
Daphnia ranked first among all food items consumed based on
relative importance index in 18 of 19 years and was third in the
remaining year. Rainbow trout consumed an averaged (range) of
501 (127–1,064) Daphnia per stomach (Peone et al. 1990; Griffith
and Scholz 1991; Griffith et al. 1992; Thatcher et al. 1993, 1994).
At one time, over one million Chinook ran up the Columbia
to Kettle Falls and into the Sanpoil and Spokane rivers (Scholz et
al. 1985). Chinook runs were decimated by the development of the
commercial fishery in the 1870s and 1880s (Gilbert and Evermann
1895) until they were extinguished in 1939 by the construction of
Grand Coulee Dam.
In 1982, the Idaho Department of Fish and Game began stocking fall Chinook salmon into the Coeur d’Alene watershed to control a stunted kokanee population. Some of these escaped down
the lakes outlet (the Spokane River) and migrated downstream
into Lake Roosevelt where they grew to sexual maturity. During
the late summer and early autumn, a few of them migrate up the
Spokane River Arm of Lake Roosevelt to the tailrace of Little Falls
Dam. A few anglers target them as they migrate into the mouth of
the Spokane River near Fort Spokane.
Brown trout are a common resident of Lake Roosevelt, especially in the Spokane River Arm. Washington Department of Fish
and Wildlife (WDFW) spawns brown trout at the Ford Hatchery
and has stocked them in Chamokane Creek, a tributary of Little
Falls Reservoir (Spokane River). Naturally spawning brown trout
became established in Chamokane Creek and brown trout marked
in Chamokane Creek were documented to migrate downstream
into the Spokane River, and some of them entrained below Little
Falls Dam into Lake Roosevelt (Scholz et al. 1987).
A second source of brown trout in Lake Roosevelt came from
stocking brown trout into the Spokane River between the outlet of Coeur d’Alene Lake and Post Falls Dam by IDFG. Idaho
Department of Fish and Game (IDFG) marked some of the brown
trout they stocked there with jaw tags, several of which were subsequently recovered below Little Falls Dam in the Spokane River
Arm of Lake Roosevelt.
Bull trout were probably never abundant in Lake Roosevelt. At
present, capture of individual bull trout are noteworthy. Only 23
bull trout have been captured among 311,159 total fish captured
during 73 different fish surveys conducted between 1949 and 2010
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(Table 5.25). This comports with a theory proposed by R. J. Benke
(1992) that bull trout and cutthroat trout were historically abundant above barrier falls that stopped migration of anadromous
salmon and steelhead trout, but rare below barrier falls.
Brook trout have been stocked in several Lake Roosevelt tributaries and have established natural spawning populations in many
of them. Some of them make adfluvial migrations into the lake and
grow to large size (431.8–584.2 mm or 17–23 in) TL.
A few tiger trout have been found in Lake Roosevelt in recent
years. Tiger trout, a sterile hybrid between brook trout and brown
trout have been raised at Ford hatchery. A few probably escaped
down Chamokane Creek into the Spokane River and entrained at
Little Falls Dam into Lake Roosevelt.
Family Gadidae
Burbot are indigenous to, and relatively abundant in, Lake Roosevelt.
At 1.4% of the relative abundance, they rank 10th in abundance among
43 species found in the reservoir (Table 5.25). Burbot are known to
spawn naturally in the Columbia River near the international border,
at the mouth of the Colville River, and probably in some of the larger
tributaries (Kettle and Sanpoil rivers). Polacek et al. (2006) described
the stock status and distribution of burbot within the lake.
Family Cottidae
Sculpin are abundant in Lake Roosevelt, especially in the Sanpoil
and Spokane arms and the mouths of most tributaries. Sculpins hide
in rocks, which makes them difficult to capture; so they are much
more abundant than indicated by their relative abundance. Sculpins
are difficult to identify, so most fisheries biologists do not identify
them below the family level. I have collected five species in Lake
Roosevelt: prickly , shorthead, mottled, slimy, and torrent sculpin.
Family Centrarchidae
Bluegill, pumpkinseed, largemouth bass, and black crappie are introduced species that are not abundant in Lake Roosevelt (Table 5.25).
In contrast smallmouth bass at 10.2% relative abundance (Table 5.25)
are the fifth most abundant among 43 species that occur in the lake.
Smallmouth were present in the first fisheries survey conducted in
1949 but their relative abundance in fisheries surveys remained low
until 1991. After 1991 their abundance in fisheries surveys increased.
Washington Department of Fish and Wildlife (WDFW) stocked
smallmouth bass in Lake Roosevelt in 1991. From 1988–2008, anglers fishing in Lake Roosevelt harvested an average (range) of 16,842
(79–103,687) smallmouth bass per year (see references on Table 5.25).

Walleye probably colonized Lake Roosevelt during the 1950s by
migrating downstream from the Clark Fork River, Montana and Lake
Pend Oreille, Idaho. Walleye were documented in angler catches from
Lake Pend Oreille in 1951 (Linder 1963), which supports this theory.
Pend Oreille Lake’s outlet, the Pend Oreille River, connects to the
Columbia River at the international boundary. A second possibility
is that walleye gained access into Banks Lake when Devil’s Lake was
inundated by Banks Lake where walleye where supposedly stocked in
the 1930s (Lennox 1977; Beamesderfer and Negro 1989), although no
official record of this stocking exists. In support of this theory, the first
walleye documented in Washington was captured in Banks Lake on
6 December, 1959 and placed in the UW Fish Collection (UW 14650).
Also, in 1976, the U. S. Fish and Wildlife Service (USFWS) stocked
250,000 walleye in Little Falls Reservoir (Spokane River) (USFWS
plant record dated 17 November 1976 signed by F. L. Halfmoon). It
is probable that most of the stocked walleye were entrained at Little
Falls Dam and contributed to the establishment of a natural population of walleye that spawns in the Spokane Arm of Lake Roosevelt
downstream of Little Falls Dam.
From Lake Roosevelt walleye have migrated down the Columbia
mainstem and established a natural spawning population in John
Day Reservoir. They are found in all Columbia mainstem reservoirs below Grand Coulee Dam and below Bonneville Dam. They
have also been pumped from Lake Roosevelt into Banks Lake and
have dispersed throughout the Columbia Basin Project area.
Walleye are also an important sport fish in Lake Roosevelt.
During a 23-year interval (1980, 1982, and 1988–2008) a total of
4,857,788 anglers fishing in Lake Roosevelt harvested a total of
2,396,694 walleye. The annual average (range) of walleye harvest
was 104,204 (24,009–205,147)(See references on Table 5.25).

COLUMBIA RIVER IN BRITISH COLUMBIA
In British Columbia, the Columbia River flows freely between
Hugh Keenleyside (Arrow Lake) Dam (RKM 1,249, RM 780.6) and
the international border (RKM 1,192, RM 745). In this reach the
Columbia is joined by the Pend Oreille (RKM 1,193, RM 745.5) and
Kootenai / Kootenay (RKM 1,238.6, RM 774.1) rivers. Both rivers
enter along the east (left) bank of the Columbia. Fishes that occur
in this reach were described by R. L. & L. Environmental Services
(1995a, 1995b, 1996) and by CCRITFC (2008) and include:
• Acipenseridae: white sturgeon;
• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow,
longnose dace, leopard dace, Umatilla dace, redside shiner;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;
• Salmonidae: lake whitefish, mountain whitefish, cutthroat
trout, rainbow trout, kokanee salmon, Chinook salmon,
brown trout, bull trout, brook trout;

Family Percidae
Yellow perch and walleye are non-indigenous species that are relatively abundant in Lake Roosevelt. Walleye rank second (12.7%) and
yellow perch third (12.2%) in relative abundance among the 43 species
found in the reservoir. Nothing is known about how yellow perch
came to be in Lake Roosevelt, but they are extremely abundant in Box
Canyon Reservoir (Pend Oreille River) (Ashe and Scholz 1992) and in
Long Lake Reservoir (Spokane River) (Osbourne et al. 2003), so perhaps they colonized the reservoir from one of these sources. Yellow
perch were also abundant in Banks Lake during the 1950s (Duff 1972),
so perhaps they colonized Lake Roosevelt from that source.

• Gadidae: burbot;
• Cottidae: prickly sculpin, mottled sculpin, shorthead sculpin,
torrent sculpin; and
• Percidae: yellow perch, walleye.

Above the free flowing reach are three large dams and storage
reservoirs on the Columbia River: Keenleyside (Arrow Lake) Dam,
Revelstoke Dam, and Mica Dam. The Columbia River treaty was
an agreement between the United States and Canada that funded
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the construction of four large dams and storage reservoirs, three
in British Columbia (Keenleyside and Mica on the Columbia River,
and Duncan Dam on the Duncan River, a tributary of the Kootenay
River), and one in Montana (Libby Dam on the Kootenai River). The
reservoir of Libby Dam inundated the Kootenai / Kootenay River into
Canada. United States taxpayers paid for the construction of all these
dams. The benefits to the United States of this arrangement was that
water captured during spring floods and stored in the storage reservoirs behind these dams was released to firm up power production
at downstream dams in the United States. Hydropower dams, in the
United States were no longer at the mercy of seasonal flows. “Now
they could turn the Columbia River on and off like a faucet” (Dietrich
1995). The Columbia River Treaty was signed by the President of
the United States and the Prime Minister of Canada on 17 January,
1961 and ratified by the United States Senate shortly thereafter. The
Canadian Parliament did not ratify the treaty until the United States
agreed in 1964 to purchase the power generated in British Columbia,
that the Province had no use for. This power was treated as surplus
and sold on the intertie access to the southwestern United States.
In 1964, federal project operator / regulatory agencies (i.e.,
United States Army Corps of Engineers, United States Bureau of
Reclamation, United States Department of Energy Bonneville Power
Administration), public utility districts, municipal utilities, and investor owned utilities in the Pacific Northwest signed the Pacific
Northwest Coordination Agreement. This agreement originally established a process that prioritizes how the water stored in Canada
was to be used to maximize power production at each dam. In 1997,
the Coordination Agreement was revised to include other non-hydropower objectives (e.g., provisions required under the Endangered
Species Act required by National Marine Fisheries Service and United
States Fish and Wildlife Service to protect listed species of salmonids).
Hugh Keenleyside Dam (originally called Arrow Lake Dam)
(Figure 5.38) at RKM 1,232 (RM 770) is an earth fill and concrete
gravity dam that became operational in 1968. The dam is operated by BC Hydro. The reservoir behind the dam inundates the
lower and upper Arrow lakes and extends 232 km (145 mi) north
to Revelstoke Dam. The reservoir volume contains 7.1 million acrefeet of water. The reservoir is typically drawn down about 15–20 m
annually to meet the power demands of downstream dams.
A navigational lock was built into Keenleyside Dam so that tugboats and log booms could move between the reservoir and mills
located downstream of the dam. Until 2002, Keenleyside Reservoir
did not have a powerhouse and was operated only to provide water
storage in accordance with the Columbia River Treaty. A 185 megawatt (mw) hydroelectric generating plant that generated 772 GWh
annually was added in 2002. The station is owned by the Columbia
Power Corporation, a Crown Corporation owned by the Province
of British Columbia (BC) and the Columbian Basin Trust (which
is controlled by the BC government).
Fishes found in Keenleyside Reservoir were described by
Shreffler et al. (1994) and include:
• Acipenseridae: white sturgeon;
• Cyprinidae: lake chub, carp, peamouth, northern pikeminnow,
longnose dace, leopard dace, redside shiner;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;
• Salmonidae: lake whitefish, mountain whitefish, cutthroat trout,
rainbow trout, kokanee salmon, bull trout, brook trout;
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• Gadidae: burbot; and
• Cottidae: prickly sculpin, slimy sculpin, torrent sculpin.

Prior to construction of Revelstoke Dam, the Arrow Lakes annually produced 0.8–1.6 million adult kokanee that escaped into
spawning streams (Sebastian et al. 2000). After construction of
Revelstoke Dam, kokanee spawning escapement declined to as low
as 103,000 annually (Sebastian et al. 2000). Revelstoke Dam affected
kokanee salmon in the Arrow lakes in two ways. First it blocked
the upstream migration of about 500,000 adult kokanee per year
that spawned in tributaries of the Columbia River located above
Revelstoke Dam. Second, Revelstoke Dam intercepted nutrients
that sedimented out in its deep reservoir that should have been carried by water currents into the Arrow lakes. This reduced primary
(phytoplankton) and secondary (zooplankton) productivity in the
Arrow Lakes, which resulted in a decline of kokanee, which fed principally upon the zooplankton. Gerrard strain rainbow trout were
planted in the Arrow Lakes between 1984 and 1997, but stocking was
discontinued in 1998 as a result of a decline in the kokanee population (Gerrard strain are adfluvial Kamloops rainbow trout that attain large size and feed on kokanee). Since 1999, the BC Ministry of
the Environment has been artificially adding nitrogen and phosphorus fertilizers to Keenleyside Reservoir, in an attempt to restore the
primary, secondary, and kokanee productivity in the Arrow lakes.
During six years, between 1999 and 2004, an average of 1,273 mg ⁄ m²
nitrogen from fertilizer was added in addition to 11,434 mg ⁄ m² of
nitrogen coming into the lake from natural source and 258 mg ⁄ m²
of phosphorus from fertilizer was added in addition to 238 mg ⁄ m²
phosphorus coming into the lake from natural sources (Schindler et
al. 2006). This increased phytoplankton, zooplankton, and kokanee
production, which subsequently declined somewhat after their initial increase but still exceeded pre-fertilization production.
Revelstoke Dam (Figure 5.38) at RKM 1,464 (RM 915) became
operational in 1984. Four hydropower generating units were initially installed and a fifth was added in 2010 / 2011, bringing the
generating capacity to 2,480 MW. The dam is 175 m (575 ft) in
height and impounds water to the tailrace of Mica Dam. The surface area of the reservoir is 11,534 hectares (28,501.1 acres).
Fishes reported to occur in Revelstoke Reservoir include:
• Cyprinidae: peamouth, northern pikeminnow, redside shiner;
• Catostomidae: longnose sucker, largescale sucker;
• Salmonidae: mountain whitefish, rainbow trout, kokanee
salmon, bull trout;
• Gadidae: burbot; and
• Cottidae: prickly sculpin.

In 2009, kokanee abundance in Revelstoke Reservoir was
estimated, using hydroacoustics, at 1.24 million (95% CI = 1.08–
1.41 million) fishes (http://bchydro.com). This number was similar
to the average (1.27 million fish) of similar surveys made during
the summers of 1993, 1994, and 2001–2008.
Mica Dam (Figure 5.38), at RKM 1,536 (RM 960), is an earth
fill embankment dam that is owned and operated by BC Hydro.
The dam has been in operation since 1973. Its powerhouse contains
four hydropower turbines with a generating capacity of 1,740 mw.
Another two generating units are scheduled to be added in 2014
and 2015. At that time the generating capacity is projected to be
2,805 mw. The height of the dam is 244 m (801 ft) above bedrock.
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Figure 5.38

(A) Hugh Keenleyside Dam (US-PD). (B) Revelstoke Dam. Photo courtesy of Kelownian Pilot CC BY-SA-3.0. (C) Mica Dam
US-PD), (D) Duncan Dam (US-PD), and (E) Libby Dam. Photo courtesy of USACE (US-PD). Keenleyside, Revelstoke, and
Mica dams are on the Columbia River and Duncan and Libby dams are on the Kootenai River drainage.
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Its reservoir inundated and enlarged Kinbasket Lake. The surface
area of the reservoir is 430 km² (170 sq. mi). It has a storage capacity of 12 million acre-feet of water, of which 7 million acre-feet is
Columbia River Treaty storage and 5 million acre-feet is non-treaty
storage. Non-treaty storage refers to the amount of water stored in
Kinbasket Reservoir beyond that specified in the Columbia River
Treaty (when Mica Dam was constructed BC Hydro built the dam
to impound an extra 5 million acre-feet beyond 7 million acre-feet
required by the Columbia River Treaty). Since 1977, BPA and BC
Hydro have negotiated a series of non-treaty storage agreements
for using this non-treaty storage water. The current agreement expires in 2011. In 2011, negotiations began to extend the non-treaty
storage agreement until 2024.
Fishes that occur in Kinbasket Reservoir were described by
Shreffler et al. (1994) and include:
• Cyprinidae: peamouth, northern pikeminnow, longnose dace,
redside shiner;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;
• Salmonidae: lake whitefish, mountain whitefish, rainbow
trout, kokanee salmon, bull trout, brook trout;
• Gadidae: burbot; and
• Cottidae: prickly sculpin, torrent sculpin.

Kokanee abundance (all ages) in Kinbasket Reservoir was estimated at 8.7 million (95% CI = 7.8–9.6 million) in 2009 based on
hydroacoustic data. In previous years kokanee abundance averaged (ranged) 9.1 (5.0–17.0) million fish (http://www.bchydro.com).
Duncan Dam (Figure 5.8) inundated the Duncan River, a
tributary of the Kootenay River. It is an earth fill dam with no
hydroelectric generating capability. It is owned and operated by
BC Hydro. Its backwaters expanded Duncan Lake, which was
originally 25 km (15.5 mi) long, to a lake that is now 45 km (28
mi) long. The lake fluctuates about 30 m (98 ft) in elevation annually. It provides water for the Columbia River Treaty. The dam
was completed in 1967 and was the first of the three Columbia
River Treaty dams to be completed in British Columbia. The lake
lies between the Purcell Mountains to the east and the Selkirk
Mountains to the west.
Libby Dam on the Kootenai River, Montana is 129 m (422 ft)
tall and inundates 140 km (90 mi) of the Kootenai River, 76.8 km
(48 mi) in the United States and 68 km (42 mi) in Canada. The
reservoir is called Lake Koocanusa (Koo for Kootenai; can for
Canada; usa for the United States of America). The maximum
depth of Lake Koocanusa is 110 m (370 ft) at full pool elevation of
2,459.0 ft. Libby Dam has a storage capacity of 5.8 million acre-feet.
Construction of Libby Dam (Figure 5.38) trapped nutrients
that should have travelled downstream to Kootenay Lake, a natural Lake in British Columbia that should have been the recipient of
those nutrients. The lack of nutrients resulted in decreased levels
of primary (phytoplankton) and secondary (zooplankton) producing which ultimately caused the collapse of the kokanee salmon
population in the lake.
Libby Dam also altered the natural hydrograph of the
Kootenai River. Instead of high flows during spring runoff, Libby
Reservoir now holds back most of this water, making the spring
one of the lowest discharge periods of the year. Now the water is
released to produce electricity to heat homes during the winter,
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turning what was formerly one of the lowest discharge periods
of the year into one of the highest. This has created problems for
Kootenai River white sturgeon, which are currently listed as a
federal Endangered Species. White sturgeon formerly migrated
upstream from Kootenay Lake into the Kootenai River, Idaho
during high spring flows to spawn. At present, flows are apparently not sufficiently high enough to stimulate migration. (See
more about this in Volume II, Chapter 8, Acipenseridae sturgeon). Kootenai River burbot have also been impacted because
they formerly ascended the Kootenai River to spawn during the
winter. Burbot are wimpy swimmers and one reason they migrate and spawn during the winter is because flows are low. At
the present time, with high flows coming out of Libby Dam during the winter, burbot apparently lack the stamina to migrate
upstream to spawn. (See more about this in Volume IV, Chapter
18, Gadidae–burbot). Thus Libby Dam has also caused a collapse
of the white sturgeon and burbot populations in Kootenay Lake
and the Kootenai River.

LOWER SNAKE RIVER RESERVOIRS
Fishes reported to occur in the four lower Snake River reservoirs
are comprised of 14 families and 44 species (USACE 2002; Pomeroy
Conservation District and Nez Perce Tribe 2004), including:
• Petromyzontidae: Pacific lamprey;
• Acipenseridae: white sturgeon;
• Clupeidae: American shad;
• Cyprinidae: chiselmouth, goldfish, carp, peamouth, northern
pikeminnow, longnose dace, speckled dace, redside shiner,
tui chub, tench;
• Catostomidae: bridgelip sucker, largescale sucker, mountain
sucker;
• Ictaluridae: yellow bullhead, brown bullhead, channel catfish,
tadpole madtom, flathead catfish;
• Esocidae: redfin pickerel;
• Salmonidae: mountain whitefish, coho salmon, steelhead / rainbow trout, sockeye / kokanee salmon, Chinook
salmon, brown trout, bull trout;
• Percopsidae: sandroller;
• Poeciliidae: western mosquitofish;
• Fundulidae: banded killifish;
• Cottidae: prickly sculpin, mottled sculpin, Paiute sculpin;
• Centrarchidae: pumpkinseed, warmouth, bluegill, smallmouth
bass, largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch, walleye.

In addition to most of the species listed above, Lance et al.
(2001) and Dodson et al. (2002) have recorded six additional species inhabiting the middle Snake River Reservoirs behind Hells
Canyon, Brownlee, Oxbow, and C. J. Strike dams, including:
• Ictaluridae: black bullhead;
• Salmonidae: cutthroat trout, brook trout;
• Cottidae: shorthead sculpin, torrent sculpin; and
• Cobitidae (loaches): oriental weatherfish Misgurnus anguillicaudatus (Cantor, 1842).
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The following species of Snake River salmonids have been
listed as threatened or endangered under the Federal Endangered
Species Act:
• Snake River sockeye salmon were listed as endangered
in 1991.
• Snake River spring / summer Chinook salmon were
listed as threatened in 1992.
• Snake River fall Chinook were listed as threatened in
1992.
• Snake River steelhead trout were listed as threatened
in 1998.
• Snake River bull trout were listed as threatened on 10
June, 1998.
Electrofishing surveys conducted by the United States
Geological Survey, Biological Resource Division, [USGS (BRD)]
Cook, Washington in the four lower Snake Reservoirs recorded
the presence of sandrollers in Lower Monumental Reservoir and
the presence of three spine stickleback in Lower Granite Reservoir.
Western mosquitofish were found in levee ponds adjacent to Lower
Granite Reservoir at Lewiston, Idaho. Underwood et al. (1995) and
Faler et al. (2004) implanted radio transmitters in bull trout in the
Tucannon River and found that although most of them exhibited
a resident life history and remained continuously in the Tucannon
River, a few individuals exhibited a secondary adfluvial life history
and migrated into Lower Monumental Reservoir.
Natural reproduction of steelhead occurs in the Clearwater,
Salmon, Grande Ronde, and Tucannon rivers and in several minor Washington tributaries of the Snake River (Alkali, Flat, Almota,
Alpoa, Asotin, Deadman, Meadow, and Steptoe creeks). Fall Chinook
spawn in suitable areas in the Snake River below Hells Canyon Dam
and below some of the lower Snake River dams (Dauble et al. 1999).
Spring Chinook salmon spawn in the Snake tributaries.
Snake River coho salmon were considered to be extinct by
the mid 1980s. Recent efforts by the Nez Perce Tribe to re-introduce coho from tributaries in the lower Columbia River into the
Clearwater River drainage, Idaho commenced in 1995. Some of
these fish have been recovered as adult spawners at Lyons Ferry
Hatchery and Tucannon River, which are located downstream from
the confluence of the Snake and Clearwater rivers, while others have
been recorded in the Clearwater River and its tributaries.
Despite being the largest tributary of the Columbia, water is an
issue on the Snake River. The Snake River contributes approximately
26% of the average annual discharge of the Columbia River, based
upon measuring the average annual discharges at Ice Harbor Dam on
the Snake River (47,680 cfs) and Bonneville Dam on the Columbia
River (183,300 cfs). This is because most of the 15 dams along the
Snake River are run-of-the-river-dams with little storage capacity.
The average annual runoff of the Columbia River measured at The
Dalles Dam is 133.6 million acre feet of water, of which dams upstream from The Dalles have a combined storage capacity of 55.3 million acre feet. Of this total, approximately 79% (43.6 million acre feet)
is stored behind storage reservoirs in the upper Columbia Basin (i.e.,
Grand Coulee, Keenleyside, and Mica dams on the Columbia River,
Albeni Falls and Hungry Horse dams in the Pend Oreille / Clark
Fork / Flathead system, and Duncan and Libby dams in the Kootenai
River system) (Figure 5.39). The four Lower Snake River Reservoirs
together have 1.38 MAF of storage capacity, < 2.5% of the total storage

capacity in the basin. The remaining 10.38 million acre feet (18.5% of
the total) is stored behind storage dams in the middle (Brownlee)
and upper (Minidoka, American Falls, Palisades) Snake rivers, and
behind storage dams in the Clearwater (Dworshak), Payette (Black
Canyon) and Boise (Anderson Ranch, Lucky Peak) rivers.
Additionally, much of the water stored in the Snake Basin is used
to irrigate croplands along the arid Snake River plain in southern
Idaho. For example, the largest irrigation project in the Snake River
Basin, the Minidoka Project, a United States Bureau of Reclamation
project started in 1909, consists of six storage dams and two diversion dams in the upper Snake River Basin that irrigate 445,000 hectares (1.1 million acres) of farmlands. Water travels through thousands
of kilometers of distribution canals and leaves the river up to six or
seven times to irrigate crops as it passes down the Snake system.
Although some of this water is returned to the Snake River, some of
it is used to make plant biomass, some is lost to evapotranspiration
by plants, and some is lost to evaporation. The water that is returned
to the Snake has fertilizing nutrients (nitrogen, phosphorus) and agricultural chemicals (pesticides, herbicides) added each time.
In contrast, the largest irrigation project in the Columbia Basin
is the Columbia Basin Project. Water is pumped up from Lake
Roosevelt into Banks Lake then flows through a system of underground tunnels and open-air canals to irrigate 271,000 hectares
(690,000 acres). Water in the Columbia Basin Project leaves the
river once and is used twice to irrigate crops. Because relatively less
cropland is irrigated, and because the water is used fewer times to
irrigate crops, relatively less water is lost to make plant biomass,
evapotranspiration, or transpiration. Also the water is less contaminated by fertilizers, pesticides, and herbicides.
Construction of the four lower Snake Reservoirs has appreciably slowed Snake River flows. The net result is that construction of
dams on the Snake River has impeded the discharge of the Snake
River to such an extent that it now takes salmonids that originate
in tributaries of the Snake River in Idaho (i.e., Clearwater and
Salmon rivers) nearly twice as long to reach the Columbia River
estuary as it used to. Before the dams were in place, it took salmon
migrating from the Clearwater and Salmon rivers approximately
30 days to reach the ocean whereas today it takes approximately 60
days, making them vulnerable to predators for a longer time. Also,
because flows are decreased, sediments precipitate in reservoirs,
which reduces turbidity and increases the distance at which visual
predators can detect prey. Additionally, there was a concern that
if the fish did not reach the ocean within about 40 days of starting their migration, their osmoregulatory physiology, which was
euryhaline would readapt to a stenohaline freshwater regulation.
Another problem was that by the time the last of the four lower
Snake dams was completed in 1975, a total of 12 turbines were in operation. By 1978, 12 additional turbines had been added. When only
12 turbines were operating, a considerable volume of water had to be
spilled because the total discharge of the Snake River exceeded the
hydraulic capacity of the turbines. After 24 turbines were installed
the hydraulic capacity of the turbines exceeded the total discharge
of the Snake River except during the highest discharge years, which
meant that the entire flow during low and normal discharge years
had to pass through the turbines, and little or no water had to be
spilled in those years. This forced more juvenile salmonids through
the powerhouse, where they experienced greater mortality then
if passed over the spillways. Although most fish pass through the
turbines without being chopped up, the pressure changes that fish

A. T. Scholz

291

Figure 3.__ Columbia River Reservoirs
Chapter 5

COLUMBIA RIVER
Mica

2700

Revelstoke

2400

100

Chief Joseph

Rock Island

McNary

John Day

300

12.0 MAF

1.5 MAF

7.1 MAF

5.2 MAF

0.12 MAF

0.1MAF
0.04 MAF
0.01 MAF
.016 MAF
0.04 MAF
0.19 MAF
0.53 MAF
0.05 MAF
0.14 MAF
The Dalles

Bonnevile

600

Wanapum

900

Rocky Reach
Wells

1500
1200

Keenlyside

Grand Coulee

1800

Hanford Reach
Priest Rapids

Elevation (Feet msl)

2100

200

300

400

500

600

700

800

900

1000

1100

1200

River Mile

Figure 3.__ Snake River Reservoirs
SNAKE RIVER
800

Lower Granite

600

400

Lower Monumental
McNary

Elevation (Feet msl)

Little Goose

Ice Harbor

0.44 MAF

0.49 MAF

0.2 MAF

0.25 MAF

200
0.19 MAF

20

40

60

80

100

120

140

River Mile
Figure 5.39

292

Profiles of the Columbia and lower Snake River basins showing the relative amounts of water stored in each of the
mainstem reservoirs. Also, shown is the usable storage (in millions of acre feet or MAF). Usable storage is the difference
between the amount of acre-feet of water stored in the reservoir at the elevation of normal full pool (NFP) and minimum
operating pool (MOP).
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experience when they entrain through the turbines can be deadly.
Also, fish passing through turbines are stunned and disoriented,
so they are easy prey for piscivorous fish predators (e.g., northern
pikeminnow, walleye, smallmouth bass) and birds that aggregate in
the tailraces below the dams awaiting ‘easy pickins’. It was estimated
that 15% of all fish passing through the turbines of each dam are
killed, and that the cumulative mortality of fish passing through the
four dams on the lower Snake River and four dams on the Columbia
River (8 dams total) was 77%. For every 100,000 fish arriving
at lower Granite Dam, only 23,000 would still be alive after they
passed Bonneville Dam. In contrast, salmonids that passed over the
spillways experienced only 2% mortality (Mighetto and Ebel 1994).
The United States Army Corps of Engineers (USACE) constructed elaborate juvenile bypass systems that guided juvenile salmonids away from the turbines. Turbine bypasses consisted of a
gatewall slot cut into each turbine intake that allowed submersible
travelling screens (STS) to be lowered into the 45–50 feet diameter
intake tube. The screen blocked approximately the upper 15–25 feet
of the intake tube. Salmon and steelhead smolts are slightly buoyant, so as they pass through the turbine intake, about 70% of them
are intercepted by the STS, which is in constant motion to prevent
leaves or sticks from collecting on it and blocking the channel. This
motion also distracts the fish. These fish then upwell in the gatewell
and pass through orifices into a canal that takes the fish around
the dam into a juvenile collection facility, where the fish can be
examined and marked. Fish can be loaded onto a barge to be transported downstream through the locks of other dams or they can
be released in the tailrace on the downstream side of the dam (See
Volume III, Chapter 16 on salmonids for more details about juvenile bypass systems). Prior to entering the juvenile collection facility, bypassed fish pass through a separator screen. Larger resident
fish and some larger salmonids cannot pass through the separator
screen whereas most salmon and steelhead smolts can.
In 1982, the Northwest Power Planning council (NPPC), now
called the Northwest Power and Conservation Council (NPCC),
established a “water budget” of 1.2 million acre-feet (MAF), which
was a block of water set aside in storage reservoirs that was to be released during the smolt migration season (15 April to 15 June). The
release of water at this time was intended as “flow augmentation” to
create an artificial freshet that would speed salmon on their way to
the ocean. Flow augmentation also occurs later in the summer to
cool water in the Snake River. In NPPC’s 1987 Columbia Basin Fish
and Wildlife Program, the water budget was expanded to approximately 3.65 MAF comprised of 2.01 MAF stored in Lake Roosevelt in
the Columbia River and 1.64 MAF stored in reservoirs in the Snake
Basin (principally Dworshak Reservoir on the North Fork of the
Clearwater River). By 1992, in their “Strategy for Salmon,” the NPPC
increased the water budget to 8 MAF. With the listing of Snake
River spring / summer and fall Chinook salmon as “threatened”
under the Endangered Species Act in 1992, the National Marine
Fisheries Service (NMFS) issued a biological opinion (BiOp) which
set flow augmentation targets that replaced the water budget. The
flow augmentation was increased to about 11.9 MAF in 1994. The
BiOp was revised in 1998 which further increased the amount of
water for flow augmentation to approximately 12.5 MAF. The BiOp
has been revised several times since 1998, and has increased flow
augmentation to approximately 13.5 MAF.
Spill differs from flow augmentation or the water budget because
spill is water that passes over the spillway of a dam to help the fish

avoid the turbines. Fish moving over the spillway of a dam suffer
only 2% mortality, whereas those that pass through turbines suffer
15% mortality. Therefore, the NPPC (and later NMFS in their BiOp)
required that water be spilled even in low and moderate discharge
years when all of the water could be passed through the turbines. The
rub is that spilled water does not generate electricity and therefore
represents foregone revenues to Bonneville Power Administration,
the federal marketing agency that sells electricity generated by the
dams in the Federal Columbia River Power System (FCRPS). The
amount of money lost by spilling water over dams in the Columbia
Basin was estimated at $55–92 million annually (BPA 2005).
More recently, in 2004, 2005, and 2007 the Corps of Engineers
installed removable spillway weirs (RSWs) or “fish slides” at several
dams on the Snake River. RSWs require less water to be spilled and
they pass more fish than conventional spillways, which means that
more water can pass through the power house to drive hydroelectric generation (see Chapter 16 for more details about RSWs).

Ice Harbor Reservoir (Lake Sacajawea)
(RKM 15.5–66.6)
Ice Harbor Reservoir is 51.0 km (31.9 mi) long between Ice Harbor
[Snake River Mile (SRM) 9.7] (Figure 5.40) and Lower Monumental
(SRM 41.6) dams. Bathymetry and physical (morphometric) characteristics of Ice Harbor Reservoir is recorded in Table 5.30. Ice Harbor
Reservoir is a run-of-the-river reservoir with water retention time that
averages 2–13 days, depending on reservoir elevation and discharges
(USACE 2008). It is lowest at minimum operating pool (elevation 437)
and maximum discharge (120 KCFS) and highest at maximum pool
(elevation 440 ft) and minimum discharge (15 KCFS) (USACE 2008).
Counts of anadromous fish migrating up the fish ladders at Ice
Harbor Dam are shown in Table 5.31. Counts averaged 63,750 Chinook
salmon, 1,360 coho salmon, 231 sockeye salmon, 109,905 steelhead
trout, 1 pink salmon, 59,167 American shad, and 576 Pacific lamprey
per year over a 48-year period of record (1962–2010) (Table 5.33). In
the most recent 10-year interval, counts averaged 130,878 Chinook,
2,145 coho, 306 sockeye, 234,983 steelhead, 208,502 American shad,
and 550 Pacific lamprey per year (Table 5.27). Between 1962 and 2010,
the number of pink salmon counted in the fish ladder at Ice Harbor
Dam totaled 12 fish, all of them counted in 2003.
Coho and sockeye have been brought back from the brink of
extinction. Coho numbers averaged (ranged) 1 (0–6) between 1985
and 1994 and numbered 0 in six of those years. From 2001–2010
coho numbers averaged (ranged) 2,145 (231–5,436). Efforts to restore coho have been attempted by the Nez Perce Tribe and appear
to be meeting with some success.
Sockeye numbers averaged (ranged) 18 (0–122) between 1985
and 1999. From 2001–2010, sockeye numbers averaged (ranged)
306 (18–1,302). Efforts to restore endangered sockeye salmon are
being accomplished by several federal and state fisheries agencies.
In 2010, the largest number of sockeye (n = 1,302) since record
keeping began was recorded at Ice Harbor Dam.
From 2000–2009, a total of 5,186 Pacific lamprey were
counted in the fish ladders at Ice Harbor Dam. During this 9
year interval, an average (range) of 576 (57–1,702) individuals
were counted per year. Counts at Ice Harbor Dam were historically as high as 49,700 individuals in 1968, so Pacific lamprey
entering the Snake River have suffered an 87% decline in population abundance in recent years.
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A

B

Figure 5.40

(A) Ice Harbor Dam. Photo courtesy of USACE, US-PD. (B) Wheat barge being pushed by tugboat on Lake Sacajawea
(Ice Harbor Reservoir). Photograph courtesy of USACE, US-PD. (C) Ice age flood bar on the shoreline of Lake Sacajawea.
Photo courtesy Bruce Bjornstad, © 2004 all rights reserved.
Table 5.30

C

Bathymetry and physical characteristics for Ice
Harbor Reservoir (Lake Sacajawea), Snake River
RM 9.8. NFP = normal full pool

Parameter

Metric Units

English Units

134.1 m

440.0 ft

Surface elevation (altitude)
Reservoir length
Surface area

• Petromyzontidae: river lamprey (I found no independent records that confirmed the presence of river lamprey in Ice
Harbor Reservoir), Pacific lamprey;
• Acipenseridae: white sturgeon;
• Clupeidae: American shad;
• Cyprinidae: chiselmouth, carp, grass carp, peamouth, northern pikeminnow, longnose dace, leopard dace, speckled
dace, redside shiner, tench;

mean depth

14.5 m

48.6 ft

33.5 m

110.0 ft

Shoreline perimeter

106.2 km

66.4 mi

Average width

0.64 km

0.4 mi

Maximum width

1.6 km

1.0 mi

502,027,107 m³

407,000 acre-ft

• Percidae: yellow perch, walleye.

Bennett et al. (1983) captured 3,869 total fish in Ice Harbor
Reservoir from April 1979 through November 1980 using electrofishing, gill nets, trap nets, and beach seines. Eight families and 25
species were represented in the catch, including:
• Acipenseridae: white sturgeon (n = 2);
• Cyprinidae: chiselmouth (n = 99), carp (n = 256), peamouth
(n = 23), northern pikeminnow (n = 347), redside shiner
(n = 553);
• Catostomidae: bridgelip sucker (n = 402), largescale sucker
(n = 1,257);

• Catostomidae: bridgelip sucker, largescale sucker, mountain
sucker;

• Ictaluridae: yellow bullhead (n = 1), brown bullhead (n = 20),
channel catfish (n = 218), tadpole madtom (n = 1), flathead
catfish (n = 2);

• Ictaluridae: brown bullhead, channel catfish, flathead catfish,
tadpole madtom;

• Salmonidae: mountain whitefish (n = 10), rainbow trout
(n = 6), Chinook salmon (n = 2);

• Salmonidae: mountain whitefish, westslope cutthroat trout,
coho salmon, steelhead / rainbow trout, sockeye salmon,
Chinook salmon, bull trout;

• Cottidae: prickly, mottled, and Piute sculpin (n = 38 total
sculpin);

• Fundulidae: banded killifish;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and
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31.9 mi
8,375 acres

Maximum depth

Reservoir volume @ NFP

The white sturgeon population occupying Ice Harbor Reservoir
was estimated at 4,560 individuals in 1996 (Devore et al. 1998).
Distribution maps in Wydoski and Whitney (2003) indicated
that 37 species and 10 families of fishes occurred in Ice Harbor
Reservoir, including:

51.0 km
3,390 hectares

• Centrarchidae: pumpkinseed (n = 70), bluegill (n = 21), smallmouth bass (n = 102), largemouth bass (n = 31), white crappie (n = 118), black crappie (n = 141); and
• Percidae: yellow perch (n = 145).
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Table 5.31

Counts of anadromous fish migrating up the fish ladders at Ice Harbor Dam, Snake River, 1962–2010. Also shown are the
average counts over the period of record (1962–2010) and the most recent 10-year interval (2001–2010). n / a = not available.
Data from Columbia River Fish Passage Center, Portland, Oregon. http://www.fpc.org/adultsalmon_home.html.

Year

Chinook
Total

Spring
Chinook

Summer
Chinook

Fall
Chinook

Coho

Sockeye

Steelhead

Pink

American
Shad

Pacific
Lamprey

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

94,200
61,200
60,100
39,300
75,900
84,800
98,700
100,500
77,700
70,200
82,500
81,830
32,360
31,660
36,460
56,514
61,336
13,911
14,692
22,083
22,646
20,259
17,968
47,989
52,595
47,393
48,134
27,234
31,841
23,191
36,021
34,991
7,581
7,990
16,419
55,412
26,052
23,240
72,065
215,552
137,404
143,197
130,213
58,361
52,501
69,105
123,007
180,349
199,092

33,600
26,800
24,300
12,200
43,900
35,500
44,800
52,100
47,900
32,600
50,300
60,700
19,300
21,400
25,000
44,421
49,303
9,247
9,668
16,167
14,600
12,602
9,070
33,539
39,052
32,083
34,394
17,029
20,730
11,281
26,114
24,935
3,472
1,873
7,671
41,473
12,564
8,008
48,296
174,199
87,033
86,190
81,752
29,306
26,309
35,751
60,899
83,658
107,235

30,600
20,900
24,700
14,700
17,000
30,300
29,500
30,900
19,400
26,600
22,800
12,830
10,250
7,740
10,000
10,337
10,440
2,608
3,305
3,814
4,527
4,922
6,453
5,245
7,745
6,935
7,858
4,215
5,794
5,861
4,377
6,919
1,003
915
4,086
9,318
5,777
5,211
7,420
17,667
29,044
25,343
16,185
9,817
9,085
10,237
28,657
33,256
33,086

30,000
13,500
11,100
12,400
15,000
19,000
24,400
17,500
10,400
11,000
9,400
8,300
2,810
2,520
1,460
1,756
1,593
2,056
1,719
2,102
3,519
2,735
2,445
9,205
5,798
8,375
5,882
5,990
5,317
6,049
5,530
3,137
3,106
5,202
4,662
4,621
7,711
10,021
16,349
23,686
21,327
31,664
32,276
19,238
17,107
23,117
33,451
63,435
58,771

3,207
1,933
2,071
320
878
3,770
6,227
5,316
3,636
2,969
2,522
2,443
1,334
1,559
1,991
1,561
652
396
56
82
348
465
22
6
0
0
0
0
1
0
0
2
1
4
0
128
15
126
1,142
1,360
231
1,431
3,519
1,621
971
2,147
3,003
5,436
1,735

38
1,118
1,276
317
278
717
1,165
745
797
532
363
233
204
243
771
582
86
30
36
142
174
216
105
122
16
13
22
4
2
9
33
17
0
5
1
15
7
8
216
38
61
37
91
18
48
55
539
867
1,302

115,796
74,539
58,860
62,873
65,798
44,205
82,383
63,889
53,870
67,029
63,593
38,311
12,528
16,218
23,885
54,820
26,440
20,792
47,942
39,441
73,405
88,720
93,891
116,878
144,278
74,365
100,519
151,101
54,758
123,765
160,614
73,107
59,969
92,026
111,253
114,154
88,694
93,482
143,250
301,977
253,481
232,475
209,025
190,790
150,953
185,146
214,468
404,539
206,971

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
0
0
0
0
0
0
0
0
0
0
0
12
0
0
0
0
0
0
n/a

253
675
373
532
398
6,531
584
441
400
134
1,268
11,012
603
3,483
5,290
41,192
16,278
10,489
2,857
5,048
19,337
13,942
8,504
8,120
5,403
8,209
112,081
119,199
90,164
58,571
171,607
48,801
33,443
22,226
12,954
5,434
14,296
32,576
70,783
287,874
81,373
245,805
365,493
281,114
213,229
202,818
119,312
79,496
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
737
668
n/a
n/a
315
203
1,127
1,702
805
461
277
290
264
57
n/a

3,123,748
1,308,781
63,750
130,878

1,830,324
772,332
37,354
77,233

655,682
212,377
13,381
21,238

637,742
324,072
13,015
32,407

66,637
21,454
1,360
2,145

13,714
3,056
280
306

5,341,266
2,349,825
109,005
234,983

12
12
1
1

2,840,005
1,876,514
59,167
208,502

6,906
5,186
576
550

Total
10 yr. total
Mean
10 yr. mean
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Gessel (1996) collected 3,979 total fish, representing 15 species
and 9 families from the Snake River at Ice Harbor Dam juvenile
bypass channel, Walla Walla County, including:

• Cyprinidae: northern pikeminnow (n = 1,133 caught, 102
harvested);
• Ictaluridae: yellow and brown bullhead (n = 32 caught, 0 harvested), channel catfish (n = 8,897 caught, 5,607 harvested);

• Petromyzontidae: Pacific lamprey (n = 2);
• Acipenseridae: white sturgeon (n = 1);

• Salmonidae: steelhead trout (n = 1,922 caught, 1,627 harvested); rainbow trout (n = 6,750 caught, 5,607 harvested);

• Clupeidae: American shad (n = 1);
• Cyprinidae: carp (n = 1), northern pikeminnow (n = 1);
• Catostomidae: bridgelip sucker (n = 6);
• Ictaluridae: channel catfish (n = 2);
• Salmonidae: mountain whitefish (n = 4), steelhead / rainbow trout (n = 1,009), sockeye / kokanee salmon (n = 52),
Chinook salmon (n = 3,884);
• Centrarchidae: pumpkinseed (n = 1), smallmouth bass (n = 1),
black crappie (n = 1); and
• Percidae: yellow perch (n = 14).

During index netting for white sturgeon in Ice Harbor
Reservoir in 1997, 1999, 2001, and 2002, Ward (2000, 2001, 2003,
2004) captured 6,018 total fish, representing at least 18 species and
8 families, comprised of:
• Acipenseridae: white sturgeon (n = 28);
• Clupeidae: American shad (n = 32);
• Cyprinidae: chiselmouth (n = 105), carp (n = 9), peamouth
(n = 1,876), northern pikeminnow (n = 329);
• Ictaluridae: brown bullhead (n = 1), channel catfish (n = 279);
• Salmonidae: steelhead / rainbow trout (n = 5), sockeye salmon
(n = 1), Chinook salmon (n = 4);
• Percopsidae: sandroller (n = 2);
• Centrarchidae: pumpkinseed (n = 2), smallmouth bass (n = 6),
black crappie (n = 4), unidentified crappie (n = 192); and
• Percidae: yellow perch (n = 272), walleye (n = 1).

Dawley (1996) collected 8,927 total fish, representing 20 species
and 8 families from the Snake River in the vicinity of Ice Harbor
Dam, including:
• Clupeidae: American shad (n = 4);

• Centrarchidae: pumpkinseed and bluegill (n = 5,739 caught,
4,852 harvested), smallmouth bass (n = 2,472 caught, 691
harvested), white and black crappie (n = 323 caught, 204
harvested);
• Percidae: yellow perch (n = 11,129 caught, 10,244 harvested);
• Other fishes (n = 502 caught, 103 harvested). Other fishes included: chiselmouth, carp, peamouth, bridgelip sucker, and
largemouth bass.

Lower Monumental Reservoir (Lake Herbert G. West)
(RKM 66.6–112.5)
Lower Monumental Reservoir is 28.7 miles long between Lower
Monumental (SRM 41.6) (Figure 5.41) and Little Goose (SRM 70.3)
dams. Bathymetry and physical (morphometric) characteristics
of Lower Monumental Reservoir are recorded in Table 5.32. Lower
Monumental Reservoir is a run-of-the-river reservoir, with water
retention time that averages 2–9 days, depending on reservoir elevation and discharge (USACE 2008). It is lowest at minimum operating
pool (elevation 577 ft) and maximum discharge (120 KCFS) and highest at maximum operating pool (Elevation 540 ft) and minimum
discharge (15 KCFS) (USACE 2008). Tributaries that enter the Snake
River in the Lower Monumental Reach include the Palouse River
(RKM 95.0, RM 88.0) and the Tucannon River (RKM 99.2, RM 62.0).
Thirteen families and 43 species of fishes occur in Lower
Monumental Reservoir, including:
• Petromyzontidae: Pacific lamprey;
• Acipenseridae: white sturgeon;
• Clupeidae: American shad;
• Cyprinidae: chiselmouth, carp, grass carp, peamouth, northern pikeminnow, longnose dace, speckled dace, redside
shiner, tui chub, tench;

• Cyprinidae: chiselmouth (n = 71), carp (n = 46), peamouth
(n = 184), northern pikeminnow (n = 195), redside shiner
(n = 31);

• Catostomidae: bridgelip sucker, largescale sucker;

• Catostomidae: unidentified suckers (n = 422);

• Salmonidae: mountain whitefish, lake whitefish, westslope
cutthroat trout, coho salmon, steelhead / rainbow trout,
sockeye / kokanee salmon, Chinook salmon, brown trout,
bull trout;

• Ictaluridae: channel catfish (n = 1), unidentified catfish
(Ictalurus sp.) (n = 33);
• Salmonidae: unidentified whitefish (Prosopium sp.) probably mountain whitefish (n = 16), steelhead / rainbow trout
(n = 5,853), Chinook salmon (n = 686);
• Cottidae: unidentified sculpin (n = 304);
• Centrarchidae: pumpkinseed (n = 75), bluegill (n = 199), smallmouth bass (n = 392), largemouth bass (n = 202), unidentified crappie (Pomoxis sp.) (n = 38); and
• Percidae: yellow perch (n = 163).

• Ictaluridae: brown bullhead, yellow bullhead, channel catfish,
tadpole madtom;

• Percopsidae: sandroller;
• Gasterosteidae: threespine stickleback;
• Fundulidae: banded killifish;
• Cottidae: prickly sculpin, mottled sculpin, Piute sculpin;
• Centrarchidae: pumpkinseed, warmouth, bluegill, smallmouth bass, largemouth bass, white crappie, black crappie;
• Percidae: yellow perch, walleye.

A creel survey was conducted at Ice Harbor Reservoir from
April to November 1997 (Normandeau Associates et al. 1999).
During this interval 24,195 anglers fished 106,218 hours to catch
38,980 and harvest 29,128 total fish. The catch was comprised of:
296

• Acipenseridae: white sturgeon (n = 37 caught, 0 harvested);

Distribution maps in Wydoski and Whitney (2003) indicated that 41 species and 12 families of fishes occurred in Lower
Monumental Reservoir, including:
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Figure 5.41

(A) Lower Monumental Dam. Photo courtesy of BPA. Inset, Lower Monumental Dam with juvenile salmon facility Photo
courtesy of the USACE, PD. (B) Marmes Rockshelter, excavated in 1962, located near the confluence of the Snake and Palouse
rivers is one of the oldest sites of human occupation in the Columbia Basin, radio carbon dated at 11,230 years BP. US-PD.

Table 5.32

Bathymetry and physical characteristics for Lower
Monumental Reservoir (Lake Herbert G. West),
Snake River RM 69.8. NFP = normal full pool.

Parameter

Metric Units

English Units

164.6 m

540.0 ft

Reservoir length

45.9 km

28.7 mi

Shoreline perimeter

103.2 km

64.5 mi

Average width

0.64 km

0.4 mi

Maximum width

1.28 km

0.8 mi

Surface area

2,667.0 hectares

6,590 acres

Mean depth

17.4 m

57.2 ft

Surface elevation (altitude)

Maximum depth
Reservoir volume @ NFP

39.6 m

130.0 ft

24,670,000 m³

20,000 acre-ft

B

• Petromyzontidae: river lamprey (I found no corroborating
records of river lamprey in Lower Monumental Reservoir),
Pacific lamprey;

• Percopsidae: sandroller;

• Acipenseridae: white sturgeon;

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and

• Fundulidae: (= Cyprinodontidae): banded killifish;
• Cottidae: mottled sculpin, Paiute sculpin;

• Clupeidae: American shad;
• Cyprinidae: chiselmouth, carp, grass carp, peamouth, northern pikeminnow, longnose dace, leopard dace, speckled
dace, redside shiner, tench;
• Catostomidae: bridgelip sucker, largescale sucker, mountain
sucker (I found no corroborating evidence of mountain
sucker in Lower Monumental Reservoir );
• Ictaluridae: brown bullhead, channel catfish, flathead catfish
(I found no corroborating evidence of flathead catfish in
Lower Monumental Dam), tadpole madtom;
• Salmonidae: mountain whitefish, westslope cutthroat trout,
coho salmon, steelhead / rainbow trout, sockeye / kokanee
salmon, Chinook salmon, brown trout, bull trout;

• Percidae: yellow perch, walleye.

Counts of anadromous fish migrating up the fish ladder at
Lower Monumental Dam are shown in Table 5.33. Counts averaged 57,880 Chinook salmon, 971 coho salmon, 213 sockeye salmon,
109,547 steelhead trout, < 1 pink salmon, 23,547 American shad,
and 185 Pacific lamprey per year over a 41-year period of record
(1969–2010) (Table 5.33). In the most recent 10-year interval (2001–
2010), counts averaged 127,438 Chinook, 2,351 coho, 379 sockeye,
236,464 steelhead, < 1 pink salmon, and 195 Pacific lamprey per year
(Table 5.33). Between 1969 and 2010, the number of pink salmon
A. T. Scholz
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counted in the fish ladder at Lower Monumental Dam totaled 3
fish, all of them counted in 2003. The white sturgeon population
occupying Lower Monumental Reservoir was estimated at 3,891 individuals in 1997 (DeVore et al. 1999a).
Bennett et al. (1983) captured 4,702 total fish in Lower
Monumental Reservoir from April 1979 through November 1980
using electrofishing, gill nets, trap nets, and beach seines. Nine
families and 25 species were represented in the catch, including:
• Acipenseridae: white sturgeon (n = 3);
• Clupeidae: American shad (n = 3);
• Cyprinidae: chiselmouth (n = 408), carp (n = 187), peamouth
(n = 25), northern pikeminnow (n = 823), redside shiner
(n = 219);
• Catostomidae: bridgelip sucker (n = 490); largescale sucker
(n = 849);
• Ictaluridae: yellow bullhead (n = 22); brown bullhead (n = 31),
channel catfish (n = 118), tadpole madtom (n = 1);
• Salmonidae: mountain whitefish (n = 2), rainbow trout
(n = 22); Chinook salmon (n = 3);
• Cottidae: prickly, mottled, and Piute sculpin (n = 80 total
sculpin);
• Centrarchidae: pumpkinseed (n = 145), bluegill (n = 5), smallmouth bass (n = 101), white crappie (n = 440), black crappie
(n = 129); and
• Percidae: yellow perch (n = 369).

A creel survey was conducted at Lower Monumental Reservoir
from April through November 1997 (Normandeau Associates et al.
1999). During this interval 21,073 anglers fished 92,520 hours to catch
19,530 and harvest 13,966 total fish. The catch was comprised of:
• Acipenseridae: white sturgeon (n = 66 caught, 0 harvested);
• Cyprinidae: northern pikeminnow (n = 439 caught, 256
harvested);
• Ictaluridae: yellow and brown bullhead (n = 135 caught,
135 harvested), channel catfish (n = 2,058 caught, 1,789
harvested);
• Salmonidae: steelhead trout (n = 2,513 caught, 2,242 harvested),
rainbow trout (n = 58 caught, 14 harvested);
• Centrarchidae: pumpkinseed and bluegill (n = 145 caught, 125 harvested), smallmouth bass (n = 3,943 caught, 2,802 harvested),
white and black crappie (n = 7,943 caught, 4,953 harvested);
• Percidae: yellow perch (n = 2,371 caught, 1,798 harvested);
• Other fishes (n = 132 caught, 50 harvested). Other fishes included largescale sucker and Chinook salmon.

Screens submerged in turbine intakes are used to direct anadromous and resident fish entraining through the turbines at Lower
Monumental Dam into a bypass channel and eventually into a
juvenile bypass facility where they are counted. Larger resident
fish are separated from smaller salmonids by having water flow
through a separator screen. Juvenile salmonids pass through the
screen whereas larger resident fish do not. From 1993–1997, besides
the hundreds of thousands of Chinook salmon and steelhead trout
counted, a total of 13,937 other fish were counted, including: 162
white sturgeon, 928 carp, 496 northern pikeminnow, 1,829 bridgelip and largescale sucker, 5,757 channel catfish, 162 smallmouth
bass, 658 white and black crappie, and 942 other fish (USACE 2002).
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Other fish included: Pacific lamprey, chiselmouth, peamouth, yellow and brown bullhead, mountain whitefish, coho salmon, sockeye / kokanee salmon, pumpkinseed, bluegill, largemouth bass, yellow perch, and walleye.
From March 1997 to December 2010, a total of 282,049 fishes
were captured incidentally to the hundreds of thousands of
Chinook salmon and steelhead trout smolts, and smaller numbers of coho and sockeye smolts passing through the juvenile
bypass system at Lower Monumental Dam (Fish Passage Center:
http://www.fpc.org, queried on 1 March, 2011). Eleven families
and 39 species were collected at the separator screen, including
(by relative abundance):
• Petromyzontidae: 11.5% lamprey (n = 32,473). Nearly all were
Pacific lamprey ammocetes larvae.
• Clupeidae: 52.5% American shad (n = 147,999);
• Cyprinidae: 0.4% chiselmouth (n = 1,066), 0.1% carp (n = 348),
4.6% peamouth (n = 12,866), 0.1% northern pikeminnow
(n = 323), < 0.1% redside shiner (n = 12), < 0.1% longnose dace
(n = 1), < 0.1% speckled dace (n = 1), < 0.1% tui chub (n = 1);
• Catostomidae: 1.3% bridgelip sucker (n = 3,748); < 0.1% largescale sucker (n = 17), 3.8% unidentified sucker (n = 9,812);
• Ictaluridae: 0.1% yellow and brown bullhead (n = 409), 4.4%
channel catfish (n = 12,326), < 0.1% tadpole madtom (n = 3);
• Salmonidae: < 0.1% lake whitefish (n = 5), 1.1% mountain
whitefish (n = 3,003), < 0.1% rainbow trout (n = 100), < 0.1%
steelhead trout (n = 6), < 0.1 sockeye salmon (n = 1), < 0.1%
kokanee (n = 80), 0.1% Chinook salmon (n = 301), < 0.1%
brown trout (n = 1), < 0.1% bull trout (n = 8);
• Percopsidae: 0.2% sandroller (n = 687);
• Gasterosteidae: < 0.1% threespine stickleback (n = 1);
• Cottidae: 1.5% unidentified sculpin (n = 4,313);
• Centrarchidae: 1.7% pumpkinseed and bluegill (n = 4,987),
< 0.1% warmouth (n = 2), < 0.1% largemouth bass (n = 115),
1.7% smallmouth and largemouth bass (n = 4,705), 14.7%
white and black crappie (n = 41,422);
• Percidae: < 0.1% yellow perch (n = 137), < 0.1% walleye (n = 17);
• Other fishes (n = 764). The only species identified was the one
tui chub captured on 28 June 2002.

From 2005–2010, the USACE monitored the following fishes
captured on the separator screen at the juvenile bypass facility
at Lower Monumental Dam (Elizabeth Lindsey, USACE, Lower
Monumental Dam, pers comm.). A total of 7,940 fish, representing
9 families and 20 species, were represented, including:
• Petromyzontidae: Pacific lamprey (n = 7);
• Acipenseridae: white sturgeon (n = 71);
• Clupeidae: American shad (n = 4,229);
• Cyprinidae: chiselmouth (n = 6), carp (n = 479), peamouth
(n = 86), northern pikeminnow (n = 87);
• Catostomidae: unidentified sucker (n = 4,229);
• Ictaluridae: unidentified bullhead (n = 44), channel catfish
(n = 965);
• Salmonidae: mountain whitefish (n = 8), bull trout (n = 2);
• Centrarchidae: pumpkinseed (n = 21), bluegill (n = 11), smallmouth and largemouth bass (n = 75), white and black crappie (n = 227); and
• Percidae: yellow perch (n = 44), walleye (n = 38).
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Table 5.33

Year

Counts of anadromous fish migrating up the fish ladders at Lower Monumental Dam, Snake River, 1969–2010. Also shown
are the average counts over the period of record (1969–2010) and the most recent 10-year interval (2001–2010). n / a = not
available. Data from Columbia River Fish Passage Center, Portland, Oregon. http://www.fpc.org/adultsalmon_home.html.
Chinook
Total

Spring
Chinook

Summer
Chinook

Fall
Chinook

Coho

Sockeye

Steelhead

Pink

American
Shad

Pacific
Lamprey

1969

86,800

48,700

30,500

7,600

6,466

1,127

71,436

n/a

541

n/a

1970

75,300

45,600

22,400

7,300

2,972

240

62,167

n/a

866

n/a

1971

68,900

30,900

27,800

10,200

2,171

808

70,114

n/a

2

n/a

1972

72,200

44,300

22,700

5,200

733

415

66,857

n/a

72

n/a

1973

80,600

62,700

12,400

5,500

1,333

206

39,530

n/a

4,036

n/a

1974

31,740

18,400

10,280

3,060

812

114

15,139

n/a

214

n/a

1975

33,100

21,400

8,600

3,100

572

146

17,363

n/a

161

n/a

1976

34,500

24,400

8,000

2,100

361

364

21,822

n/a

194

n/a

1977

8,001

39,171

8,183

1,947

122

292

47,749

n/a

3,362

n/a

1978

56,835

47,342

8,480

1,013

218

96

20,540

n/a

1,620

n/a

1979

11,288

7,921

2,083

1,284

194

31

17,794

n/a

4,908

n/a

1980

10,884

7,259

2,712

913

73

48

34,322

n/a

4,854

n/a

1981

19,991

14,275

4,092

1,624

63

136

35,923

n/a

1,274

n/a

1982

21,965

15,303

4,284

2,378

89

154

62,772

n/a

5,043

n/a

1983

19,073

13,102

4,447

1,524

111

119

80,570

n/a

12,595

n/a

1984

18,035

9,642

7,167

1,226

26

334

89,086

n/a

8,144

n/a

1985

41,018

30,535

4,807

5,676

24

65

106,183

n/a

5,375

n/a

1986

50,498

39,619

6,006

4,873

9

26

120,365

n/a

2,781

n/a

1987

42,445

31,948

5,941

4,556

6

16

62,681

n/a

6,563

n/a

1988

44,115

34,470

6,614

3,031

3

36

84,598

n/a

55,787

n/a

1989

25,590

18,286

4,386

2,918

17

9

129,618

n/a

43,043

n/a

1990

28,223

20,105

5,738

2,380

1

0

44,007

n/a

25,891

n/a

1991

18,139

9,628

5,268

3,243

3

6

97,534

n/a

20,484

n/a

1992

30,145

24,129

3,523

2,493

0

15

130,429

0

123,037

n/a

1993

34,151

24,506

7,349

2,296

0

17

68,531

0

15,896

n/a

1994

7,219

3,630

1,035

2,554

0

6

58,066

0

18,952

n/a

1995

7,883

2,159

1,108

4,616

4

4

90,136

0

9,673

n/a

1996

15,606

7,785

4,055

3,766

6

3

106,684

0

5,670

n/a

1997

51,556

38,625

9,253

3,678

30

16

92,364

0

6,879

n/a

1998

21,537

10,729

4,591

6,217

0

2

74,608

0

18,267

n/a

1999

20,271

6,650

4,716

8,905

88

15

83,742

0

41,759

n/a

2000

68,961

45,856

7,957

15,148

750

291

133,614

0

74,266

94

2001

225,279

182,571

20,899

21,809

957

32

298,596

0

224,248

59

2002

124,673

77,841

25,454

21,378

149

46

268,367

0

58,677
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2003

123,105

77,947

22,307

22,851

1,104

14

221,809

3

160,295

476
194

2004

114,030

75,363

12,789

25,878

3,663

80

192,316

0

0

2005

52,281

26,935

9,158

16,188

2,095

18

190,898

0

0

222

2006

54,482

24,137

10,449

19,896

1,181

17

162,904

1

0

175

2007

73,241

35,499

12,871

24,871

2,231

44

187,340

0

0

138

2008

123,018

61,397

30,233

31,388

4,513

722

234,322

0

0

145

2009

183,451

86,940

35,086

61,425

5,617

1,162

394,285

0

0

58

2010

200,817

103,232

39,459

58,126

2,003

1,652

213,800

n/a

n/a

n/a

Total

2,430,946

1,550,937

485,180

436,129

40,770

8,944

4,600,981

4

965,429

1,845

10 yr. total

1,274,377

751,862

218,705

303,810

23,513

3,787

2,364,637

4

443,220

1,751

Mean

57,880

36,927

11,552

10,384

971

213

109,547

<1

23,547

185

10 yr. mean

127,438

75,186

21,871

30,381

2,351

379

236,464

<1

49,247

195
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Little Goose Reservoir (Lake Bryan)
(RKM 112.5–172.0)

• Cottidae: mottled sculpin, Piute sculpin;

Little Goose Reservoir is 37.2 miles long between Little Goose
(SRM 70.3) (Figure 5.42) and Lower Granite (SRM 107.5) dams.
Bathymetry and physical (morphometric) characteristics of Little
Goose Reservoir are recorded in Table 5.34. Little Goose Reservoir
is a run-of-the-river reservoir with a water retention time of approximately 2–18 days, depending on reservoir elevation and discharge (USACE 2008). It is lowest at minimum operating pool
(elevation 633 ft) and maximum discharge (120 KCFS) and highest at maximum pool elevation (638 ft) and minimum discharge
(15 KCFS) (USACE 2008).
Twelve families and 43 species of fishes occur in Little Goose
Reservoir, including:

• Centrarchidae: pumpkinseed, bluegill, warmouth, smallmouth
bass, largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch.

Bennett et al. (1983) captured 40,598 total fish in Little Goose
Reservoir from April 1979 through November 1980 using electrofishing, gill nets, trap nets, and beach seines. Nine families and 30
species were represented in the catch, including:
• Acipenseridae: white sturgeon (n = 235);
• Clupeidae: American shad (n = 5);
• Cyprinidae: chiselmouth (n = 1,456), carp (n = 1,057), peamouth (n = 76), northern pikeminnow (n = 2,510), speckled
dace (n = 4), redside shiner (n = 3,847);
• Catostomidae: bridgelip sucker (n = 3,847), largescale sucker
(n = 7,972);

• Petromyzontidae: Pacific lamprey;
• Acipenseridae: white sturgeon;
• Clupeidae: American shad;

• Ictaluridae: yellow bullhead (n = 240), brown bullhead (n = 629),
channel catfish (n = 1,152), tadpole madtom (n = 72);

• Cyprinidae: chiselmouth, goldfish, lake chub, carp, grass carp,
peamouth, northern pikeminnow, longnose dace, speckled
dace, redside shiner, tench;

• Salmonidae: mountain whitefish (n = 39), rainbow trout
(n = 172), sockeye salmon (n = 1), Chinook salmon (n = 75),
brown trout (n = 1);

• Catostomidae: bridgelip sucker, largescale sucker, mountain
sucker;

• Cottidae: prickly sculpin, mottled sculpin, Piute sculpin
(n = 201 total sculpin);

• Ictaluridae: yellow bullhead, brown bullhead, channel catfish,
tadpole madtom;

• Centrarchidae: pumpkinseed (n = 1,926), warmouth (n = 13),
bluegill (n = 1,218), smallmouth bass (n = 2,104), largemouth bass (n = 61), white crappie (n = 7,011), black crappie
(n = 1,672); and

• Salmonidae: mountain whitefish, cutthroat trout, coho salmon, steelhead / rainbow trout, sockeye / kokanee salmon,
Chinook salmon, brown trout, bull trout;

• Percidae: yellow perch (n = 3,049).

• Percopsidae: sandroller;
• Fundulidae: banded killifish;
• Cottidae: prickly sculpin, mottled sculpin, Piute sculpin;
• Centrarchidae: pumpkinseed, warmouth, bluegill, smallmouth
bass, largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch, walleye.

• Clupeidae: American Shad (n = 6,395);

Distribution maps in Wydoski and Whitney (2003) indicated
that 40 species and 12 families of fishes occurred in Little Goose
Reservoir, including:
• Petromyzontidae: river lamprey (I have no corroborating evidence that river lamprey occur in Little Goose Reservoir),
Pacific lamprey;
• Acipenseridae: white sturgeon;
• Clupeidae: American shad;
• Cyprinidae: chiselmouth, carp, grass carp, peamouth, northern pikeminnow, longnose dace, leopard dace (I have found
no corroborating evidence that leopard dace occur in Little
Goose Reservoir), speckled dace, redside shiner, tench;
• Catostomidae: bridgelip sucker, largescale sucker, mountain
sucker;
• Ictaluridae: brown bullhead, channel catfish, flathead catfish
(I have found no corroborating evidence that flathead catfish occur in Little Goose Reservoir), tadpole madtom;
• Salmonidae: mountain whitefish, westslope cutthroat trout,
coho salmon, steelhead / rainbow trout, sockeye salmon,
Chinook salmon, bull trout;
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Fish surveys were conducted in Little Goose Reservoir in 2002
and 2003 by Bennett and Seybold (2004, 2005). A total of 19,953
fish were sampled during this 2-year interval, comprised of 8 families and 23 species, including:

• Cyprinidae: chiselmouth (n = 38), carp (n = 13), peamouth
(n = 5,623), northern pikeminnow (n = 2,208), longnose
dace (n = 1);
• Catostomidae: bridgelip sucker (n = 395), largescale sucker
(n = 669);
• Ictaluridae: brown bullhead (n = 25), channel catfish (n = 123);
• Salmonidae: mountain whitefish (n = 27), coho salmon (n = 8);
rainbow trout (n = 20), sockeye salmon (n = 31), Chinook
salmon (n = 928);
• Cottidae: unidentified sculpin (n = 5);
• Centrarchidae: pumpkinseed (n = 2,802), bluegill (n = 65),
smallmouth bass (n = 86), largemouth bass (n = 24), white
crappie (n = 446), black crappie (n = 61); and
• Percidae: yellow perch (n = 6).

During index netting for white sturgeon in Little Goose
Reservoir in 1998, 1999, 2001, and 2002, Ward (2000, 2001, 2003,
2004) captured 7,735 total fish, representing at least 18 species and
8 families, comprised of:
• Acipenseridae: white sturgeon (n = 376);

• Percopsidae: sandroller;

• Clupeidae: American shad (n = 19);

• Fundulidae: (= Cyprinodontidae): banded killifish;

• Cyprinidae: chiselmouth (n = 263), carp (n = 4), peamouth
(n = 1,808), northern pikeminnow (n = 1,359);

Fishes of Eastern Washington: A Natural History
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A

Figure 5.42

(A) Little Goose Reservoir (Lake Bryan). Photo courtesy of Kyle Wicomb, © 2011 all rights reserved. (B) Little
Goose Dam. Photo courtesy of USACE US-PD.
Table 5.34

B

Bathymetry and physical characteristics for Little
Goose Reservoir (Lake Bryan), Snake River RM
107.6. NFP = normal full pool.

Parameter

Metric Units

English Units

Surface elevation (altitude)

194.5 m

638.0 ft

Reservoir length

59.5 km

37.2 mi

Shoreline length (perimeter)

147.2 km

92.5 mi

Average width

0.64 km

0.4 mi

Maximum width

1.28 km

0.8 mi

Surface area

4,057 hectares

10,025 acres

mean depth

17.2 m

57.2 ft

Maximum depth
Reservoir volume @ NFP
• Catostomidae: bridgelip sucker (n = 388), largescale sucker
(n = 690);
• Ictaluridae: unidentified bullhead (n = 3), channel catfish
(n = 2,434);
• Salmonidae: mountain whitefish (n = 7), steelhead / rainbow trout
(n = 5), sockeye salmon (n = 2), Chinook salmon (n = 81);
• Centrarchidae: pumpkinseed (n = 1), smallmouth bass (n = 1),
unidentified crappies (n = 164); and
• Percidae: yellow perch (n = 120).

Counts of anadromous fish migrating up the fish ladders at Little
Goose Dam are shown in Table 5.35. Counts averaged 59,762 Chinook

41.1 m

135.0 ft

697,163,934 m³

565,200 acre-ft

salmon, 990 coho salmon, 242 sockeye salmon, 108,509 steelhead
trout, 1 pink salmon, 8,359 American shad, and 192 Pacific lamprey
per year over a 40-year period of record (1970–2010) (Table 5.35). In
the most recent 10-year interval (2001–2010), counts averaged 116,319
Chinook, 2,074 coho, 360 sockeye, 217,604 steelhead, 1 pink salmon,
15,011 American shad, and 213 Pacific lamprey per year (Table 5.31).
The white sturgeon population occupying Little Goose Reservoir was
estimated at 4,860 individuals in 1997 (DeVore et al. 1999a).
A creel survey was conducted at Little Goose Reservoir from
April to November 1997 (Normandeau Associates et al. 1999).
During this interval 15,674 anglers fished 68,809 hours to catch
39,906 and harvest 26,176 total fish. The catch was comprised of:
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Table 5.35
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Counts of anadromous fish migrating up the fish ladders at Little Goose Dam, Snake River, 1975–2010. Also shown are the
average counts over the period of record (1975–2010) and the most recent 10-year interval (2001–2010). n / a = not available. Data from Columbia River Fish Passage Center, Portland, Oregon. http://www.fpc.org/adultsalmon_home.html.

Year

Chinook
Total

Spring
Chinook

Summer
Chinook

Fall
Chinook

Coho

Sockeye

Steelhead

Pink

American
Shad

Pacific
Lamprey

1975

28,440

17,700

8,540

2,200

910

209

17,311

n/a

1

n/a

1976

31,700

20,500

9,900

1,300

900

531

23,017

n/a

0

n/a

1977

49,092

38,770

8,429

1,893

270

458

51,076

n/a

25

n/a

1978

54,241

41,002

11,755

1,484

150

123

29,960

n/a

0

n/a

1979

12,549

7,539

3,572

1,438

160

25

25,046

n/a

75

n/a

1980

10,987

6,759

3,447

781

43

96

40,454

n/a

308

n/a

1981

19,198

13,642

3,805

1,751

17

218

40,234

n/a

72

n/a

1982

19,476

12,746

4,528

2,202

59

211

72,840

n/a

30

n/a

1983

16,201

10,026

4,662

1,513

51

122

86,753

n/a

552

n/a

1984

16,533

7,921

7,244

1,368

0

47

98,930

n/a

320

n/a

1985

36,357

27,737

6,506

2,114

1

34

114,477

n/a

692

n/a

1986

42,876

32,883

7,409

2,584

1

15

134,321

n/a

156

n/a

1987

37,666

29,781

6,551

1,334

0

29

69,334

n/a

1037

n/a

1988

37,882

30,419

6,507

956

0

23

87,047

n/a

2977

n/a

1989

19,558

14,504

4,071

983

0

2

132,575

n/a

1310

n/a

1990

23,352

17,559

5,221

572

0

0

56,939

n/a

2804

n/a

1991

13,623

7,603

4,988

1,032

0

8

100,367

n/a

722

n/a

1992

26,193

21,924

3,312

957

0

15

121,456

0

22298

n/a

1993

30,446

21,218

8,019

1,209

0

12

66,700

0

929

n/a

1994

5,077

3,163

868

1,046

0

5

56,986

0

3402

n/a

1995

3,702

1,478

849

1,375

0

3

80,853

0

373

n/a

1996

11,129

5,846

3,551

1,732

0

3

95,655

0

265

490

1997

46,727

33,936

10,836

1,955

93

11

94,908

0

111

1122

1998

18,557

9,963

4,683

3,911

12

2

81,576

0

629

n/a

1999

15,894

5,803

4,844

5,247

260

14

86,180

0

1006

n/a

2000

62,662

44,140

7,695

10,827

927
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133,601

0

3251

28

2001

210,381

175,093

17,539

17,749

1,087

36

310,284

0

18432

27

2002

119,304

77,114

24,112

18,078

397

55

276,009

0

3119

128

2003

119,676

78,904

20,559

20,213

1,265

11

226,063

1

17545

282

2004

109,061

75,224

11,277

22,560

3,904

113

190,598

0

33987

117

2005

49,530

27,286

7,814

14,430

2,183

18

191,760

0

13584

40

2006

45,992

23,503

7,720

14,769

1,434

17

175,827

0

7923

35

2007

62530

31990

10597

19943

2798

52

190212

0

21386

34

2008

115632

61092

27684

26856

4770

909

219043

0

3573

61

2009

168032

80731

30849

56452

4912

1219

399682

0

3457

12

2010

189394

100612

34072

54710

1902

2201

206326

n/a

n/a

n/a

Total

1,879,650

1,216,111

344,015

319,524

28,506

7,146

4,384,400

1

166,351

2,376

10 yr. total

1,189,532

731,549

192,223

265,760

24,652

4,631

2,385,804

1

123,006

736

Mean

52,213

33,781

9,556

8,876

792

199

121,789

<1

4,753

198

10 yr. mean

118,953

73,155

19,222

26,576

2,465

463

238,580

<1

13,667
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• Acipenseridae: white sturgeon (n = 598 caught, 40 harvested);

• Centrarchidae: 3.4% pumpkinseed and bluegill (n = 29,183),
< 0.1% warmouth (n = 23), < 0.1% largemouth bass (n = 214),
3.9% smallmouth and largemouth bass (n = 33,455), 23.7%
white and black crappie (n = 198,559);

• Cyprinidae: northern pikeminnow (n = 1,747 caught, 161
harvested);
• Ictaluridae: yellow and brown bullhead (n = 664 caught,
287 harvested), channel catfish (n = 6,287 caught, 5,654
harvested);

• Percidae: < 0.1% yellow perch (n = 1,181, < 0.1% walleye (n = 7); and
• Other fishes (n = 51,562). Other fishes that were identified
included goldfish (n = 2), lake chub (n = 4), and banded killifish (n = 6).

• Centrarchidae: pumpkinseed and bluegill (n = 578 caught, 370
harvested), smallmouth bass (n = 8,531 caught, 2,762 harvested), white and black crappie (n = 18,603 caught, 15,523
harvested);

Lower Granite Reservoir (Lower Granite Lake)
(RKM 127.0–256.8)

• Percidae: yellow perch (n = 1,171 caught, 948 harvested); and
• Other fishes (n = 864 caught, 159 harvested). Other fishes
included, carp, peamouth, and largescale sucker and largemouth bass.

Screens submerged in turbine intakes are used to direct anadromous and resident fish entraining through the turbines at Little
Goose Dam into a bypass channel and eventually into a juvenile
bypass facility where they are counted. Larger resident fish are
separated from smaller salmonids by having water flow through
a separator screen. Juvenile salmonids pass through the screen
whereas larger resident species do not. From 1988–1997, besides
the hundreds of thousands of Chinook salmon and steelhead
trout counted, a total of 47,405 other fish were counted, including: 334 white sturgeon, 1,287 carp, 3,314 northern pikeminnow,
20,833 bridgelip and largescale suckers, 12,018 channel catfish, 1,520
smallmouth bass, 3,632 white and black crappies, and 4,457 other
species (USACE 2002). Other species included Pacific lamprey,
chiselmouth, peamouth, yellow and brown bullhead, mountain
whitefish, coho salmon, sockeye / kokanee salmon, pumpkinseed,
bluegill, largemouth bass, yellow perch, and walleye.
From March 1997 to December 2010, a total of 836,483 fishes
were captured incidentally to the hundreds of thousands of
Chinook and steelhead trout smolt and smaller numbers of coho
and sockeye smolts, passing through the juvenile bypass system
at Little Goose Dam (Fish passage center: http://www.fpc.org,
queried on 1 March 2011). Eleven families and 37 species were collected at the separator screen, including (by relative abundance):

Lower Granite Reservoir is 84.8 km (53 mi) long between lower
Granite Dam (SRM 107.5) (Figure 5.43) and the head of the Reservoir
(SRM 160.5), which is adjacent to the free-flowing Hells Canyon
Reach of the Snake River downstream from Hells Canyon Dam.
Bathymetry and physical (morphometric) characteristics of lower
Granite Reservoir are recorded in Table 5.36. Lower Granite Reservoir
is a run-of-the-river reservoir with a water retention time of approximately 2–16 days, depending on reservoir elevation and discharge
(USACE 2008). It is lowest at minimum operating pool elevation (733 ft)
and maximum discharge (120 KCFS) and highest at maximum pool elevation and minimum discharge (15 KCFS) (USACE 2008). Tributaries
that enter the Lower Granite Reach of the Snake River include the
Clearwater River (SRKM 222.4, SRM 139) and Asotin Creek (RKM 234.4,
RM 146.5), and the Grande Ronde River (SRKM 272, SRM 170).
Thirteen families and 39 species of fishes occur in Lower
Granite Reservoir, including:
• Petromyzontidae: Pacific lamprey;
• Acipenseridae: white sturgeon;
• Clupeidae: American shad;
• Cyprinidae: chiselmouth, carp, grass carp, peamouth, northern
pikeminnow, longnose dace, speckled dace, redside shiner;
• Catostomidae: bridgelip sucker, largescale sucker, mountain
sucker;
• Ictaluridae: black bullhead, yellow bullhead, brown bullhead,
channel catfish, tadpole madtom;
• Salmonidae: mountain whitefish, cutthroat trout, coho salmon, steelhead / rainbow trout, sockeye / kokanee salmon,
Chinook salmon, bull trout;

• Petromyzontidae: 3.4% lamprey (n = 28,236). Nearly all of
them were Pacific lamprey;
• Clupeidae: 39.2% American shad (n = 327,849);

• Percopsidae: sandroller;

• Cyprinidae: 0.1% chiselmouth (n = 679), < 0.1% goldfish (n = 2),
0.2% carp (n = 1,417), < 0.1% lake chub (n = 4), 3.7% peamouth (n = 31,252), 0.3% northern pikeminnow (n = 2,632),
< 0.1% redside shiner (n = 13), < 0.1% longnose dace (n = 69),
< 0.1% speckled dace (n = 11), < 0.1% tench (n = 1);

• Fundulidae (= Cyprinodontidae): banded killifish;
• Gasterosteidae: threespine stickleback;
• Cottidae: mottled sculpin, Piute sculpin;
• Centrarchidae: pumpkinseed, bluegill, warmouth, smallmouth
bass, largemouth bass, white crappie, black crappie; and

• Catostomidae: 0.3% bridgelip sucker (n = 2,841), < 0.1% largescale sucker (n = 236), < 0.1% mountain sucker (n = 8), 6.0%
unidentified sucker (n = 50,228);
• Ictaluridae: 0.3% yellow and brown bullhead (n = 2,101), 3.2%
channel catfish (n = 26,608), < 0.1% tadpole madtom
(n = 16);
• Salmonidae: 1.3% mountain whitefish (n = 10,693), < 0.1% cutthroat trout (n = 1), < 0.1% coho salmon (n = 1), < 0.1% rainbow trout (n = 330), < 0.1% steelhead trout (n = 2), < 0.1%
bull trout (n = 3);
• Percopsidae: 0.7% sandroller (n = 5,852);
• Fundulidae: < 0.1% banded killifish (n = 19);
• Cottidae: 3.8% unidentified sculpin (n = 31,830);

• Percidae: yellow perch;

Mountain sucker have not actually been observed in Lower
Granite Reservoir. I have included them in my list because numerous mountain sucker have been collected in a downstream migration trap at the mouth of the Grande Ronde River (Setter and
Charmichael 1995, 1998, 2000, 2001, 2002). Thus, it appears likely
that these fish were making a fluvial / adfluvial migrations into the
vicinity of Lower Granite Reservoir.
Distribution maps in Wydoski and Whitney (2003) indicated
that 41 species and 12 families of fishes inhabit Lower Granite
Reservoir, including:
A. T. Scholz
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A

Figure 5.43

(A) Wheat barge being loaded in Lower Granite Reservoir. Photo courtesy of WSU Extension Archives. (B) Lower Granite
Dam. The structure in the center of the dam is a lock that allows boat and barge traffic to pass upstream and downstream
of the dam. Photo courtesy of USACE.

B

Table 5.36

Bathymetry and physical characteristics for Lower
Granite Reservoir (Lower Granite Lake), Snake
River RM 147.1. NFP = normal full pool.

Parameter

Metric Units

English Units

Surface elevation (altitude)

224.9 m

738.0 ft

Reservoir length

62.4 km

39 mi

Shoreline perimeter

145.6 km

91 mi

Average width

0.48 km

0.3 mi

0.96 km

0.6 mi

Surface area

Maximum width

3,602 hectares

8,900 acres

Mean depth

16.6 m

54.4 ft

Maximum depth

42.1 m

138.0 ft

596,767,300 m³

483,800 acre-ft

Reservoir volume @ NFP
• Petromyzontidae: river lamprey (I found no supporting
documentation that river lamprey occur in Lower Granite
Reservoir), Pacific lamprey;
• Acipenseridae: white sturgeon;
• Clupeidae: American shad;
• Cyprinidae: chiselmouth, carp, grass carp, peamouth, northern pikeminnow, longnose dace, leopard dace (I found
no supporting documentation that leopard dace occur in
Lower Granite Reservoir), speckled dace, redside shiner;
• Catostomidae: bridgelip sucker, largescale sucker, mountain sucker;
• Ictaluridae: black bullhead, yellow bullhead, brown bullhead,
channel catfish, flathead catfish, tadpole madtom;
• Salmonidae: mountain whitefish, westslope cutthroat trout,
coho salmon, steelhead / rainbow trout, sockeye salmon,
Chinook salmon, bull trout;
• Percopsidae: sandroller;
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• Fundulidae: (= Cyprinodontidae): banded killifish;
• Cottidae: mottled sculpin, Piute sculpin;
• Centrarchidae: pumpkinseed, bluegill, warmouth, smallmouth
bass, largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch.

Counts of anadromous fish migrating up the fish ladders at
Lower Granite dam are shown in Table 5.37. Counts averaged 52,213
Chinook salmon, 792 coho salmon, 199 sockeye salmon, < 1 pink
salmon, 4,753 American shad, and 198 Pacific lamprey per year
over a 35-year period of record (1975–2010) (Table 5.37). In the
most recent 10-year interval (2001–2010), counts averaged 118,953
Chinook salmon, 2,465 coho salmon, 462 sockeye salmon (including 2,201 sockeye counted in 2010), 238,580 steelhead, < 1 pink
salmon, 13,667 American shad, and 85 Pacific lamprey (Table 5.37).
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The white sturgeon population occupying the Snake River between Lower Granite and Hells Canyon dams was estimated at
8,000–12,000 individuals from 1972–1975 (Coon et al. 1977). In
1997–1999, the white sturgeon population in the same reach was
estimated at 3,856 individuals (Lepla et al. 2001; Tuell and Everett
2001). The latter estimate combined two population estimates: one
by Lepla et al. (2001) from Hells Canyon Dam to the Salmon River
(n = 1,312) and a second made by Tuell and Everett (2001) from
the mouth of the Salmon River to Lower Granite Dam (n = 2,544).
White sturgeon spawn successfully in the free flowing Hells Canyon
Reach of the Snake River, upstream from Lower Granite Reservoir.
Their decline in population between 1972 and 1997 is probably
related to the closure of Lower Granite Reservoir in 1976, which
inundated sturgeon habitat. A jet boat sturgeon fishery developed
for this population in the late 1970s and 1980s. However, IDFG
implemented catch and release only regulations for white sturgeon
throughout the Snake River, so their decline cannot be attributed
to overharvest. The Nez Perce Tribe harvests a small number of the
sturgeon for ceremonial and subsistence purposes.
LePla (1994) estimated the population of white sturgeon ≥ 40 cm
(15.7 in) FL in Lower Granite Reservoir at 1,524 (95% CI = 1,155–2,240).
Density was 12–45 white sturgeon ⁄ km (19–73 ⁄ RM). Density estimates
were similar to Lukens (1985) [24 sturgeons ⁄ RKM (39 ⁄ RM)], but lower
than reported by Coon et al. (1997) [35–53 sturgeon ⁄ RKM (56–85 sturgeon ⁄ RM)] between Lower Granite and Hells Canyon dams.
Bennett et al (1983) captured 3,090 total fish in Lower Granite
Reservoir from April 1979 through November 1980 using electrofishing, gill nets, trap nets, and beach seines. Six families and 18
species were represented in the catch, including:

• Salmonidae: mountain whitefish (n = 573), steelhead / rainbow
trout (n = 5,738), sockeye salmon (n = 38), Chinook salmon
(n = 12,082);
• Cottidae: unidentified sculpin (n = 74);
• Centrarchidae: pumpkinseed (n = 1,742), warmouth (n = 2),
bluegill (n = 456), unidentified Lepomis sp. (n = 9,603), smallmouth bass (n = 16,998), largemouth bass (n = 17), unidentified Micropterus sp. (n = 177), white crappie (n = 2,194), black
crappie (n = 793), unidentified Pomoxis sp. (n = 10,022); and
• Percidae: yellow perch (n = 1,172).

Fish surveys were conducted in Lower Granite Reservoir in
2002 and 2003 by Bennett and Seybold (2004, 2005). A total of
35,664 fish were sampled during this 2-year interval, comprised of
8 families and 25 species, including:
• Cyprinidae: chiselmouth (n = 835), carp (n = 132), peamouth
(n = 2,396), northern pikeminnow (n = 3,787), redside
shiner (n = 1,058);
• Catostomidae: bridgelip sucker (n = 1,144), largescale sucker
(n = 3,141);
• Ictaluridae: brown bullhead (n = 825), channel catfish (n = 5);
• Salmonidae: mountain whitefish (n = 2,232), coho salmon
(n = 163), steelhead / rainbow trout (n = 53), sockeye salmon
(n = 65), Chinook salmon (n = 6,679), brown trout (n = 3).
• Fundulidae: (= Cyprinodontidae): banded killifish (n = 331);
• Cottidae: unidentified sculpin (n = 11);
• Centrarchidae: pumpkinseed (n = 5,550), warmouth (n = 1), bluegill (n = 380), smallmouth bass (n = 5,862), largemouth bass
(n = 595), white crappie (n = 707), black crappie (n = 40); and
• Percidae: yellow perch (n = 16).

• Cyprinidae: chiselmouth (n = 30), carp (n = 120), peamouth
(n = 2), northern pikeminnow (n = 354), redside shiner
(n = 246);

Muir (1996) collected 36,498 total fish, representing 16 species
and 6 families from Lower Granite Reservoir in the Snake River,
Asotin and Garfield counties, including:

• Catostomidae: bridgelip sucker (n = 274), largescale sucker
(n = 1,255);
• Ictaluridae: yellow bullhead (n = 15), brown bullhead (n = 36),
channel catfish (n = 7);

• Cyprinidae: chiselmouth (n = 15), carp (n = 14), peamouth
(n = 10), northern pikeminnow (n = 321), unidentified dace
(n = 4), redside shiner (n = 68);

• Salmonidae: mountain whitefish (n = 2), rainbow trout (n = 4),
Chinook salmon (n = 4);

• Catostomidae: largescale sucker (n = 160);

• Centrarchidae: pumpkinseed (n = 16), bluegill (n = 12), smallmouth bass (n = 218), white crappie (n = 68), black crappie
(n = 79); and

• Ictaluridae: channel catfish (n = 1);
• Salmonidae: unidentified whitefish, but probably mountain
whitefish, (n = 1,118), coho salmon (n = 1), steelhead / rainbow trout (n = 30,450), sockeye salmon (n = 16), Chinook
salmon (n = 4,328);

• Percidae: yellow perch (n = 68).

Fish surveys were conducted in Lower Granite Reservoir from
1985–1995 by Bennett and Shrier (1986, 1987) and Bennett et al.
(1988a, 1988b, 1991, 1993a, 1993b, 1994, 1995a, 1995b, 1997a, 1997b,
1999). A total of 148,548 fish were sampled during this 11-year interval, comprised of 9 families and 32 species, including;
• Acipenseridae: white sturgeon (n = 307);
• Clupeidae: American shad (n = 63);
• Cyprinidae: chiselmouth (n = 4,504), carp (n = 1,416), peamouth
(n = 7,180), northern pikeminnow (n = 14,135), specked dace
(n = 1), longnose dace (n = 1), redside shiner (n = 1,058);
• Catostomidae: bridgelip sucker (n = 2,492), largescale sucker
(n = 42,023), unidentified sucker (n = 15,990);
• Ictaluridae: black bullhead (n = 9), yellow bullhead (n = 176),
brown bullhead (n = 518), channel catfish (n = 834), tadpole
madtom (n = 7);

• Centrarchidae: smallmouth bass (n = 2), black crappie (n = 3);
and
• Percidae: yellow perch (n = 1).

Marsh (1996) collected 980,974 total fish at Lower Granite Dam
on the Snake River, Garfield County. Fish captured included: 30
coho salmon, 852,604 steelhead trout, 1,178 sockeye salmon, 118,872
spring / summer Chinook salmon, and 8,320 fall Chinook salmon.
Anglea (1997) used mark / recapture techniques to estimate
the population of smallmouth bass ≥ 70 mm TL in Lower Granite
Reservoir at 65,400 (95% CI = 61,023–71,166) and the population
of smallmouth bass ≥ 174 mm TL in Lower Granite Reservoir at
20,911 (95% CI = 17,092–26,197). Standing crop of smallmouth bass
in Lower Granite Reservoir was estimated at about 0.75 kg ⁄ hectare (0.44 lb ⁄ acre) by both Anglea (1997) and Naughton (1998).

A. T. Scholz

305

Chapter 5

Table 5.37

Counts of anadromous fish migrating up the fish ladders at Lower Granite Dam, Snake River, 1975–2010. Also shown are the
average counts over the period of record (1975–2010) and the most recent 10-year interval (2001–2010). n / a = not available.
Data from Columbia River Fish Passage Center, Portland, Oregon. http://www.fpc.org/adultsalmon_home.html.

Year

Chinook
Total

Spring
Chinook

Summer
Chinook

Fall
Chinook

Coho

Sockeye

Steelhead

Pink

American
Shad

Pacific
Lamprey

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

28,440
31,700
49,092
54,241
12,549
10,987
19,198
19,476
16,201
16,533
36,357
42,876
37,666
37,882
19,558
23,352
13,623
26,193
30,446
5,077
3,702
11,129
46,727
18,557
15,894
62,662
210,381
119,304
119,676
109,061
49,530
45,992
62530
115632
168032
189394

17,700
20,500
38,770
41,002
7,539
6,759
13,642
12,746
10,026
7,921
27,737
32,883
29,781
30,419
14,504
17,559
7,603
21,924
21,218
3,163
1,478
5,846
33,936
9,963
5,803
44,140
175,093
77,114
78,904
75,224
27,286
23,503
31990
61092
80731
100612

8,540
9,900
8,429
11,755
3,572
3,447
3,805
4,528
4,662
7,244
6,506
7,409
6,551
6,507
4,071
5,221
4,988
3,312
8,019
868
849
3,551
10,836
4,683
4,844
7,695
17,539
24,112
20,559
11,277
7,814
7,720
10597
27684
30849
34072

2,200
1,300
1,893
1,484
1,438
781
1,751
2,202
1,513
1,368
2,114
2,584
1,334
956
983
572
1,032
957
1,209
1,046
1,375
1,732
1,955
3,911
5,247
10,827
17,749
18,078
20,213
22,560
14,430
14,769
19943
26856
56452
54710

910
900
270
150
160
43
17
59
51
0
1
1
0
0
0
0
0
0
0
0
0
0
93
12
260
927
1,087
397
1,265
3,904
2,183
1,434
2798
4770
4912
1902

209
531
458
123
25
96
218
211
122
47
34
15
29
23
2
0
8
15
12
5
3
3
11
2
14
299
36
55
11
113
18
17
52
909
1219
2201

17,311
23,017
51,076
29,960
25,046
40,454
40,234
72,840
86,753
98,930
114,477
134,321
69,334
87,047
132,575
56,939
100,367
121,456
66,700
56,986
80,853
95,655
94,908
81,576
86,180
133,601
310,284
276,009
226,063
190,598
191,760
175,827
190212
219043
399682
206326

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0

1
0
25
0
75
308
72
30
552
320
692
156
1037
2977
1310
2804
722
22298
929
3402
373
265
111
629
1006
3251
18432
3119
17545
33987
13584
7923
21386
3573
3457

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
490
1122
n/a
n/a
28
27
128
282
117
40
35
34
61
12

n/a

n/a

n/a

1,216,111
731,549
33,781
73,155

344,015
192,223
9,556
19,222

319,524
265,760
8,876
26,576

28,506
24,652
792
2,465

7,146
4,631
199
463

4,384,400
2,385,804
121,789
238,580

1
1
<1
<1

166,351
123,006
4,753
13,667

2,376
736
198
82

Total
1,879,650
10 yr. total 1,189,532
Mean
52,213
10 yr. mean 118,953

Screens submerged in turbine intakes are used to direct juvenile anadromous salmonids and resident fish entraining through
the turbines at Lower Granite Dam into a bypass channel and
eventually a juvenile bypass facility where they are counted.
Larger resident fish are separated from salmonids by having water flow through a separator screen. Smaller juvenile salmonids
pass through the screen whereas larger resident species do not.
From 1992–1998, besides the hundreds of thousands of Chinook
and steelhead smolts counted, a total of 26,193 other fish were
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counted at the juvenile facility separator (USACE 2002) including,
(by relative abundance):
• Petromyzontidae: < 0.1% Pacific lamprey (n = not specified);
• Acipenseridae: 2.3% white sturgeon (n = 601);
• Cyprinidae: < 0.1% chiselmouth, 26.2% carp (n = 6,873), < 0.1%
peamouth (n = not specified); 1.1% northern pikeminnow
(n = 291);
• Catostomidae: 66.7% bridgelip and largescale sucker (n = 17,474);
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• Ictaluridae: < 0.1% yellow and brown bullhead (n = not specified), 2.6% channel catfish (n = 688);

• Salmonidae: steelhead trout (n = 8,429 caught, 5,390 harvested), rainbow trout (n = 8,768 caught, 3,320 harvested);

• Salmonidae: < 0.1% mountain whitefish (n = not specified),
< 0.1% coho salmon (n = not specified), < 0.1% sockeye salmon (n = not specified), < 0.1% bull trout (n = not specified);

• Centrarchidae: pumpkinseed and bluegill (n = 452 caught, 226
harvested), smallmouth bass (n = 10,096 caught, 897 harvested), white and black crappie (n = 7,209 caught, 1,634 harvested);

• Centrarchidae: < 0.1% pumpkinseed (n = not specified),
< 0.1% bluegill (n = not specified), 0.3% smallmouth bass
(n = 64), < 0.1% largemouth bass (n = not specified), 0.3%
white and black crappie (n = 66);

• Percidae: yellow perch (n = 322 caught, 55 harvested) and;
• Other fish (n = 173 caught, 113 harvested). Other fish included:
chiselmouth, carp, peamouth, and largescale sucker.

• Percidae: < 0.1% yellow perch (n = not specified).

From March 1977 to December 2010, a total of 128,794 fishes
were captured incidentally to the hundreds of thousands of
Chinook salmon and steelhead smolts, and smaller numbers of
coho and sockeye smolts passing through the juvenile bypass system at Lower Granite Dam (Fish Passage Center: http://www.fpc.
org, queried on 1 March 2011). Thirteen families and 38 species
were represented in the catch including (by relative abundance):
• Petromyzontidae: 5.6% lamprey (n = 7,263), Nearly all of them
were Pacific lamprey;
• Acipenseridae: < 0.1% white sturgeon (n = 9);
• Clupeidae: 7.6% American shad (n = 9,760);
• Cyprinidae: 2.2% chiselmouth (n = 2,913), 0.2% carp (n = 317),
12.0% peamouth (n = 15,472), 0.5% northern pikeminnow
(n = 658), < 0.1% redside shiner (n = 18), < 0.1% longnose
dace (n = 114), < 0.1% speckled dace (n = 4);
• Catostomidae: 5.1% bridgelip sucker (n = 6,515), < 0.1% largescale sucker (n = 59), 15.9% unidentified sucker (n = 20,562);
• Ictaluridae: 1.1% yellow and brown bullhead (n = 1,396), 2.9%
channel catfish (n = 3,670);
• Salmonidae: 10.6% mountain whitefish (n = 13,628), < 0.1% cutthroat trout (n = 1), < 0.1% coho salmon (n = 10), 0.5% rainbow trout (n = 685), 0.3% steelhead trout (n = 352), < 0.1%
sockeye salmon (n = 10), 0.1% kokanee salmon (n = 129),
2.8% Chinook salmon (n = 3,643), < 0.1% bull trout (n = 2);
• Percopsidae: 1.0% sandroller (n = 1,329);
• Fundulidae: < 0.1% banded killifish (n = 10);
• Gasterosteidae: < 0.1% threespine stickleback (n = 1);
• Cottidae: 0.4% unidentified sculpin (n = 571);
• Centrarchidae: 0.7% pumpkinseed and bluegill (n = 914),
< 0.1% warmouth (n = 3), 3.2% smallmouth and largemouth
bass (n = 4,061), < 0.1% largemouth bass (n = 28), 22.3%
white and black crappie (n = 28,678);
• Percidae: < 0.1% yellow perch (n = 49), and
• Other fish (n = 5,960). One of the other fishes that was identified was banded killifish (collected on 10 August 2006).
The other "fish" number also included numerous Siberian
shrimp (collected on many dates).

A creel survey was conducted at Lower Granite Reservoir from
April to November 1997 (Normandeau Associates et al. 1999).
During this interval 50,202 anglers fished 220,605 hours to catch
41,941 and harvest 13,855 total fish. The catch was comprised of:
• Acipenseridae: white sturgeon (n = 18 caught, 0 harvested);
• Cyprinidae: northern pikeminnow (n = 2,835 caught, 1,512
harvested);
• Ictaluridae: yellow and brown bullhead (n = 1,395 caught, 475
harvested), channel catfish (n = 515 caught, 222 harvested);

COLUMBIA BASIN PROJECT
Power produced by Grand Coulee Dam is used to supply 12 of the
world’s largest pumps that lift water from Lake Roosevelt, the reservoir behind Grand Coulee Dam, into a canal that is connected
to Banks Lake, the main water supply storage reservoir for the
Columbia Basin Irrigation Project. Six of the 12 pumps are also generating units. During periods when electricity is needed, the direction of water flow is reversed, so water stored in Banks Lake flows
back into Lake Roosevelt through the draft tubes and drives generators to produce electricity. See Figure 5.44 (which is a map of the
Columbia Basin Project Area) and 5.45 (which shows the relationship of Grand Coulee Dam to the Columbia Basin Project).
Banks Lake was created when the United States Bureau of
Reclamation erected Dry Falls Dam at the south end of the Grand
Coulee, a basalt gorge approximately 61–122 m (200–400 ft) deep
and 48 km (30 mi) long. Water stored in Banks Lake then flows
through the main canal and underground siphons and tunnels
into Billy Clapp Lake. From Billy Clapp Lake water flows into the
East Low Canal and West Canal to supply about 670,000 acres of
cropland in Adams, Douglas, Grant, and Franklin counties. Water
returned from croplands collects in waste–ways and eventually
is returned to Moses Lake and Potholes Reservoir. The water in
Potholes Reservoir supplies Lower Crab Creek. Potholes Canal
and the East Low Canal also connects to Scooteney Reservoir.
Drains from Scooteney Reservoir flow into the Columbia near the
Tri-Cities (Richland, Pasco, and Kennewick, Washington).
The Columbia Basin project includes 330 miles of main canals, siphons and tunnels, 1,990 miles of smaller canals, and 3.500 miles of
drains and waste-ways. Various irrigation districts have constructed
seven small hydroelectric plants. Electricity supplied by these plants
and Grand Coulee Dam provides the power to operate about 240
pumping stations that supply water to approximately 10,000 farms.
Irrigators use about 2.5 million acre-ft of Columbia River water
each year. Irrigation return water that collects in Potholes Reservoir
is re-used, which yields an additional one million acre-feet of water. All this water has transformed what was once a parched sagebrush desert that received only 6–10 inches of annual precipitation
into a lush oasis. There are currently more than 300,000 acres of
lakes and wetlands within the Columbia Basin Project.
Many of the waters of the Columbia Basin Project are interconnected. Fish in Lake Roosevelt are pumped into Banks Lake along
with the water. These fish then travel through the siphons and
canals to other bodies of water throughout the Columbia Basin
Project area. It is thus not uncommon to find some unusual eastern Washington fishes in Columbia Basin Project lakes (e.g., Banks
Lake, Billy Clapp Lake, Moses Lake, Potholes Reservoir, Scooteney
Reservoir, and several smaller lakes). For example, small numbers
of lake whitefish and burbot occur in most of these lakes.
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A
Banks Lake

Banks Lake

North Dam

Main canal

Pump discharge pipes

Lake Roosevelt

Pumphouse
1st Powerhouse

2nd Powerhouse
Spillway

Tailrace
3rd Powerhouse

Figure 5.45

Columbia Basin Project. (A) Grand Coulee Dam (foreground) showing pumphouse, 12 discharge pipes, and main canal
that connects the Columbia River to Banks Lake. Photo courtesy of Bonneville Power Administration.
Figure 5.45 continued on next page
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B

E

Headgate
North Dam

C

F
Pump discharge pipes

Main Canal

John W. Keys III
pump generating plant

D

G

Figure 5.45 (continued) (B) Close up of discharge pipes that pump Columbia River water from Lake Roosevelt into main canal that supplies Banks Lake. (C) Another view of discharge pipes that pump Columbia River water from Lake Roosevelt into Banks Lake. Also shown
below the pipe is the John W. Keys III pump generating plant. (D) Headgates of Main Canal that supplies Banks Lake, photo courtesy of
Chris Berger, © 2009 all rights reserved; (E) Main Canal and North Dam. (F) Dry Falls Dam and Banks Lake Reservoir at full pool. Also
shown is the main irrigation canal that connects Banks Lake to Billy Clapp Lake. Water is discharged from a main canal through headgates
into Banks Lake. (G) Another view of Dry Falls Dam and Banks Lake. Banks Lake is full in F and drawn down in G. Photos (B, C, E, F, G)
courtesy of Bureau of Reclamation, Boise, Idaho, US-PD.

Figure 5.45 continued on next page
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H

I

L

J

K

Figure 5.45 (concluded) After leaving Billy Clapp Lake, water is distributed into a main canal, then a series of smaller canals.
(H) Headgate of small canal. (I) Water flowing through a small canal. (J) Water being diverted into a drip irrigation system near Winchester, Washington. (K) Water diverted into a center pivot irrigation system. (L) Cropland irrigated using a
center pivot irrigation system. Images (J, K L) courtesy of the USBR, US-PD.
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Water in the Columbia Basin Project flows mainly by gravity
after it is pumped into Banks Lake. Altitude (water surface) elevations are 1570 ft above MSL in Banks Lake, 1,336 ft above MSL in
Billy Clapp Lake, 1,046–1,048 ft above MSL in Moses Lake and
Potholes Reservoir, and 915 ft above MSL in Scooteney Reservoir.

Table 5.38

Morphometry and physical characteristics of
Banks Lake, Grant County. Banks Lake was created in 1951 when the United States Bureau of
Reclamation constructed Dry Falls Dam at the
Southern end of the Grant Coulee.

Banks Lake

Parameter

Value (units)

Morphometry and physical characteristics of Banks Lake, Grant
County, are recorded in Table 5.38. Banks Lake (Figure 5.46) is
the main water storage reservoir for the Columbia Basin Project.
It came into being in 1951, when the Bureau of Reclamation constructed two dams, Dry Falls Dam (or South Dam) at the southern
end of the Upper Grand Coulee and the North Dam at the northern end of the upper Grand Coulee. Dry Falls dam is 37 m (121 ft)
high and 2,987 m (9,800 ft) long. North Dam is 44 m (144 ft) high
and 442 m (1,450 ft) long. During the Pleistocene Epoch, when a
lobe of the Cordilleran Continental Glacier advanced south down
the Okanogan valley and blocked the flow of the Columbia River
around the Big Bend, the Columbia River flowed through the
Grand Coulee. The Big Bend refers to the Columbia River flowing
due west from its confluence with the Spokane River (RKM 1,022,
RM 638.9), to its confluence with the Methow River (RKM 838,
RM 523.9) then making an abrupt jog to the south.
The ice lobe dammed the Columbia and backed up water to form
Glacial Lake Columbia, which occupied roughly the same area as
Lake Franklin D. Roosevelt, the reservoir behind Grand Coulee Dam,
occupies today. The surface elevation of Glacial Lake Columbia was
approximately 100 meters higher (surface elevation 1,590 ft above
MSL) than the surface elevation of Lake Roosevelt (surface elevation
1,290 ft above MSL at full pool). Above Lake Roosevelt, one can see
wave cut terraces that represent old shorelines at different stable lake
stages of Glacial Lake Columbia. At its highest stand, Glacial Lake
Columbia had a maximum depth of about 1,300 ft, compared to a
maximum depth of about 400 ft in Lake Roosevelt today.
During its highest stand, water flowed out of Glacial Lake
Columbia into the Grand Coulee. Periodic flood events deepened
the Grand Coulee. At its southern terminus the water in the Upper
Grand Coulee fell over the Dry Falls, a horseshoe shaped falls approximately 3.5 miles wide, into the Lower Grand Coulee. This was
the largest waterfall the world has even known.
At the end of the Pleistocene, the Okanogan ice lobe retreated
and the ice dam gave way, which caused the Columbia to resume
its normal course around the Big Bend. This lowered the surface
elevation of the Columbia River below the elevation of the Grand
Coulee and cut off the flow of water into the Grand Coulee, leaving a mostly dry canyon surrounded by steep basalt cliffs, with a
few small remnant lakes on the floor of the canyon (e.g., Devil’s,
Steamboat, and Lewis lakes in the Upper Grand Coulee; Blue, Park,
Alkali, Lenore, and Soap lakes in the Lower Grand Coulee).
Power from Grand Coulee Dam is used to supply 12 massive
pumps that lift water from the forebay of Lake Roosevelt uphill
85 meters (280 ft ) through inlet pipes (14 ft in diameter) and
through a 2.6 km long feeder canal into Banks Lake, which now
occupies the Upper Grand Coulee. The combined flow capacity
of the pumps is about 16,000 cfs. Approximately 3 billion m³ of
water are pumped from the Columbia River each year to irrigate
croplands. Figure 5.45 illustrates some of the appurtenances of the
Columbia Basin Project.

Surface elevation (altitude)

1,570 ft

Surface area

27,200 acres

Shoreline perimeter

91 miles

Mean depth

47 ft

Maximum depth

177 ft in Devils Lake
(80 ft main reservoir)

Lake Volume

1.2 million acre-ft

Percent of shoreline
covered by macrophytes

< 1%

Percent of lake surface
covered by macrophytes

< 1%
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Banks Lake at full pool has a surface elevation of 479 m
(1,570 ft). At this elevation the lakes surface area covers 10,881
hectares (27,200 acres) and it has a storage capacity of 1.6 billion m³ (1,202,000 acre-ft). The reservoir is 43.2 km (27 mi) long
and its shoreline perimeter is 144 km (90 mi). Its mean depth is
14 m (47 ft) and maximum depth is 54 m(177 ft) (Woller et al. 2004).
The deepest spot in the reservoir is an isolated embayment that
formed when Devil’s Lake was inundated. The maximum depth in
the main reservoir is approximately 26 m (88 ft).
The Bureau of Reclamation installed a fish barrier net at Dry Falls
Dam to help prevent fish entrainment out of Banks Lake (Stober et al.
1978, 1979, 1983). Nevertheless, significant entrainment still occurs
from Banks Lake (Polacek and Shipley 2006, 2007). It is a known
fact that fish are pumped out of Grand Coulee Reservoir into Banks
Lake and that some of these fish became entrained at Dry Falls Dam
and are, thus, free to be transported through irrigation canals and
tunnels throughout the Columbia Basin Project area.
Fish pumped up from Lake Roosevelt into Banks Lake during July
to September 1975 included, in order of relative abundance: prickly
sculpin, kokanee salmon, largescale sucker, lake whitefish, peamouth,
carp, rainbow trout, mountain whitefish, northern pikeminnow, yellow perch, walleye, Chinook salmon, and burbot (Stober et al. 1976).
Entrainment out of Banks Lake below Dry Falls Dam down the
main irrigation canal totaled 436,216 fish during the 1975 irrigation
season (Stober et al. 1976), including (by relative abundance):
• Cyprinidae: 2.0% carp (n = 8,615), 0.5% peamouth (n = 2,072);
• Catostomidae: 2.3% longnose sucker (n = 10,018);
• Ictaluridae: < 0.1% brown bullhead (n = 38);
• Salmonidae: 5.0% lake whitefish (n = 21,776), 0.5% mountain
whitefish (n = 2,223), 1.7% rainbow trout (n = 7,347), 29.5%
kokanee (n = 128,747), 1.6% Chinook salmon (n = 7,098);
• Gadidae: < 0.1% burbot (n = 34);
• Cottidae: 1.0% prickly sculpin (n = 4,255);
• Centrarchidae: 0.3% pumpkinseed (n = 1,225), < 0.1% largemouth bass (n = 56), 0.3% black crappie (n = 1,097); and
• Percidae: 55.3% yellow perch (n = 241,367), 0.1% walleye
(n = 245).
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Figure 5.46

Banks lake, the primary water storage reservoir of the Columbia Basin Project. Image (A) courtesy of Knox Gardner,
© 2009, all rights reserved. Image (B) courtesy of Bill Caid, © 2006, all rights reserved.
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Entrainment out of Banks Lake down the main irrigation canal
during the 1976 irrigation season totaled 152,895 fishes (Stober et al.
1977) composed of (by relative abundance):
• Cyprinidae: 2.7% carp (n = 2,784), 0.2% peamouth (n = 174),
0.4% northern pikeminnow (n = 464);
• Catostomidae: 0.2% longnose sucker (n = 189), < 0.1% bridgelip sucker (n = 22), 1.4% largescale sucker (n = 1,704);
• Salmonidae: 0.4% lake whitefish (n = 519), < 0.1% mountain
whitefish (n = 44), 0.2% rainbow trout (n = 245), 2.6% kokanee salmon (n = 3,073), 0.1% Chinook salmon (n = 167);
• Cottidae: 92.2% prickly sculpin (n = 141,013);
• Centrarchidae: 0.2% black crappie (n = 179); and
• Percidae: 0.9% yellow perch (n = 1,092), 1.4% walleye (n = 1,226).

Based on these findings, the United States Bureau of
Reclamation constructed a 1,341 m long barrier net that was strategically placed in front of Dry Falls Dam to prevent (or at least
reduce access) of fish into a dredged channel that is connected to
the main irrigation canal.
Estimated numbers of fish entrained in the main irrigation
canal from 9 July to 25 October, totaled 149,664 fish in 1975 and
53,880 in 1976 (before the barrier net was installed by the United
States Bureau of Reclamation at Dry Falls Dam to prevent emigration) and 39,392 in 1977 and 29,400 in 1978 (after the installation
of the barrier net) (Stober et al. 1983). The number of each species
entrained in each year of the study is recorded in Table 5.39.
Stober et al. (1979) marked kokanee in Banks Lake and monitored
sites downstream to detect marked fish. They found kokanee moved
distances as far as 30 km downstream. For example, some of the kokanee marked in Banks Lake were recovered in Billy Clapp Lake.
Washington Department of Fish and Wildlife (WDFW) conducted entrainment studies by setting nets in the canals exiting
Banks Lake in 2004 and 2005 (Polacek and Shipley 2006, 2007). In
2004, entrainment nets captured a total of 3,238 fish comprised of
(by relative abundance):
• Salmonidae: 0.1% whitefish (n = 3), 0.1% rainbow trout (n = 3),
< 0.1% kokanee salmon (n = 1);
• Cottidae: 40.1% unidentified sculpin (n = 1,297);
• Centrarchidae: 2.4% smallmouth bass (n = 77), 0.1% black
crappie (n = 4);
• Percidae: 52.1% yellow perch (n = 1,688), 0.1% walleye (n = 3); and
• Other: 4.9% unknown fish (n = 159).

Because the entrainment nets only sampled a small portion of
fish that were entraining out of Banks Lake, these counts were expanded to estimate the total entrainment. An estimated total of
227,588 fish entrained out of Banks Lake in 2004, comprised of 278
rainbow trout, 92 kokanee salmon, 111,312 sculpins, 6,662 largemouth bass, 370 black crappie, 144,623 yellow perch, 278 walleye,
and 8,702 unidentified fish (Polacek and Shipley 2006).
In 2005 entrainment nets captured 1,923 total fish comprised of
(by relative abundance):
• Salmonidae: 0.8% rainbow trout (n = 15), 1.9% kokanee salmon (n = 37);
• Gadidae: 0.1% burbot (n = 1);
• Cottidae: 11.0% unidentified sculpin (n = 212);
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• Centrarchidae: 0.2% bluegill (n = 3), 4.5% smallmouth bass (n = 86),
0.1% largemouth bass (n = 2), 0.3% black crappie (n = 5);
• Percidae: 79.7% yellow perch (n = 1,532), 1.3% walleye (n = 25); and
• Unknown: (n = 0.3% unknown species (n = 5) (Polacek and
Shipley 2007).

Expansion of these counts yielded an estimate of 58,708 total
fish entrained out of Banks Lake in 2005 (Polacek and Shipley
2007). Based on applying the above relative abundances to the
total entrainment, the number of each species entrained were:
469 rainbow trout, 1,115 kokanee, 59 burbot, 6,458 sculpins, 117
bluegill, 2,642 smallmouth bass, 59 largemouth bass, 176 black
crappie, 46,790 yellow perch, and 763 walleye, and 176 unidentified fish.
Fish in Banks Lake were also lost at the north end of Banks
Lake to Lake Roosevelt when water from Banks Lake was released
back down six of the draft tubes that contained generators. In
1975 and 1976, species observed being pumped out of Banks Lake
into Lake Roosevelt included rainbow trout, whitefish, Chinook
salmon, and yellow perch (Stober et al. 1976).
Ten families and 31 species of fish have been reported to occur
in Banks Lake, including:
• Acipenseridae: white sturgeon;
• Cyprinidae: carp, peamouth, northern pikeminnow;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;
• Ictaluridae: yellow bullhead, brown bullhead, channel catfish,
white catfish, (Ictalurus catus);
• Esocidae: northern pike;
• Salmonidae: lake whitefish, mountain whitefish, cutthroat
trout, coho salmon, rainbow trout, kokanee salmon,
Chinook salmon, brown trout, bull trout, brook trout;
• Gadidae: burbot;
• Cottidae: prickly sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, black crappie; and
• Percidae: yellow perch, black crappie.

Below is a brief description about what is known about each
species and how has it fared in Banks Lake:
White sturgeon
White sturgeon were likely pumped into Banks Lake from Lake
Roosevelt, where they are relatively abundant. Stober et al. (1983)
estimated that 12 white sturgeon entrained down the main irrigation canal in 1977. This was the only record of white sturgeon in
Banks Lake.
Carp
Carp were likely introduced into Banks Lake by being pumped
into the Lake from Lake Roosevelt, where they became abundant
after Lake Roosevelt filled in the 1940s. They are still present in
Banks lake and accounted for approximately 4.5% of the relative
abundance in fish surveys conducted in the littoral zone and 1–2%
of the relative abundance in fish surveys conducted in the limnetic
zone of the lake.
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100.0

a) Bull trout and burbot were both noted but no estimate was given.

Total

T
7.9
1.1
67.4
3.3

38 (± 61)
11,825 (± 3,533)
1,659 (± 549)
100,908 (± 6,013)
5,005 (± 2,440)
a
a
1,789 (± 1,109)
553 (± 445)
56 (± 96)
129 (± 263)
16,408 (± 4,409)
80 (± 172)
1.2
0.4
T
0.1
11.0
T

RA (%)
4.0
0.6
1.5

Estimated # (± 95% CI)
6,055 (± 5,506)
903 (± 747)
2,247 (± 1,174)

1975

53,880

Estimated # (± 95% CI)
1,763 (± 668)
928 (± 585)
4,987 (± 3,672)
13 (± 44)
30 (± 90)
4,998 (± 2,870)
358 (± 202)
32,119 (± 5,450)
279 (± 274)
a
a
3,578 (± 2,501)
105 (± 171)
20 (± 65)
36 (± 118)
3,516 (± 3,223)
30 (± 68)

1976

100.0

6.6
0.2
T
0.1
6.5
0.1

RA (%)
3.3
1.7
9.3
T
0.1
9.3
0.7
59.6
0.5

100.0

55.9
0.2

22,022 (± 29,290)
84 (± 184)
39,392

5.2
T

0.1
0.2
0.2
17.8
0.7

RA (%)
8.2
4.0
5.0

52 (± 130)
96 (± 159)
94 (± 251)
7,031 (± 2,513)
292 (± 434)
a
a
2,062 (± 1,901)
9 (± 42)

Estimated # (± 95% CI)
3,288 (± 1,964)
1,591 (± 1,524)
1,978 (± 1,243)

1977

100.0

24.9
2.2
0.3
3.9
31.1
1.4

a
a
7,315 (± 2,939)
657 (± 136)
85 (± 119)
1,158 (± 180)
9,148 (± 4,275)
408 (± 15)
29,400

1.7
0.9
0.8
2.5

RA (%)
11.1
4.1
7.6
512 (± 248)
264 (± 281)
227 (± 23)
726 (± 298)

Estimated # (± 95% CI)
3,249 (± 1,074)
1,204 (± 187)
2,229 (± 1,163

1978

Estimated number (95% confidence limits) and relative abundance (RA) of each species entrained in the main irrigation canal at Banks Lake 9 July through 25 October, before
(in 1975 and 1976) and after (1977 and 1978) a 1,341 m barrier net was installed to prevent entrainment at Dry Falls Dam. Data from Stober et al. (1983).

Species
carp
peamouth
longnose sucker
largescale sucker
brown bullhead
lake whitefish
rainbow trout
kokanee salmon
chinook salmon
bull trout
burbot
prickly sculpin
pumpkinseed
largemouth bass
black crappie
yellow perch
walleye

Table 5.39
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Peamouth
Peamouth were probably introduced from Lake Roosevelt (Stober
et al. 1975). Peamouth are rare in Banks Lake at present, accounting for < 0.1% of the relative abundance in littoral zone fish surveys
and 0% of the relative abundance in the limnetic zone fish surveys.
Northern pikeminnow
Northern pikeminnow were probably introduced into Banks Lake
from Lake Roosevelt. After the Grand Coulee Dam backed up water
to fill Lake Roosevelt in the 1940s, northern pikeminnow became
the predominant species in Lake Roosevelt accounting for about
50% of the relative abundance. Since about 1980, northern pikeminnow have declined in relative abundance in Lake Roosevelt.
Northern pikeminnow were present in fish surveys conducted in
Banks Lake through the 1970s but have since disappeared from the
lake. It was not collected in electrofishing, gillnetting, or fyke netting surveys conducted by WDFW in 2000, 2002, 2003, 2004, 2005,
or 2006 (Woller et al. 2004; Polacek et al. 2003a, 2003b; Polacek
and Shipley 2006, 2007). Also, no northern pikeminnow were collected in WDFW’s fall walleye index netting (FWIN) surveys conducted on Banks Lake each autumn from 2002–2010 (WDFW-FWIN
2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011).

(Spence 1965). They persisted until 1971–1972 (Duff 1973). None
have been caught in any fish survey or creel survey from the
mid 1970s to the present time, so they failed to establish natural
spawning populations in Banks Lake. I have been unable to discover how northern pike came to be in Banks Lake. They were
probably illegally planted.
Lake whitefish and mountain whitefish
Both lake and mountain whitefish were abundant in Lake Roosevelt,
which was evidently the source of both species in Banks Lake.
Apparently, because biologists had a difficult time distinguishing
between the two species, in many fish surveys individual species
were not identified but were instead grouped together under the
title “whitefish.” Both species together accounted for about 7.2% of
the relative abundance in littoral zone surveys, and lake whitefish
typically accounted for about 50–90% of all fish captured during
limnetic zone surveys.
Cutthroat trout
Cutthroat trout (n = 44,090) were planted once in Banks Lake (in
1959). None were ever subsequently observed in any fisheries or
creel survey conducted on Banks Lake.

Longnose, bridgelip, and largescale sucker

Coho salmon

Longnose, bridgelip, and largescale sucker occur in Lake Roosevelt
where largescale and longnose sucker are relatively abundant and
bridgelip are relatively less abundant. All three species were likely
pumped into Banks Lake, where both largescale and longnose
sucker are relatively abundant and bridgelip is less so. Suckers were
commonly found in littoral zone surveys and were generally absent in limnetic zone surveys conducted in Banks Lake.

Washington Department of Fish and Wildlife (WDFW) planted
coho salmon (n = 101,750) into Banks Lake in 1971. They were common in creel catches in Banks Lake through the mid-1970s (Stober
et al. 1975), but ultimately failed to become established and eventually disappeared from the lake.

Yellow and brown bullhead

Rainbow trout were likely pumped up from Lake Roosevelt into Banks
Lake before stocking of rainbow trout by WDFW occurred in 1953, since
they were caught by anglers during creel surveys before 1953 (Nelson
1954). Rainbow trout (n = 8,939,605 were stocked into Banks Lake by
WDFW in 1953, 1953–1977, 1980–1992, and 1994–2007). Rainbow trout
were the dominant species harvested (n = 20,170) by anglers during
the 1960s (Spence 1965), and remained a substantial portion of the
total fish harvested (n = 12,640) in 1971 and 1972 (Duff 1973), before
declining by the mid 1970s (Stober et al. 1976). Stober et al. (1976) discovered that the principle reason for the decline may have been related to entrainment losses. Rainbow trout stocked at either the north
end or the south end of the reservoir suffered high entrainment losses
(Stober et al. 1976). Those released at the south end entrained through
the main irrigation canal in the spring and summer months, whereas
these released at the north end entrained down the feeder canal between Lake Roosevelt and Banks Lake during the winter months.
Despite installation of a barrier net to prevent emigration
from the reservoir, rainbow trout harvest has generally remained less than 5,500 fish per year in creel surveys conducted
in 1981, 2002 / 2003, 2004 / 2005, 2005 / 2006, 2008, and 2009 / 2010
(Polacek et al. 2003b; Polacek and Shipley 2006, 2007; Polacek
2009; Polacek and Didrickson 2010). In the two most recent surveys, only 371 trout were harvested between March and November
2008, and only 863 were harvested from March 2009 to January
2010 (Polacek 2009; Polacek and Didrickson 2010).

Both yellow and brown bullheads occur in Lake Roosevelt, so it is
likely that both species were introduced into Banks Lake via the irrigation pumps that pump water from Lake Roosevelt into Banks Lake.
Both species accounted for about 2–2.5% of the relative abundance
in littoral zone surveys but were not found in limnetic zone surveys.
Channel catfish
“Channel catfish may have been inadvertently introduced via escaping from a net pen experiment conducted by WDFW in 1988,”
(Polacek et al. 2003). However, none were collected in any fish survey or creel survey of Banks Lake.
White catfish
A white catfish was collected in Banks Lake by USFWS (2002). This
fish was placed in the University of Washington fish collection (UW
022279). The specimen was 576 mm TL and was caught in Banks
Lake near Coulee City on 27 October 1991. I was unable to discover
how white catfish came to be at this location.
Northern pike
Northern pike were briefly present in Banks Lake. One individual was caught by an angler and recorded during a creel survey
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Despite continued intensive stocking, rainbow trout have generally contributed less than 2% to the relative abundance of fishes
in Banks Lake during electrofishing, gillnetting, and fyke netting
surveys, conducted by WDFW in 2000, 2002, 2003, 2004, 2005, and
2006 (Woller et al. 2004; Polacek et al. 2003a, 2003b; Polacek and
Shipley 2005, 2006) and less than 1% of the relative abundance of
fishes collected by WDFW during annual fall walleye index netting (FWIN) surveys conducted in Banks Lake each autumn from
2002–2010 (WDFW-FWIN 2003, 2004, 2005, 2006, 2007, 2008, 2009,
2010, 2011). During this interval entrainment losses of rainbow out
of Banks Lake were low [estimates of 278 rainbow in 2004 (Polacek
and Shipley 2006) and 469 rainbow in 2005 (Polacek and Shipley
2007)], so some other factor probably contributed to their low relative abundance, possibly predation by walleye and smallmouth bass.

Kokanee accounted for approximately 3–4% of the relative abundance of all fish encountered during electrofishing, gill netting, and
fyke netting surveys conducted by WDFW in Banks Lake in 2000,
2002, 2003, 2004, 2005, and 2006 (Woller et al. 2004; Polacek et al.
2003a, 2003b; Polacek and Shipley 2006, 2007), and about 1% of the
relative abundance of all fishes captured in fall walleye index netting (FWIN) surveys conducted annually by WDFW from 2002–2010
(WDFW-FWIN 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011).
Despite intense stocking in recent years kokanee did not contribute
meaningfully to the angler creels. Estimated harvest was only 1,445
between September 2004 and August 2005, 83 between September
2005 and August 2006, and none reported in creel surveys conducted
between September 2002 and August 2003, March to November 2008,
and March 2009 to January 2010 (Polacek et al. 2003b; Polacek and
Shipley 2006, 2007; Polacek 2009 and Polacek and Didrickson 2010).

Kokanee salmon
Kokanee have been sporadically stocked in Banks Lake since
1953 (Polacek at al. 2003). In 1953–1958 and 1963–1966, a total of
9,975,960 kokanee were stocked in Banks Lake (Stober et al. 1976).
In 1971, 1977, 1978, 1980, and 1984 a total of 4,636,934 fry were
stocked in Banks Lake (WDFW fish stocking database, memo on
data regarding Banks Lake kokanee management obtained from
file data at WDFW, region 2 office, Ephrata, Washington).
From 1989–2007, kokanee fry were planted each year and totaled
14,559,244 million fish, an average (range) of 808,847 (124,596–
1,571,078) per year during this 18-year interval (WDFW fish stocking database).
Kokanee have also been pumped up from Lake Roosevelt into
Banks Lake. Additionally, kokanee have periodically established
natural spawning populations in Banks Lake. Stober (1983) observed shoreline spawning by kokanee at eight sites in Banks Lake,
primarily at the north and south ends of the lake, at Steamboat
Rock, in the Million Dollar Mile area and in the Twin Falls area.
Stober also identified other potential spawning sites that contained
spawning gravels in the Barker Canyon and Devil’s Punchbowl
area and in Northrup Creek. Kokanee were observed spawning in
Northrup Creek by WDFW biologists in the 1990s.
Stober et al. (1979) estimated the number of kokanee on the
spawning grounds at 346–944 in 1976, 2,084–5,630 in 1977, and
6,717–18,111 in 1978. This number of kokanee had the potential to
deposit 190,519–519,106 eggs in 1976, 1,145,991–3,095,937 eggs in
1977, and 3,693,678–9,959,239 eggs in 1978. Stober et al. (1979) estimated that 20,162 (± 11,152 SD) fry emerged from shoreline spawning gravels in Banks Lake. Shoreline spawning by kokanee was
observed by Duff (1973) and Stober et al. (1977, 1979), although it is
uncertain if they will persist indefinitely in the lake in the absence
of hatchery plants because the reservoir is periodically drawn
down. Reservoir draw downs in 1973 and 1974 resulted in decreased abundance of kokanee in gill net catches and creel surveys
3–4 years later, indicating that these draw downs had impacted kokanee reproductive success by dewatering redds (Stober et al. 1977).
Stober et al. (1976) estimated that 128,397 kokanee entrained
out of Banks Lake in 1975. Approximately 25% of the kokanee
(n = 32,000) were killed as they passed through the Dry Falls Dam
power plant and 96,000 survived to migrate through the main irrigation canal to Billy Clapp Lake. Another 25% of the survivors
(n = 24,000 kokanee) were assumed to be killed as they passed
through the Summer Falls Hydro plant at the head of Billy Clapp
Lake, leaving 72,000 kokanee that entered Billy Clapp Lake.

Chinook salmon
Washington Department of Fish and Wildlife (WDFW) stocked
Chinook salmon (n = 139,848) into Banks Lake in 1974, 1975, and 1976
(Stober et al. 1977b). They were harvested by anglers from 1975–1978
but were not observed after 1979. Approximately 20% of the 1974 plant
was harvested by anglers in Banks Lake (Stober et al. 1975). Washington
Department of Fish and Wildlife (WDFW) also stocked fall Chinook
salmon (n = 1,864,200) in Lake Roosevelt in 1972 and 1975 (Stober et al.
1977a). It is probable that some of these Chinook were pumped from
Lake Roosevelt into Banks Lake because 5-11 lb Chinook were caught
in the 1975 creel survey in Banks Lake. These fish were too large to
have been released in 1974, so Stober et al. (1975) concluded that they
were more likely from the Lake Roosevelt plant in 1972.
Brown trout
Stober et al. (1975) reported that two brown trout were harvested
by sport anglers in Banks Lake in the 1970s. This is the only report of brown trout presence in Banks Lake. Brown trout occur in
Lake Roosevelt, so it is probable that they were pumped from Lake
Roosevelt into Banks Lake.
Bull trout
A few bull trout were harvested by anglers in Banks Lake during 1952–
1954 creel surveys (Nelson 1954). It is probable that they were pumped
into Banks Lake from Lake Roosevelt because they were relatively
abundant in Lake Roosevelt until about 1963 (Earnest et al. 1966). Since
that time they have gradually become scarcer in Lake Roosevelt. From
about 1979–2011, catches of individual bull trout in fish surveys conducted in Lake Roosevelt were noteworthy. After they became scarce
in Lake Roosevelt, bull trout were no longer reported in Banks Lake.
Brook trout
Brook trout were recorded in the 1952–1954 creels (Nelson 1954).
In 1952, brook trout were observed spawning in Northrup Canyon
Creek, a tributary of Banks Lake (Thompson 1953). Brook trout
occur in Lake Roosevelt and it is probable that they were pumped
into Banks Lake since there are no records of stocking brook trout
in Banks Lake. Despite the reports of brook trout spawning in
Northrup Canyon, brook trout ultimately failed to establish natural spawning populations in Banks Lake.
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Burbot
Burbot are relatively abundant in Lake Roosevelt (Polacek et al. 2006),
so it is likely that they were pumped up through the feeder canal into
Banks Lake and became established there. Burbot were relatively abundant in creel surveys until 1972. Burbot catch was estimated at 3,250 in
1965 (Spence 1965) and 273 in 1971 and 1972 (Duff 1973). The decrease
in catch was attributed to over-harvest and reduction in their kokanee
and lake whitefish prey base (Duff 1973). Duff (1973) reported that
some individual anglers who fished for burbot in the 1960s caught over
1,000 pounds in a single nights fishing. By 1972 burbot caught in the
creel averaged 27.75 inches and 6.5 lb apiece. Duff (1973) hypothesized
that the reduced numbers of burbot reduced competition amongst the
remaining burbot in the population, enabling them to grow to this
relatively large size. In 1988, WDFW stocked burbot in Banks Lake in
attempt to restore the burbot fishery. However, no burbot were caught
by anglers in creel surveys conducted by WDFW in 1981, 2002 / 2003,
2004 / 2005, 2005 / 2006, 2008, and 2009 / 2010. Small numbers of burbot were captured in electrofishing, gillnet, and fyke net surveys conducted by WDFW in 2000, 2002, 2003, 2004, 2005, and 2006 (Woller et
al, 2004; Polacek et al. 2003a, 2003b; Polacek and Shipley 2006, 2007).
The relative abundance of burbot in these surveys was consistently
about 0.1% of the entire catch. Small numbers of burbot were caught
in fall walleye index netting (FWIN) surveys conducted annually by
WDFW each fall from 2002–2010. The relative abundance of burbot in
FWIN surveys was also about 0.1% of the entire catch.
Prickly sculpin
Prickly sculpin were the only species of sculpin reported to occur in
Banks Lake (Stober et al. 1975). During electrofishing, gillnet, and
fyke net surveys conducted in 2000, 2002, 2003, 2004, 2005, 2006,
sculpins comprised about 8.5–13.5% of the relative abundance of
all fishes sampled in Banks Lake (Woller et al. 2004; Polacek et al.
2003a, 2003b; Polacek and Shipley 2006, 2007).
Pumpkinseed
Pumpkinseed were present in Devil’s, Steamboat, and Lewis lakes
prior to their inundation by Banks Lake. During creel surveys conducted in the 1950s, 1970s, and 1980s pumpkinseed respectively comprised 32%, 1.7%, and 0.1% of the catch (Nelson 1954; Spence 1965, Duff
1973, S. Jackson WDFW, Region 2, Ephrata, Washington, internal memorandum). None were reported caught in creel surveys conducted in
2002 / 2003, 2004 / 2005, 2005 / 2006, 2008, and 2009 / 2010 (Polacek et
al 2003b; Polacek and Shipley 2006, 2007; Polacek 2009; Polacek and
Didrickson 2010). Pumpkinseed still occur in Banks Lake, accounting for about 0.5–1.2% of the relative abundance of all fish sampled
in electrofishing, gill net, and fyke net surveys conducted by WDFW
in Banks Lake in 2000, 2002, 2003, 2004, 2005, and 2006 (Woller et
al. 2004; Polacek et al. 2003a, 2003b; Polacek and Shipley 2006, 2007).
Bluegill
A few bluegill were caught by anglers during creel surveys in 1971 and
1972 (Duff 1973) but not before or since then. Stober et al. (1974) did
not report the capture of bluegill in fish surveys conducted in 1973
and 1974. Bluegill were occasionally reported in electrofishing, gillnet, and fyke net surveys in the littoral zone, where they comprised
8 of 2,896 fish captured in 2000 (Woller et al. 2004) and 24 of 19,688
total fish captured in 2002, 2003, 2004, 2005, and 2006 (Polacek et al.
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2003a, 2003b; Polacek and Shipley 2006, 2007). The origin of bluegill in Banks Lake is uncertain. It appears unlikely that they were
pumped into the lake from Lake Roosevelt because no bluegill were
captured in Lake Roosevelt, until 2000. Polacek et al. (2003) speculated that bluegill were illegally introduced by anglers in the early
1970s, since they could find no records of previous introduction.
Smallmouth bass
Smallmouth bass were not reported in any creel survey or fisheries survey conducted at Banks Lake before 1980. Smallmouth bass
were introduced into Banks Lake by WDFW in 1981. At about the
same time, smallmouth bass were introduced into Lake Roosevelt.
Since then smallmouth bass populations have increased in both
reservoirs and some smallmouth are probably moving in both directions to and from Lake Roosevelt and Banks Lake. Smallmouth
bass comprised 30.6% of 2,896 fishes captured during electrofishing, gillnet, and fyke net surveys in Banks Lake in 2000 (Woller et
al. 2004) and 23.9% of 19,668 fishes captured during electrofishing,
gillnet, and fyke net surveys conducted by WDFW in 2002, 2003,
2004, 2005, and 2006 (Polacek et al. 2003a, 2003b; Polacek and
Shipley 2006, 2007). They were also a dominant species in anglers creels with the number caught (± SD) estimated at 120,278
(± 815) in 2002 / 2003, 61,223 (± 375) in 2004 / 2005, 64,152 (± 700)
in 2005 / 2006, 36,899 (± 211) in 2008, and 37,194 (± 10,194) in
2009 / 2010 (Polacek et al. 2003b; Polacek and Shipley 2006, 2007,
Polacek 2009; Polacek and Didrickson 2010). They ranked first by
number of species caught by anglers in four of the five years.
Largemouth bass
Largemouth bass were present in Devil’s, Steamboat, and Lewis lakes,
small lakes that occupied the upper Grand Coulee, prior to their inundation by Banks Lake (Polacek et al. 2003b). During creel surveys in
the 1950s they accounted for 64% of all fish caught by anglers (Nelson
1954). Their abundance in the creel has dwindled since that time.
During the 1971 / 1972 creel they accounted for 1.8% of the entire catch
(n = 4,327 largemouth harvested) (Duff 1973). During the 1981 creel,
they accounted for 2.9% of the entire catch (n = 2,820 largemouth harvested) (S. Jackson, WDFW, Region 2 office, Ephrata, Washington, file
data). Largemouth have also accounted for approximately 2.1–2.6% of
all fish captured during electrofishing, gill net, and fyke net surveys
conducted in the littoral zone of Banks Lake in 2000, 2002, 2003, 2004,
2005, and 2006. However, none were reported in angler catches during creel surveys in 2002 / 2003, 2004 / 2005, 2005 / 2006, 2008, and
20089/ 2010 (Polacek et al. 2003b; Polacek and Shipley 2006, 2007;
Polacek 2009; Polacek and Didrickson 2010). Their numbers in Banks
Lake appear to have declined considerably since the introduction of
smallmouth bass, and the burgeoning of the smallmouth population.
Black crappie
Black crappie were not reported in Lake Roosevelt until 1979 (Harper
et al. 1981) whereas they first appeared in Banks Lake in the late 1960s
and by 1971 / 1972 accounted for 4.3% (n = 10,349) of all fish captured
by anglers (Duff 1973). By 1981, their relative abundance in the Banks
Lake creel was 9.3% (n = 9,097) (J. Jackson, WDFW, Region 2, Ephrata,
Washington, file data). Probably, the black crappie in Lake Roosevelt
originated by being pumped in from Banks Lake during power peaking operations. Black crappie were not recorded in angler surveys
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conducted in Banks Lake in 2002 / 2003, 2004 / 2005, 2005 / 2006,
2008, and 2009 / 2010 (Polacek et al. 2003b, Polacek and Shipley
2006, 2007; Polacek 2009, Polacek and Didrickson 2010). However,
black crappie accounted for about 1.9–2.7% of all fish captured during electrofishing, gill net, and fyke net surveys in the littoral zone of
Banks Lake in 2000, 2002, 2003, 2004, 2005, and 2006 (Woller et al.
2004; Polacek et al. 2003a, 2003b; Polacek and Shipley 2006, 2007).

WDFW in 2000, 2002, 2003, 2004, 2005, and 2006 (Woller et al.
2004; Polacek et al. 2003a, 2003b; Polacek and Shipley 2006, 2007).
Walleye comprised of 12.7% (n = 1,520 of 12,000) all fish captured
during fall walleye index netting (FWIN) surveys conducted annually by WDFW each fall from 2002–2008 (WDFW-FWIN 2003, 2004,
2005, 2006, 2007, 2008, 2009, 2010, 2011).
Duff (1972) reported that 9 families and at least 17 species were
found in Banks Lake, including:

Yellow perch
Yellow perch are relatively abundant in Lake Roosevelt, accounting for
10% of all fish sampled from 1948–2010 (see account earlier in this
chapter for details). It thus seems probable that they were pumped
from Lake Roosevelt into Banks Lake. Creel surveys conducted from
1952–1954 indicated that a few yellow perch were present in Banks
Lake. Since that time their numbers generally increased in relative
abundance until 1971–1972 when they accounted for 56% of the relative abundance of all fish caught by anglers (n = 134,258 yellow perch
harvested) (Duff 1973). Yellow perch accounted for 12.5% (n = 12,264)
of all fish caught by anglers in 1981 (S. Jackson, WDFW, Region 2 office,
Ephrata, Washington, file data). In 2002 / 2003, 2004 / 2005, 2005 / 2006,
2008, and 2009 / 2010, yellow perch respectively accounted for 4.7%
(n = 6,810), 39.0% (n = 53,529), 29.2% (n = 43,719), 2.9% (n = 1,977), and
2.4% (n = 2,043) of the relative abundance of all fishes caught during
creel surveys (Polacek et al. 2003b; Polacek and Shipley 2006, 2007;
Polacek 2009; Polacek and Didrickson 2010). Yellow perch constituted
24% of the relative abundance of all fishes captured during electrofishing, gillnet, and fykenet surveys conducted by WDFW in Banks Lake
in 2000 (Woller et al. 2004). In electrofishing, gillnet, and fyke net
surveys conducted in 2002, 2003, 2004, 2005, and 2006, yellow perch
comprised 31.6% of all fishes captured (n = 6,208 of 19,668 total fish)
(Polacek et al. 2003a, 2003b; Polacek and Shipley 2006, 2007). In fall
walleye index netting (FWIN) surveys conducted in Banks Lake each
autumn from 2002–2010, yellow perch comprised 31.3% of all fishes
captured (n = 3,753 of 12,000 total fishes (WDFW-FWIN 2003, 2004,
2005, 2006, 2007, 2008, 2009, 2010, 2011).

• Cyprinidae: carp, peamouth, northern pikeminnow;
• Catostomidae: unidentified sucker;
• Ictaluridae: brown bullhead;
• Esocidae: northern pike;
• Salmonidae: lake whitefish, rainbow trout, kokanee salmon;
• Gadidae: burbot;
• Cottidae: unidentified sculpin;
• Centrarchidae: pumpkinseed, bluegill, largemouth bass, black
crappie; and
• Percidae: yellow perch, walleye;

Stober et al. (1974, 1975, 1976, 1977, 1973) sampled fish in Banks
Lake by setting gill nets and beach seining from 1973–1976. Eight
families and 21 species were represented among 155,555 total fish
captured in these surveys (15,278 in gillnets and 140,277 in beach
seines), including:
• Cyprinidae: carp (n = 305), peamouth (n = 1,466), northern
pikeminnow (n = 13);
• Catostomidae: longnose sucker (n = 424), bridgelip sucker (n = 1),
largescale sucker (n = 35), unidentified sucker (n = 1,470);
• Ictaluridae: brown bullhead (n = 26);
• Salmonidae: lake whitefish (n = 5,701), mountain whitefish (n = 101), rainbow trout (n = 271), kokanee salmon
(n = 1,133), Chinook salmon (n = 80), brown trout (n = 1),
bull trout (n = 1) (sampled in main irrigation canal);
• Gadidae: burbot (n = 3);
• Cottidae: prickly sculpin (n = 2,670);

Walleye
Walleye were first reported in Banks Lake in 1959 and a voucher specimen was placed in the University of Washington fish collection (UW
14650). Walleye became established in Banks Lake in the mid-1960s,
about the same time they established natural spawning populations
in Lake Roosevelt. Walleye were first reported during creel surveys in
Banks Lake in 1965 when 200 walleye were caught by anglers (Spence
1965). The 1971–1972 creel was comprised of 0.2% walleye (n = 273)
(Duff 1973) and the 1981 creel was comprised of 0.7% walleye (n = 703)
(S. Jackson, WDFW, Region 2 office, Ephrata, Washington). They have
steadily increased in abundance in creel surveys since then, aided by
WDFW supplementation in 1992, and 1995–1998.
In 2002 / 2003, walleye comprised 6.5% (n = 9,259 of 142,147) of
all fish caught (Polacek et al. 2003b). In 2004 / 2005, walleye comprised 11.6% (n = 15,913 of 137,017) of all fish caught (Polacek and
Shipley 2006). In 2005 / 2006, walleye comprised 7.7% (n = 11,500
of 149,808) of all fish caught (Polacek and Shipley 2007). In 2008,
walleye comprised 42.9% (n = 29,655 of 69,162) of all fish caught
(Polacek 2009). In 2009 / 2010, walleye comprised 51.4% (n = 43,524
of 84,677) of all fish caught (Polacek and Didrickson 2010).
Walleye comprised 3.8% (n = 849 of 22,537) of all fish captured
during electrofishing, gillnet, and fyke net surveys conducted by

• Centrarchidae: pumpkinseed (n = 105), largemouth bass
(n = 936), black crappie (n = 891); and
• Percidae: yellow perch (n = 139,898), walleye (n = 25).

In 2000, WDFW used a combination of electrofishing (at 60
sites), gill netting (40 net sets), and fyke netting (40 net sets) to
sample Banks Lake in September 2000 (Woller et al. 2004). A total
of 2,896 fish were captured during these surveys, comprised of eight
families and at least 18 species, including (by relative abundance):
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• Cyprinidae: 5.2% carp (n = 150, 56–730 mm TL), < 0.1% tench
(n = 1, 406 mm TL);
• Catostomidae: 0.8% longnose sucker (n = 23, 266–512 mm TL),
0.5% largescale sucker (n = 15, 135–645 mm TL);
• Ictaluridae: 2.2% yellow bullhead (n = 63, 38–309 mm TL),
2.5% brown bullhead (n = 73, 101–368 mm TL);
• Salmonidae: 10.4% lake whitefish (n = 302, 121–588 mm TL),
0.7% rainbow trout (n = 20, 225–486 mm TL), 0.5% kokanee (n = 15, 239–498 mm TL);
• Gadidae: burbot (n = 8, 330–578 mm TL);
• Cottidae: 8.8% unidentified sculpin (n = 254, 35–187 mm TL);

319

Chapter 5
• Centrarchidae: 0.5% pumpkinseed (n = 13, 42–152 mm TL),
0.3% bluegill (n = 8, 25–46 mm TL), 36.0% smallmouth
bass (n = 1,041, 42–486 mm TL), 2.1% largemouth bass
(n = 60, 42–489 mm TL), 1.9% black crappie (n = 56,
56–262 mm TL);
• Percidae: 24.0% yellow perch (n = 696, 45–245 mm TL), 3.4%
walleye (n = 98, 68–620 mm TL).

Washington Department of Fish and Wildlife (WDFW) conducted electrofishing, gillnetting and fykenetting surveys in Banks
Lake in July and August 2002, October 2002, May 2003, October
2004, April 2005, July 2005, October 2005, and July 2006 (Polacek et
al. 2003a, 2003b, Polacek and Shipley 2006, 2007). A total of 19,669
fish were captured during these surveys (Table 5.40), comprised of
8 families and at least 20 species, including (by relative abundance):
• Cyprinidae:< 0.1% peamouth (n = 3), 4.8% carp (n = 948), 0.1%
tench (n = 26);
• Catostomidae: 0.2% longnose sucker (n = 49), < 0.1% bridgelip
sucker (n = 13), 0.2% largescale sucker (n = 30);
• Ictaluridae: 3.4% unidentified bullhead (n = 677);
• Salmonidae: 7.2% unidentified whitefish consisting of both
lake and mountain whitefish (n = 1,423), 1.6% rainbow
trout (n = 317), 2.9% kokanee (n = 561);
• Gadidae: 0.1% burbot (n = 27);
• Cottidae: 13.5% unidentified sculpin, probably prickly sculpin
(n = 2,646);

• Cyprinidae: 1.0% carp (n = 6, 531–650 mm TL);
• Catostomidae: 1.2% longnose sucker (n = 7, 362–529 mm TL);
• Salmonidae: 57.3% lake whitefish (n = 338, 251–524 mm TL),
0.8% rainbow trout (n = 5, 192–515 mm TL), 3.7% kokanee
salmon (n = 22, 108–466 mm TL);
• Gadidae: 0.8% burbot (n = 5, 378–612 mm TL),
• Centrarchidae: 1.2% smallmouth bass (n = 292–425 mm TL),
0.7% black crappie (n = 4, 143–247 mm TL); and
• Percidae: 25.3% yellow perch (n = 149, 95–323), 10.3% walleye
(n = 61, 287–650 mm TL).

Hydroacoustic population estimates (± 2 SE) were 123,334
(± 9,929) lake whitefish, 82,223 (± 6,619) kokanee salmon, and
164,445 (± 13,239) yellow perch.
In October 2005 and July 2006, WDFW set gillnets in the limnetic zone of Banks Lake in conjunction with hydroacoustic surveys that estimated populations of various species that occupied
the limnetic zone (Polacek and Shipley 2007). A total of 716 fish
were captured, including:
• Cyprinidae: 2.0% carp (n = 14, 362–587 mm TL);
• Catostomidae: 0.1% longnose sucker (n = 1, 418 mm TL);
• Ictaluridae: 0.4% unidentified bullhead (n = 3, 240–322 mm TL);

• Centrarchidae: 1.2% pumpkinseed (n = 239), 0.1% bluegill
(n = 24), 23.9% smallmouth bass (n = 4,698), 2.6% largemouth bass (n = 505), 2..7% black crappie (n = 523); and

• Salmonidae: 41.3% unidentified whitefish (n = 296, 85–727 mm
TL), 0.6% rainbow trout (n = 5, 368–526 mm TL), 3.4% kokanee salmon (n = 24, 187–290 mm TL);

• Percidae: 31.6% yellow perch (n = 6,208), 3.8% walleye (n = 751).

• Gadidae: 0.6% burbot (n = 5, 493–685 m TL); and

Minimum and maximum total length of each species is summarized in Table 5.40.
In May and July 2002, WDFW set gillnets in the limnetic zone
of Banks Lake in conjunction with hydroacoustic surveys that estimated that populations of various species that occupied the limnetic zone (Baldwin and Polacek 2007). A total of 473 fish were
collected, including:
• Salmonidae: 88.7% lake whitefish (n = 423, 282–540 mm TL),
5.1% rainbow trout (n = 24, 220–417 mm TL), 4.0% kokanee
salmon 19 (n=19, 109–390 mm TL);
• Gadidae: 0.2% burbot (n = 1, 565 mm TL);
• Centrarchidae: 0.2% smallmouth bass (n = 1, 206 mm TL); and
• Percidae: 1.1% walleye (n = 5, 395–536 mm TL).

Hydroacoustic estimates of fishes measuring 100–800 mm TL
(± 2 SE) averaged 1,348,196 (± 551,788) total fish, during the May and
July surveys including 1,113,454 (± 550,592) lake whitefish, 79,046
(± 39,096) rainbow trout, 105,415 (± 52,127) kokanee salmon, and
19,766 (± 9,774) other species. The reason why kokanee exceeded rainbow trout in the hydroacoustic estimate is that separate hydroacoustic estimates were made for fish ranging from 30–100 mm TL,
201–400 mm TL, and 401–800 mm TL. Since kokanee were the only
species in the 100–200 mm TL range, it was assumed that most of the
hydroacoustic targets in that range represented kokanee.
In October 2004, April 2005, and July 2005 WDFW set gillnets in the limnetic zone of Banks Lake in conjunction with hydroacoustic surveys that estimated populations of various spe320

cies that occupied the limnetic zone of Banks Lake (Polacek and
Shipley 2006). A total of 590 fish were captured, including:

• Centrarchidae: 5.3% smallmouth bass (n = 38, 153–501 mm TL),
11.7% walleye (n = 84, 190–589 mm TL).

Hydroacoustic estimate of fishes measuring 30–800 mm TL
(± 2 SE) was 585,544 (± 118,277) total fish during July 2006, comprised of 279,715 (± 56,501) lake whitefish, 20,931 (± 4,288) kokanee
salmon, 74,210 (± 14,990) yellow perch, and approximately 30,326
(± 6,957) walleye.
In July 2008, WDFW set gillnets at 62 sites in the limnetic zone
of Banks Lake in conjunction with hydroacoustic surveys that estimated populations of various species that occupied the limnetic
zone (Polacek 2009). A total of 208 fish were captured, including
(by relative abundance):
• Cyprinidae: 1.9% carp (n = 4, 550–640 mm TL);
• Salmonidae: 92.7% lake whitefish (n = 193, 105–578 mm TL),
1.9% kokanee salmon (n = 4, 204–368 mm TL);
• Percidae: 1.4% yellow perch (n = 3, 286–302 mm TL), 1.9%
walleye (n = 4, 340–615 mm TL).

Hydroacoustic population estimates (± 2 SE) were 180,337
(± 35,134) lake white fish and 45,084 (± 8,784) kokanee (Polacek
2009).
In July 2009, WDFW set gillnets at 42 sites in the limnetic zone
of Banks Lake in conjunction with hydroacoustic surveys that estimated populations of various species that occupied the limnetic
zone (Polacek and Didrickson 2010). A total of 128 fish were captured, including (by relative abundance):
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Table 5.40

Summary of number of fish captured by electrofishing, gillnetting, and fyke netting surveys conducted by WDFW in Banks
Lake from 2002–2006. Also shown are total number, relative abundance (RA), and minimum and maximum total lengths
(TL) of each species.
Species

Aug¹
2002

Oct²
2002

May²
2003

Oct³
2004

Apr³
2005

Jul³
2005

Oct⁴
2005

Jul⁴
2006

Total

RA (%)

carp
peamouth
tench
Catostomidae longnose sucker
bridgelip sucker
largescale sucker
Ictaluridae
unidentified bullhead
Salmonidae
unidentified whitefish*
rainbow trout
kokanee salmon
Gadidae
burbot
Cottidae
unidentified sculpin†
Centrarchidae pumpkinseed
bluegill
smallmouth bass
largemouth bass
black crappie
Percidae
yellow perch
walleye

146
0
2
3
0
0
48
91
47
3
4
71
6
18
390
12
41
346
72

154
0
2
4
10
7
77
463
86
90
5
960
30
0
719
69
262
1412
99

116
1
1
7
3
15
56
184
63
3
2
197
1
0
462
10
7
158
80

114
1
2
17
0
0
111
306
5
343
4
212
6
0
442
64
84
1166
135

137
0
1
11
0
2
99
101
62
0
3
162
37
2
516
60
32
713
35

106
0
8
1
0
2
114
20
3
0
1
286
57
1
660
68
27
878
69

82
0
3
3
0
4
119
185
32
122
6
274
33
3
608
194
41
1168
150

93
1
7
4
0
0
53
73
19
0
2
484
69
0
901
28
29
367
111

948
3
26
50
13
30
677
1423
317
561
27
2,646
239
24
4,698
505
523
6,208
751

4.8%
< 0.1%
0.1%
0.3%
0.1%
0.2%
3.4%
7.2%
1.6%
2.9%
0.1%
13.5%
1.2%
0.1%
23.9%
2.6%
2.7%
31.6%
3.8%

1,300

4,449

1,366

3,012

1,973

2,301

3,027

Family
Cyprinidae

Total

Min TL Max TL
(mm) (mm)
74
116
86
241
117
117
45
85
57
86
180
36
50
34
37
32
8
12
87

799
358
685
511
445
635
388
709
562
653
695
225
365
75
680
483
397
501
783

2,241 19,669 100%

References: ¹ Polacek et al. (2003a); ² Polacek et al. (2003b); ³ Polacek and Shipley (2006); and ⁴ Polacek and Shipley (2007).
* Most were probably lake whitefish. † Most were probably prickly scuplin.
• Cyprinidae: 1.6% carp (n = 2);
• Gadidae: 0.8% burbot (n = 1);
• Salmonidae: 94.5% lake whitefish (n = 121), 2.3% rainbow trout
(n = 3);
• Percidae: 0.8% walleye (n = 1).

Hydroacoustic population estimates (± 2 SE) totaled 395,716
(± 184,414) fish, comprised of 374,075 (± 174,328) lake whitefish and
9,275 (± 4,322) rainbow trout (Polacek and Didrickson 2010).
Table 5.41 summarizes fall walleye index netting (FWIN) surveys conducted by WDFW in Banks Lake from 2002–2010. A total
of 12,000 fish were captured during this 9-year interval, comprised
of 7 families and 22 species, including (by relative abundance):
• Cyprinidae: 3.8% carp (n = 457), 0.1% peamouth (n = 8), 0.1%
tench (n = 12);
• Catostomidae: longnose sucker (n = 41), 0.1% largescale sucker
(n = 14), 0.1% unidentified sucker (n = 12);
• Ictaluridae: 1.9% yellow bullhead (n = 231), 0.9% brown bullhead (n = 0.9), 1.6% unidentified bullhead (n = 193);

Minimum and maximum total length of each species during
those FWIN surveys are recorded in Table 5.41.
Creel surveys conducted by WDFW in Banks Lake from 1952–
1954 indicated that largemouth bass and pumpkinseed accounted
for 64% and 32% of the catch respectively. Other species caught
included rainbow trout, kokanee salmon, bull trout, brook trout,
burbot, black crappie, and yellow perch (Nelson 1954).
Washington Department of Fish and Wildlife (WDFW) conducted creel survey at Banks Lake in 1965 and estimated that
29,100 anglers fished 91,126 hours and caught 1 northern pike, 200
lake whitefish, 20,170 rainbow trout, 17,630 kokanee salmon, 3,250
burbot, 23,560 yellow perch, and 200 walleye (Spence 1965). No
records were kept of the number of pumpkinseed, largemouth bass,
and black crappie harvested during this survey.
Washington Department of Fish and Wildlife (WDFW) conducted a year-long creel survey at Banks Lake from November
1971 to October 1972 (Duff 1973). During this period 92,236 anglers
fished 288,836 hours and caught a total of 239,834 fish, comprised
(by relative abundance) of:
• Salmonidae: 0.2% lake whitefish (n = 452, 305–597 mm TL),
5.3% rainbow trout (n = 12,640, 305–508 mm TL), 30.1% kokanee salmon (n = 72,885, 140–508 mm TL);

• Salmonidae: 10.7% lake whitefish (n = 1,289), 8.9% mountain
whitefish (n = 1,072), 7.2% unidentified whitefish (n = 862),
0.7% rainbow trout (n = 82), 4.5% kokanee salmon
(n = 579);

• Gadidae: 0.1% burbot (n = 273, 705 mm TL and 3.0 kg weight);

• Gadidae: 0.4% burbot (n = 46);

• Centrarchidae: 1.7% pumpkinseed (n = 4,153, 152–214 mm TL),
1.8% largemouth bass (n = 4,327, 249–383 mm TL), 4.3%
black crappie (n = 10,349, 164–348 mm TL). A few bluegill
were also caught but their catch was not recorded.

• Centrarchidae: 1.8% pumpkinseed (n = 231), < 0.1% bluegill
(n = 2), 8.2% smallmouth bass (n = 986), 1.6% largemouth
bass (n = 196), 29.0% black crappie (n = 345); and

• Percidae: 56.0% yellow perch (n = 134,258, 196–234 mm TL),
0.2% walleye (n = 273, 456–533 mm TL).

• Percidae: 31.3% yellow perch (n = 3,753), 12.7% walleye
(n = 1,520).

A. T. Scholz
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Table 5.41

Family

Results of WDFW fall walleye index netting (FWIN) in Banks Lake, Grant County, Washington, 2002–2010. The numbers
of each taxon collected in each year are shown, together with the total, relative abundance (RA), and minimum and maximum total length (TL) of each species.
Species

2002

2003

2004

2005

2006

2007

2008

2009

2010

Cyprinidae

carp
peamouth
tench
Catostomidae longnose sucker
largescale sucker
unidentified sucker
Ictaluridae
yellow bullhead
brown bullhead
unidentified bullhead
Salmonidae
lake whitefish
mountain whitefish
unidentified whitefish
rainbow trout
kokanee salmon
Gadidae
burbot
Centrarchidae pumpkinseed
bluegill
smallmouth bass
largemouth bass
black crappie
Percidae
yellow perch
walleye

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
95

76
1
0
1
6
0
0
0
53
1
510
0
17
79
6
3
0
155
21
38
954
189

55
1
1
13
0
0
0
0
37
0
299
0
5
263
3
5
0
154
21
38
768
143

47
2
2
4
1
0
0
0
42
0
263
0
14
108
9
4
0
121
28
30
699
163

56
3
3
14
0
0
66
15
0
387
0
0
12
13
3
4
0
251
27
23
401
233

58
1
0
3
0
0
28
28
0
518
0
0
3
33
6
4
0
115
19
72
162
184

42
0
2
0
7
0
0
0
27
0
0
426
5
8
7
89
0
6
13
37
92
208

55
0
2
0
0
12
137
0
34
383
0
0
11
6
5
116
0
20
42
43
366
137

68
0
2
6
0
0
0
66
0
0
0
436
15
29
7
6
2
164
25
64
311
168

TOTAL

95

2,110 1,806 1,537 1,511 1,234

969

Total RA (%)
457
8
12
41
14
12
231
109
193
1,289
1,072
862
82
539
46
231
2
986
196
345
3,753
1,520

3.8
0.1
0.1
0.3
0.1
0.1
1.9
0.9
1.6
10.7
8.9
7.2
0.7
4.5
0.4
1.9
0.0
8.2
1.6
2.9
31.3
12.7

Min TL Max TL
(mm) (mm)
109
183
256
237
112
254
164
180
140
50
190
125
263
109
320
68
74
131
90
62
46
130

675
363
369
513
522
644
364
356
383
840
602
642
588
653
720
192
94
804
470
397
364
809

1,369 1,369 12,000 100.0%

References: WDFW- FWIN (2003); WDFW- FWIN (2004); WDFW- FWIN (2005); WDFW- FWIN (2006); WDFW- FWIN (2007); WDFW- FWIN(2008); WDFWFWIN (2009); WDFW- FWIN (2010); WDFW- FWIN (2011).

The economic value of this fishery was estimated at $1,654,865,
based upon 72,866 anglers who targeted salmonids spending
$16.20 per trip (generated $1,494,481.66 in revenue) and 19,370
anglers who targeted spiny–rayed fishes spending $8.82 per trip
(generated $160,383.60 in revenue) (Duff 1973).
Stober (1976) conducted a creel survey at Banks Lake from 1
April 1975 to 31 March 1976. Anglers fished a total of 350,866 total
hours to catch a total of 173,380 total fish, comprised of 0.2% lake
whitefish (n = 321), 11.2% rainbow trout (n = 19,352), 43.3% kokanee
(n = 75,053), 4.7% Chinook salmon (n = 8,133), 2.0% pumpkinseed
(n = 3,529), 0.6% largemouth bass (n = 1,036), 3.7% black crappie (n = 6,501), and 34.5% yellow perch (n = 59,788). No burbot or
brown trout were observed during these surveys.
In 1981, WDFW conducted a creel survey in Banks Lake.
Anglers fished an estimated total of 187,028 angler hours and
caught 98,250 total fish (S. Jackson, WDFW, Region 2, Ephrata,
Washington, internal memorandum). Fish caught (by relative
abundance) included:
• Cyprinidae: 0.1% carp (n = 116);
• Ictaluridae: 0.1% brown bullhead (n = 129);
• Salmonidae: 1.5% lake whitefish (n = 1,478), 2.9% rainbow
trout (n = 2,820), 68.8% kokanee salmon (n = 67,560);
• Centrarchidae: 0.1% pumpkinseed (n = 193), 0.1% smallmouth
bass (n = 116), 3.9% largemouth bass (n = 3,782), 9.3% black
crappie (n = 9,097); and
• Percidae: 12.5% yellow perch (n = 12,265), 0.7% walleye (n = 703).
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Washington Department of Fish and Wildlife (WDFW) conducted creel surveys in Banks Lake from September 2002 to August
2003, September 2004 to August 2005, September 2005 to August
2006, March to November 2008, and March 2009 to January 2010
(Polacek et al. 2003b; Polacek and Shipley 2006, 2007; Polacek
2009; Polacek and Didricksen 2010). Estimated numbers of fish
harvested, and estimated economic value of the fishery for each
survey is recorded in Table 5.42. The number of walleye caught and
harvested gradually increased during each interval, as the numbers of rainbow trout, kokanee salmon, and yellow perch caught
and harvested by anglers gradually declined during each interval.

Billy Clapp Lake
Morphometric and physical characteristics of Billy Clapp Lake, Grant
County are recorded in Table 5.43. Billy Clapp Lake (Figure 5.47) is a
reservoir created by the United States Bureau of Reclamation in 1951
by the construction of Long Lake (also called Pinto) Dam to store
water for the Columbia Basin Project. The reservoir inundated three
smaller lakes: Pot Lake, Coffee Pot Lake, and Long Lake. One of the
first documented catches of walleye in the state of Washington was
in Long Lake before it was flooded (Lennox 1977).
Billy Clapp Lake is surrounded by steep basalt cliffs. The only inlet
is the main irrigation canal that connects Banks Lake to Billy Clapp
Lake. The canal drops 165 ft to the lake surface over Summer Falls
(Figure 5.47). A power plant was constructed near the inlet adjacent
to Summer Falls (Figure 5.47). The lake’s surface elevation fluctuates
from 1,376 ft above MSL during the spring / summer irrigation season
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Table 5.42

Summary of WDFW creel surveys conducted from 2002–2010 in Banks Lake including angler effort, number of fish harvested, number of fish caught and economic value of the fishery. NA = not available. Economic value has been revised from
what was reported in the reference (Matt Polacek, WDFW, pers. comm.). The revised estimates are presented below.

Angler Effort

September 2002
to August 2003

September 2004
to August 2005

September 2005
to August 2006

March 2008 to
November 2008

March 2009 to
January 2010

Angler Trips
Angler Hours

43,257
256,851

62,849
110,104

64,569
142,052

57,343
126,155

62,791
139,487

No. harvested
rainbow trout
kokanee
smallmouth bass
yellow perch
walleye

5,470
0
11,915 (± 140)
698 (± 58)
6,412 (± 59)

3,263 (± 107)
1,445 (± NA)
10,595 (± 206)
16,570 (± 999)
8,754 (± 85)

4,065 (± 301)
83 (± NA)
19,468 (± 301)
26,959 (± 1241)
8,314 (± 124)

371 (± 20)
0
4,397 (± 93)
509 (± 12)
11,560 (± 131)

863 (± 234)
0
3,658 (± 1245)
825 (± 406)
13,737 (± 2017)

No. caught
rainbow trout
kokanee
smallmouth bass
yellow perch
walleye

5,800 (± 420)
0
120,278 (± 815)
6,810 (± 283)
9,259 (± 177)

5,859 (± 156)
1,493 (± NA)
61,223 (± 375)
53,529 (± 1361)
15,913 (± 122)

30,291 (± 1597)
86 (± NA)
64,152 (± 700)
43,719 (± 1508)
11,560 (± 131)

631 (± 29)
0
36,899 (± 216)
1,977 (± 5)
29,655 (± 225)

1,916 (± 583)
0
37,194 (± 10194)
2,043 (± 65)
43,524 (± 3368)

$1,318,041
$30.5

$2,011,183
$32.0

$2,567,270
$39.8

$2,434,805
$42.5

$2,656,352
$42.3

Economic Value
Amount/Angler Trip

References: ¹ Polacek et al. (2003b); ² Polacek and Shipley (2006); ³ Polacek and Shipley (2007); ⁴ Polacek (2009); and ⁵ Polacek and Didrickson (2010)

to 1,311 ft during the winter. During the irrigation season there is rapid
turnover of the lake volume. The outlet of the lake is connected to both
the Main Canal and East Low Canal of the Columbia Basin Project.
In 1976, Washington Department of Game fisheries biologists
surveyed Billy Clapp Lake by setting gill nets (WDFW Region 2,
Ephrata, Washington, file data). They captured a total of 49 fish
comprised of four families and at least six species, including (by
relative abundance):

• Centrarchidae: 1.3% largemouth bass (n = 7), 0.4% black crappie (n = 2); and
• Percidae: 60.0% yellow perch (n = 314), 2.9% walleye (n = 15).

Washington Department of Fish and Wildlife (WDFW) conducted a fall walleye index netting (FWIN) survey in Billy Clapp
Lake in 2010 and captured a total of 236 fish comprised of seven
families and 10 species, including (by relative abundance):

• Cyprinidae: 2.0% carp (n = 1);

• Cyprinidae: 2.1% carp (n = 5; 507–597 mm TL);

• Catostomidae: 6.0% unidentified sucker (n = 3);

• Catostomidae: 5.1% longnose sucker (n = 12; 268–552 mm TL);

• Salmonidae: 2.0% lake whitefish (n = 1), 2.0% mountain whitefish (n = 1), 6.0% kokanee salmon (n = 3); and

• Ictaluridae: 0.4% yellow bullhead (n = 1; 271 mm TL);
• Salmonidae: 11.8* lake whitefish (n = 28; 347–586 mm TL),
0.4% rainbow trout (n = 1; 523 mm TL), 6.4% kokanee
(n = 15; 259–539 mm TL);

• Percidae: 82.0% yellow perch (n = 40);

Dr. James Walton, Peninsula College Fisheries Technology
Program, Port Angeles, Washington, surveyed Billy Clapp Lake with
a group of his students over a four day period (May 19–22) in 1982
(Walton 1983). Fish were sampled using a variety of methods. Most
fish were caught in research gill nets with panels of variable size
mesh ranging from ¾–4 inches. Gill nets were set at 14 randomly selected locations throughout the lake. Additional fish were captured
by beach seine, fyke net, backpack electrofishing, and angling.
Walton’s crew captured a total of 523 fish, representing seven
families and 12 species, including (by relative abundance):
• Cyprinidae: 5.2% carp (n = 27), 4.2% peamouth (n = 22);
• Catostomidae: 6.1% longnose sucker (n = 32);
• Ictaluridae: 4.0% yellow bullhead (n = 20);
• Salmonidae: 10.5% lake whitefish (n = 55), 0.2% rainbow trout
(n = 1), 0.4% kokanee salmon (n = 2);
• Cottidae: 4.8% unidentified sculpin (n = 25);

• Gadidae: 0.4% burbot (n = 1; 587 mm TL);
• Centrarchidae: 30.9% smallmouth bass (n = 73; 187–428 mm
TL); and
• Percidae: 10.2% yellow perch (n = 24; 100–337 mm TL), 32.2%
walleye (n = 76; 242–651 mm TL).

Moses Lake
Moses Lake, a long sinuous lake oriented along a north-south axis,
in Grant County is the third largest natural lake in Washington
(Figurer 5.48). At the southern end it is joined by two arms (Pelican and
Parker horns) oriented on northeast–southwest axis. Morphometry
and physical characteristics of Moses Lake are recorded on Table
5.44. Moses Lake has two inlets, Rocky Ford Creek which enters at
the north end and Crab Creek which enters Pelican Horn. The outlet
(Crab Creek) is on the west shore near the southern terminus.

A. T. Scholz
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Figure 5.47

Table 5.43

Morphometry and physical characteristics of
Billy Clapp Lake, Grant County. The lake was
created in 1951 when the United States Bureau
of Reclamation constructed Long Lake Dam at
its outlet. Summer falls, a 165 ft high waterfall is
located at the head of the lake.

Parameter
Surface elevation (altitude)
Surface area
Shoreline perimeter
Mean depth
Maximum depth
Lake Volume

Value (units)
1,336 ft
1,000 acres
14 miles
65 ft
110 ft
65,000 acre-ft

Percent of shoreline
covered by macrophytes

< 1%

Percent of lake surface
covered by macrophytes

< 1%

These actions reduced primary productivity. Chlorophyll a concentrations, which ranged from 20–40 μg ⁄ L in the 1970s, have been reduced to about 10–15 μg ⁄ L. Although the lake is still classified as eutrophic, pH, temperature and dissolved oxygen concentrations have
typically remained within the acceptable ranges that are tolerated by
fishes. Rainbow trout can be successfully raised in net pens in Moses
Lake and after they are released they grow and survive. However, fish
kills primarily affecting lake whitefish and rainbow trout, but also
carp and bullheads, occur infrequently in Moses Lake.
Schultz and DeLacy (1935 / 1936) collected 9 species, representing 5 families of fishes from Moses Lake, including:
• Cyprinidae: goldfish, tui chub;
• Ictaluridae: brown bullhead;
• Cottidae: prickly sculpin;

Water quality of Moses Lake was investigated by Sylvester and
Oglesby (1964); Brown and Caldwell (1977); Bain (1987) and Welch
et al. (1989). Moses Lake was classified as hyper-eutrophic. Since 1987,
projects were undertaken to reduce nutrient inputs into the lake by
improving irrigation techniques to reduce nutrient input from farm
fields, by eliminating sewage inflows into the lake, and by diluting
the lake by diversion of cooler, purer Columbia River water into it.
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Billy Clap lake. (A) Power plant and Summer Falls
at upstream end and (B) Long Lake (Pinto) Dam
at downstream end. The irrigation canal exiting
Billy Clapp Lake is shown on the left side of photo.
(C) Main canal leaving Billy Clapp Lake, showing
where the east low canal breaks off. Photos courtesy of USBR, US-PD.

• Centrarchidae: pumpkinseed, largemouth bass, white crappie,
black crappie; and
• Percidae: yellow perch.

Also, Schultz and DeLacy (1935 / 1936) collected additional species, representing 3 families and 7 species in Crab Creek, which
formed the inlet and the outlet of Moses Lake, a short distance
above or below the lake. These species included:
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Moses Lake. Photo courtesy of Michelle N. Lamberson, © 2009 all rights reserved.
Table 5.44

• Cyprinidae: carp, chiselmouth, peamouth, northern pikeminnow, speckled dace;
• Catostomidae: bridgelip sucker;

Morphometry and physical characteristics of Moses
Lake, Grant County. Frequent blue-green algae
blooms (Microcystis and Aphanizamenon) cause
hypolimnetic anoxia during the summer months.

• Cottidae: Piute sculpin;

Groves (1951) reported that 8 families and 25 species of fishes
occurred in Moses Lake:
• Cyprinidae: chiselmouth, goldfish, carp, peamouth, speckled
dace, redside shiner, tui chub, tench;
• Catostomidae: bridgelip sucker;
• Ictaluridae: brown bullhead, blue catfish;
• Salmonidae: mountain whitefish, cutthroat trout, rainbow
trout, brook trout;
• Esocidae: redfin pickerel;
• Cottidae: prickly sculpin, Piute sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and

Parameter

Value Units

Surface elevation (altitude)

1,648 ft

Surface area

6,800 acres

Shoreline perimeter

62.3 miles

Mean depth

19 ft

Maximum depth

38 ft

Lake Volume

131,000 acre-ft

Percent of shoreline
covered by macrophytes

51–75%

Percent of lake surface
covered by macrophytes

< 1%

• Cyprinidae: carp, northern pikeminnow, tui chub;

• Percidae: yellow perch.

• Catostomidae: bridgelip sucker;

Groves (1951) used gillnets, set lines, and beach seines to collect fishes. He captured 13 species, representing 7 families of fishes,
including:
A. T. Scholz

• Ictaluridae: brown bullhead;
• Salmonidae: rainbow trout;
• Cottidae: prickly sculpin;
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• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, black crappie; and
• Percidae: yellow perch.

Groves (1951) listed the early plants of fish stocked in Moses Lake.
Catfish (i.e. bullheads) were planted by WDFG in 1922 and established natural spawning populations in the lake (Groves 1951). Blue
catfish were planted by USFWS in 1934 (n = 1,250) (Groves 1951). Blue
catfish did not establish naturally reproducing populations in the lake.
Westslope cutthroat trout from Lake Chelan were transplanted
into Moses Lake in 1916 or 1917 (Groves 1951). In 1929, the USFWS
planted 28,000 Montana black spotted trout (i.e., Yellowstone cutthroat trout) into Moses Lake. Neither species became established.
Largemouth and smallmouth bass were planted into Moses Lake
by WDFG in 1908, 1914, 1923, and 1928 (Groves 1951). In 1935, WDFW
transplanted 3,200 smallmouth bass from the Snake River into
Moses Lake. In 1914, WDFG planted largemouth bass, crappie, and
yellow perch (n = 50,000 total) into Moses Lake (Darwin 1916a).
Largemouth bass were planted by the USFWS in 1934 (n = 3,200)
and 1940 (n = 1,825). Largemouth and smallmouth bass were planted
by USFWS in 1935 (n = 18,620) and 1938 (n = 27,000) (Groves 1951).
Bluegills were planted by WDFG in 1924 (Groves 1951).
Pumpkinseed were planted by USFWS in 1938 (n = 1,280) (Groves
1951). Sunfish (includes pumpkinseed and bluegill) were planted
by USFWS in 1934 (n = 22,150) and 1939 (n = 13,000) (Groves 1951).
Crappies (including white crappie and black crappie) were
planted by WDFG in 1924 (Groves 1951). Crappies were planted by
USFWS in 1935 (n = 8,400), 1938 (n = 1,600), and 1939 (n = 13,000)
(Groves 1951). Mixed lots of black bass, crappies, and sunfishes
were stocked by USFWS in 1934 (n = 46,180) (Groves 1951).
Duff (1976b) reported that 6,006 Atlantic salmon at 21 fish ⁄ lb were
planted in Moses Lake on 30 September 1975. They failed to establish
natural spawning population and did not persist for long in the lake.
The WDFW fish stocking database (1934–2007) recorded the following plants of rainbow trout in waters of the Columbia Basin Project:
• In 1953, 1956–1977, 1980–1992, and 1994–2007, WDFW
stocked a total of 8,939,605 rainbow trout into Banks
Lake, Grant County.
• In 1982, 1992, 1993–1996, and 1998–2007, WDFW
stocked a total of 1,806,796 rainbow trout into Billy
Clapp Lake, Grant County.
• In 1921, 1933–1934, 1936, 1938–1951, 1953–1958, 1960–
1962, 1964–1968, 1970–1980, 1982–1996, and 1998–2007,
WDFW stocked a total of 13,402,556 rainbow trout into
Blue Lake, Grant County.
• In 1933–1934, 1936, 1938–1951, 1953–1958, 1960–1962, 1964–
1980, and 1982–2007 WDFW stocked a total of 9,733,571
rainbow trout planted into Park, Lake, Grant County.
• In 1951–1953 and 1955–2007, WDFW stocked a total of
1,061,545 rainbow trout into Dry Falls Lake, Grant County.
• In 1968–1978, 1980–1982, and 1984–2007, WDFW
stocked a total of 5,914,045 rainbow trout into Moses
Lake, Grant County.
• In 1959–1978, 1980–1982, and 1984–2007, WDFW
stocked a total of 6,956,183 rainbow trout into Potholes
Reservoir, Grant County.
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• In 1959 and 1968, WDFW stocked a total of 23,635 rainbow trout into Scooteney Reservoir, Franklin County.
In addition, WDFW has stocked 39,950,013 rainbow trout into
other waters of the Columbia Basin Project in Grant County and
375,192 rainbow trout into waters of the Columbia Basin Project in
Franklin County between 1933 and 2007.
Washington Department of Fish and Wildlife (WDFW) conducted electrofishing, gillnet, fyke net, and / or beach seine surveys in Moses Lake in 1978, 1989, 1999, 2000, 2001, 2002, and
2005 (Burgess 2000, 2003a, 2003b, 2003c, 2003d; Burgess et al.
2006, 2007a, 2007b). The results of each survey are presented in
Table 5.45. Collectively, 43,438 fish were captured during these surveys, comprised of eight families and at least 21 species, including:
• Cyprinidae: carp (n = 1,132), northern pikeminnow (n = 8);
• Catostomidae: longnose sucker (n = 61), largescale sucker
(n = 26), unidentified sucker (n = 67);
• Ictaluridae: black bullhead (n = 675), yellow bullhead (n = 69),
brown bullhead (n = 530), unidentified bullhead (n = 258);
• Salmonidae: lake whitefish (n = 582), rainbow trout (n = 263);
• Gadidae: burbot (n = 1);
• Cottidae: unidentified sculpin (n = 352);
• Centrarchidae: pumpkinseed (n = 66), bluegill (n = 3,824),
smallmouth bass (n = 2,019), largemouth bass (n = 2,873),
white crappie (n = 50), black crappie (n = 2,946); and
• Percidae: yellow perch (n = 22,623), walleye (n = 5,013).

Each autumn, from 2002–2010, WDFW conducted fall walleye
index netting (FWIN) surveys at Moses Lake (WDFW-FWIN 2003,
2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011) (Table 5.46). These
surveys captured 21,655 total fish, representing seven families and
at least 21 species including (by relative abundance):
• Cyprinidae: 2.84% carp (n = 615), < 0.1% northern pikeminnow (n = 2);
• Catostomidae: 0.1% longnose sucker (n = 24), < 0.1% bridgelip
sucker (n = 4), 0.2% largescale sucker (n = 35), < 0.1% unidentified juvenile sucker (n = 7);
• Ictaluridae: < 0.1% yellow bullhead (n = 1), 0.9% brown bullhead (n = 191), 7.5% unidentified bullhead (n = 1,620), < 0.1%
channel catfish (n = 3);
• Salmonidae: 0.3% lake whitefish (n = 68), 0.2% unidentified
whitefish (n = 39), rainbow trout (n = 33);
• Cottidae: < 0.1% unidentified sculpin (n = 9);
• Centrarchidae: 0.1% pumpkinseed (n = 30), 3.0% bluegill
(n = 638), 8.6% smallmouth bass (n = 1,852), 7.5% largemouth bass (n = 1,625), 8.8% black crappie (n = 1,924); and
• Percidae: 38.4% yellow perch (n = 8,521), 20.4% walleye (n = 4,414).

Minimum and maximum total length of each species is recorded in Table 5.46.
Burgess et al. (2004) used mark / recapture techniques to estimate the walleye population in Moses Lake. The estimated number of walleye > 400 mm TL (± SE) was 55,000 (± 21,300) in June
2003, 72,000 (± 28,000) in October 1973, and 52,000 (± 13,000) in
June 2004. The estimated number of walleye > 100–400 mm TL
(± SE) was 103,000 (± 54,500) in June 2003 and 58,000 (± 22,500)
in October 2003. The number of smallmouth bass and largemouth
bass was estimated, using the proportion of each species relative
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Table 5.45

Results of electrofishing, gillnet, and fyke net surveys conducted by WDFW in Moses Moses Lake, 1978-2005.
Number captured in

Family

Species

Cyprinidae
Cyprinidae

Ictaluridae

1978¹

1989¹

1999¹

2000¹

2001²

2002³

2005⁴

Total

carp

31

62

155

499

16

262

107

1,132

northern pikeminnow

0

1

7

0

0

0

0

8

longnose sucker

0

18

33

6

0

0

4

61

largescale sucker

1

2

5

8

0

0

10

26

unidentified sucker

0

0

0

0

0

67

black bullhead

0

0

0

0

0

675

0

675

67

yellow bullhead

0

0

0

65

2

2

0

69

brown bullhead

18

135

166

143

32

36

0

530

unidentified bullhead

0

0

0

0

0

0

258

258

Salmonidae

lake whitefish

0

15

11

5

0

12

539

582

rainbow trout

0

40

80

86

2

55

0

263

Gadidae

burbot

0

0

1

0

0

0

0

1
352

Cottidae

unidentified sculpin

7

3

6

265

0

71

0

Centrarchidae

pumpkinseed

2

0

11

3

0

17

33

66

402

5

1,332

113

215

1,610

147

3,824

smallmouth bass

5

6

323

383

74

867

361

2,019
2,873

bluegill

Percidae

largemouth bass

206

1

887

52

91

1,574

62

white crappie

50

0

0

0

0

0

0

50

black crappie

206

10

699

110

29

1,046

846

2,946

yellow perch

390

278

5,562

854

1,780

10,131

3,628

22,623

0

136

1,562

583

262

1,844

626

5,013

1,318

712

10,840

3,175

2,503

18,269

6,621

43,438

walleye
Total

References: ¹ Burgess (2000); ² Burgess (2003); ³ Burgess (2004); Gabriel and Jordan (2004); ⁴ Burgess et al. (2007a).

to walleye, at 7,102 smallmouth bass and 13,435 largemouth bass
(Burgess et al. 2004).
Creel harvest data for Moses Lake is available for 1974, 1983,
1991, 1996, and 2003 (Burgess 2000, Burgess et al. 2004), and is
shown in Table 5.47. Before walleye became established in the Lake,
in 1974 and 1983, 53,796–117,970 angler trips were made each year
generating 2.1–4.6 million dollars for the local economy. During
these years, total harvest ranged from 188,290–169,289 fish of all
species with large numbers of yellow perch, black crappie, bluegill,
rainbow trout, and largemouth contributing to the catch. Small
numbers of walleye were first recorded during creel surveys conducted at Moses Lake in 1983. After walleye became established, by
1991, the total number of anglers fishing the lake declined steadily
from 46,668 angler trips per year in 1991, to 9,201 angler trips per
year in 2003 (which generated $0.4 million for the local economy).
During these years, total harvest ranged from 13,148–20,841 fish
of all species. Walleye and yellow perch dominated the catch.
Thus, it appears that the presence of walleye has lead to decreased
numbers of anglers fishing the lake, decreased overall harvest, decreased catches of most species commonly found in the lake before the introduction of walleye, and decreased economic value of
the fishery in Moses Lake. Economic values were calculated based
on the number of anglers fishing and assuming they spent a certain amount per fishing trip. The amount spent for trips varied
between years and was compiled by the United States Fish and
Wildlife Service for different regions of the country. These num-

bers are updated at intervals of approximately five years and were
updated annually using the consumer price index.

Potholes Reservoir
Morphometry and physical characteristics of Potholes Reservoir
is recorded in Table 5.48. Potholes reservoir was constructed in
1950 when the United States Bureau of Reclamation constructed
O’Sullivan Dam at the lake's outlet (Figure 5.49). As the water behind the dam backed up, it inundated approximately 800 “pothole”
ponds and the Crab Creek outlet of Moses Lake (Duff 1974).
Potholes Reservoir is a collection basin for irrigation return
flows of water used in the northern portions of the Columbia
Basin Irrigation Project in Douglas and Grant counties. The reservoir receives irrigation return flows from Lind Coulee, Frenchmen
Hills Wasteway and Winchester Wasteway. Lind Coulee enters
from the east and receives agricultural returns and municipal
and industrial wastes from towns of Moses Lake, Wheeler, and
Warden. Frenchman Hills Wasteway enters the southwest corner
of the reservoir and drains agricultural lands near Quincy and
George, Washington. Winchester Wasteway flows through an extensive sand dune area on the west margin of Potholes Reservoir
and drains farmland between Ephrata and Quincy, Washington.
Surface water also enters the reservoir from Moses Lake via Crab
Creek. Ground water enters the lake by spring seepage.
Water exits Potholes Reservoir via the Potholes Canal, and is
distributed to provide irrigation water to the southern portions
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Table 5.46

Results of WDFW fall walleye index netting (FWIN) in Moses Lake, Grant County, Washington, 2002–2010. The numbers
of each taxon collected in each year are shown, together with the total, relative abundance (RA), and minimum and maximum total length (TL) of each species.

Family

Species

Cyprinidae

carp
northern pikeminnow
longnose sucker
bridgelip
largescale sucker
unidentified sucker
yellow bullhead
brown bullhead
channel catfish
unidentified bullhead
lake whitefish
unidentified whitefish
rainbow trout
unidentified sculpin
pumpkinseed
bluegill
smallmouth bass
largemouth bass
black crappie
yellow perch
walleye

Catostomidae

Ictaluridae

Salmonidae

Cottidae
Centrarchidae

Percidae

2002¹ 2003² 2004³ 2005⁴ 2006⁵ 2007⁶ 2008⁷ 2009⁸ 2010⁹ Total RA (%)

Total

43
0
0
2
4
0
0
38
0
0
7
0
13
0
0
5
1
79
298
668
418

94
0
0
0
4
7
0
0
0
567
10
0
0
0
12
298
153
427
316
2133
649

48
0
3
0
0
0
0
0
0
286
1
0
3
0
0
4
16
33
184
1433
409

51
0
3
0
4
0
0
0
0
165
2
0
0
0
5
9
21
35
287
575
409

49
0
2
0
3
0
0
0
0
72
0
0
0
0
5
37
49
351
419
1382
319

36
0
2
0
5
0
0
0
2
171
5
0
3
0
1
3
7
9
42
416
328

119
0
4
2
5
0
0
0
0
70
0
27
9
6
2
132
551
142
73
580
778

110
0
5
0
7
0
1
18
0
289
5
12
5
3
4
142
1027
549
288
978
728

65
2
5
0
3
0
0
135
1
0
38
0
0
0
1
8
27
0
17
356
376

615
2
24
4
35
7
1
191
3
1,620
68
39
33
9
30
638
1,852
1,625
1,924
8,521
4,414

2.8
0.0
0.1
0.0
0.2
0.0
0
0.9
0.0
7.5
0.3
0.2
0.2
0.0
0.1
3.0
8.6
7.5
8.9
39.4
20.4

Min TL Max TL
(mm) (mm)
116
225
167
264
116
274
191
93
473
72
100
193
326
50
53
19
15
10
62
11
67

842
250
527
558
657
543
191
380
473
494
632
545
549
132
151
209
486
569
312
338
787

1,576 4,670 2,420 1,566 2,688 1,030 2,500 4,171 1,034 21,655 100

References: ¹ WDFW- FWIN (2003); ² WDFW- FWIN (2004); ³ WDFW- FWIN (2005); ⁴ WDFW- FWIN (2006); ⁵ WDFW- FWIN (2007); ⁶ WDFW-FWIN(2008);
⁷ WDFW- FWIN (2009); ⁸ WDFW- FWIN (2010); ⁹ WDFW- FWIN (2011).

Table 5.47

Summary of angler effort and numbers of fish caught
by anglers during WDFW creel surveys conducted
in Moses Lake in 1974, 1983, 1991, 1996, and 2003.
Economic value rounded to nearest $0.1 million.
1991¹

1996¹

2003²

# anglers

53,796 117,970 42,668

1974¹

41,108

9

Total hours

163,012 375,250 120,363 132,352 46,005

carp

1983¹

0

0

0

0

7

brown bullhead

3,420

2,431

3,382

1,312

150

rainbow trout

7,033

35,766

11,663

629

632

bluegill

26,619

18,742

275

962

30

87

1,578

1,242

1,075

411

smallmouth bass

1,795

5,905

346

498

27

black crappie

largemouth bass

121,109

38,984

0

237

477

yellow perch

6,257

62,409

759

3,089

15,585

0

357

2,484

5,345

710

walleye
Total
Economic value
(× 1 million)

166,320 166,172 20,151
2.1

4.6

1.7

References: ¹ Burgess (2000); ² Burgess et al. (2004)

13,147 18,029
1.7

0.4

of the Columbia Basin Project in Adams and Franklin counties.
O’Sullivan Dam is an earthen dam and water seeps through it
to create numerous seep lakes below the dam. Water also flows
through these interconnected seep lakes into Lower Crab Creek.
The Columbia Basin National Wildlife Refuge was established by
the United States Fish and Wildlife Service to take advantage of the
wetland habitat created by these seep lakes.
Water in Potholes Reservoir has been contaminated with several
pesticides and herbicides applied to agricultural fields, including dieldrin and DDT breakdown products (Serder et al. (1994; Rogowski and
Davis 1999; EPA 2005; Seiders et al. 2007; Era-Miller and Coots 2010).
Although DDT was banned by the United States Environmental
Protection Agency in the 1970s, it is a long-lived chemical that still
persists in the environment and has contaminated fish. In Potholes
Reservoir large sized lake whitefish, walleye, largemouth bass, and
carp fillets were contaminated with dieldrin and the DDT breakdown
product 4,4’ DDE at levels that exceed the EPA National Toxics Rule
human health criteria in 40% of the samples tested. Dieldrin is apparently recycled internally in Potholes Reservoir into the fish food chain
and is accumulating in the larger, fattier, and longer-lived fish species.
Era-Miller and Coots (2010) reported that WDOE researchers had collected 10 species representing 6 families of fishes in
Potholes Reservoir, including:
• Cyprinidae: carp;
• Catostomidae: largescale sucker;
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Potholes Reservoir

E

W
Moses Lake

Moses Lake outlet

N
Table 5.48

Figure 5.49

Morphometry and physical characteristics of
Potholes Reservoir, Grant County. Potholes
Reservoir was created in 1980 when the United
States Bureau of Reclamation constructed
O'Sullivan Dam at its outlet.

Parameter
Surface elevation (altitude)
Surface area
Shoreline perimeter

B

Value (units)
1,048 ft
20,000 acres
250 miles

Mean depth

17 ft

Maximum depth

70 ft

Lake Volume

(A) Potholes reservoir showing the Crab Creek
inlet on the north end. Photo courtesy Michelle
N. Lamberson, © 2009 all rights reserved. (B)
Potholes reservoir. Photo courtesy of the Bureau of
Reclamation, US-PD.

500,000 acre-ft

Percent of shoreline
covered by macrophytes

76-100%

Percent of lake surface
covered by macrophytes

1-10%

• Ictaluridae: brown bullhead;

FWIN 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, Table 5.49).
During this nine-year interval a total of 5,479 fish were sampled,
comprised of 7 families and 17 species. Species sampled (by relative
abundance), included:

• Salmonidae: lake whitefish;
• Centrarchidae: bluegill, smallmouth bass, largemouth bass,
black crappie; and
• Percidae: yellow perch, walleye.

• Cyprinidae: 5.0% carp (n = 275);

Each autumn from 2002–2010, WDFW has conducted fall walleye index netting (FWIN) surveys at Potholes Reservoir (WDFWA. T. Scholz

• Catostomidae: 1.2% longnose sucker (n = 67), 0.5% bridgelip
sucker (n = 26), 1.0% largescale sucker (n = 57);
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• Ictaluridae: 0.3% yellow bullhead (n = 15), 3.3% brown bullhead (n = 181), < 0.1% unidentified bullhead (n = 1), 0.3%
channel catfish (n = 18);
• Salmonidae: 8.3% lake whitefish (n = 452), 0.4% rainbow trout
(n = 24);
• Gadidae: < 0.1% burbot (n = 2);
• Centrarchidae: 0.3% bluegill (n = 16), 2.5% smallmouth bass
(n = 135), 2.0% largemouth bass (n = 111), 9.4% black crappie
(n = 240); and
• Percidae: 14.9% yellow perch (n = 815), 55.6% walleye
(n = 3,044).

Minimum and maximum total length of each species are recorded in Table 5.49.
Washington Department of Fish and Wildlife (WDFW) surveyed Potholes Reservoir from 7 May– 11 June and 20 September
to 8 October 1999 using a combination of electrofishing (n = 38
sites), gill netting (n = 18 nets), and fyke netting (n = 17 sites) to collect fish (Osborne et al. 2004d). A total of 5,474 fish were captured
during these surveys, comprised of seven families and at least 16
species. Fishes captured (by relative abundance) included:
• Cyprinidae: 4.5% carp (n = 247, 92–765 mm TL);
• Catostomidae: < 0.1% longnose sucker (n = 4, 95–469 mm TL),
0.4% bridgelip sucker (n = 22, 150–575 mm TL), 1.5% largescale sucker (n = 84, 89–521 mm TL);
• Ictaluridae: 0.3% yellow bullhead (n = 15,166–355 mm TL),
0.6% brown bullhead (n = 35, 184–372 mm TL), 0.1% channel catfish (n = 4, 390–456 mm TL);
• Salmonidae: 2.5% rainbow trout (n = 135, 221–510 mm TL);
• Cottidae: 1.5% unidentified sculpin (n = 84, 39–124 mm TL);
• Centrarchidae: 0.5% pumpkinseed (n = 28, 55–124 mm TL),
16.7% bluegill (n = 918, 37–212 mm TL), 10.5% smallmouth
bass (n = 576, 71–466 mm TL), 12.8% largemouth bass
(n = 702, 70–536 mm TL), 7.9% black crappie (n = 435, 62–
287 mm TL); and
• Percidae: 32.2% yellow perch (n = 1,762, 76–275 mm TL), 7.7%
walleye (n = 423, 201–670 mm TL).

From 1959–1973, WDFW planted 2,141,411 rainbow trout into
Potholes Reservoir, an average of 118,000 per year over the 14-year
period. From 1974–2007, WDFW planted an additional 4,811,722
rainbow trout into Potholes Reservoir, an average of 141,523 per
year over the 34-year period (WDFW fish stocking database).
Kamloops trout (n = 18,000) were planted into Potholes
Reservoir in 1966. Coho salmon (n = 50,000) were planted in
Potholes Reservoir in 1966 but none were ever caught by anglers.
It was inferred, as they were planted at sub-migrant size (50 ⁄ lb),
that they had smolted and emigrated out of the reservoir through
the Potholes Canal before they recruited to the fishery (Duff 1974).
Kokanee salmon eyed egg plants (n = 130,000 eggs in 1967 and
n = 252,000 eggs in 1968), made in Frenchman Hills Wasteway
failed to produce any fish for the Potholes Reservoir fishery.
From 1952–1959, a total of 3,304 anglers were checked during
randomized creel surveys conducted in Potholes Reservoir, an average of 413 per year during this eight-year interval. Those anglers
caught an average of 0.0 rainbow trout, 2.3 yellow perch, 0.4 largemouth bass, 5.2 black crappie, and 0.1 bluegill (Duff 1974).
From 1960–1972, a total of 49,059 anglers were checked during random surveys conducted in Potholes Reservoir (WDFW file data, Region
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2, Ephrata, Washington). No checks were made in 1962 and 40,000 of
these anglers were checked during one year 1967. The 9,059 anglers
who fished Potholes Reservoir from 1960–1966 and 1968–1972 caught
an average of 0.6 rainbow trout, 2.5 yellow perch, 0.1 largemouth bass,
1.7 black crappie, and < 0.1 bluegill. The 40,000 anglers who fished
Potholes Reservoir in 1967 caught an average of 0.9 rainbow trout, 3.1
yellow perch, < 0.1 largemouth bass, 1.6 black crappie, and < 0.1 bluegill.
Washington Department of Fish and Wildlife (WDFW) conducted a year-long creel survey at Potholes Reservoir from 1 March
1973 to 28 February 1974 (Duff 1974). During this interval, an estimated 150,072 anglers fished the reservoir and caught 481,320 total
fish. The catch was comprised (by relative abundance) of:
• Ictaluridae: 0.01% brown bullhead (n = 91);
• Salmonidae: <0.1% lake whitefish (n = 37), 17.3% rainbow trout
(n = 83,400);
• Centrarchidae: 0.04% pumpkinseed (n = 224), 1.7% bluegill
(n = 8,383), 0.2% smallmouth bass (n = 848), 0.9% largemouth bass (n = 4,503), 14.9% black crappie (n = 71,872); and
• Percidae: 64.8% yellow perch (n = 312,314), <0.1% walleye (n = 8).

Duff (1974) also reported that, in addition to the species harvested by anglers, the following species were known to occur in
Potholes Reservoir in 1973 / 1974:
• Cyprinidae: carp;
• Catostomidae: unidentified sucker;
• Salmonidae: brown trout;
• Gadidae: burbot; and
• Cottidae: unidentified sculpin.

The economic value of the Potholes Reservoir fishery was estimated at 2.6 million dollars during the March 1973 to February
1974 fishery, with anglers targeting trout contributing 63% and anglers targeting warm water (spiny–rayed) species contributing 37%
of the economic value (Duff 1974).
Washington Department of Fish and Wildlife (WDFW) conducted
a year-long creel survey at Potholes Reservoir from 8 April 2001 to 28
March 2002 (Petersen 2006). A total of 94,922 anglers caught 1,184,235
fish (CPUE = 12.5 fish ⁄ angler) of this total 431,763 (CPUE = 4.5 fish ⁄ angler), were harvested and 751,472 (CPUE = 8.0 fish ⁄ angler) were released (Petersen 2006). Fish caught during the survey included:
• Cyprinidae: carp (n = 1,035 harvested and 661 released), unidentified cyprinid (n = 0 harvested and 544 released);
• Ictaluridae: brown bullhead (n = 209 harvested and 250 released), channel catfish (n = 174 harvested and 0 released);
• Salmonidae: rainbow trout (n = 52,496 harvested and 17,871
released);
• Centrarchidae: pumpkinseed (n = 169 harvested and 36 released), bluegill (n = 11,501 harvested and 21,825 fish released),
smallmouth bass (n = 4,301 harvested and 42,845 released),
largemouth bass (n = 2,798 harvested and 16,661 released),
black crappie (n = 14,633 harvested and 46,596 released); and
• Percidae: yellow perch (n = 341,900 harvested and 557,416 released), walleye (n = 3,548 harvested and 46,794 released).

In marking studies conducted in 1973, 4,513 rainbow trout
marked with a left pectoral (LP) fin clip were planted in Moses
Lake. Subsequently it was estimated that 374 of these fish (n = 8.3%

Fishes of Eastern Washington: A Natural History

Columbia River Basin Hydrology and Fish Distribution in Eastern Washington

Table 5.49

Results of WDFW fall walleye index netting (FWIN) at Potholes Reservoir, Grant County, Washington, 2002–2010. The
numbers of each taxon collected in each year are shown, together with the total, relative abundance (RA), and minimum
and maximum total length (TL) of each species.

Family

Species

Cyprinidae
Catostomidae

carp
longnose sucker
bridgelip sucker
largescale sucker

Ictaluridae

yellow bullhead
brown bullhead
channel catfish
unidentified bullhead
Salmonidae
lake whitefish
rainbow trout
Gadidae
burbot
Centrarchidae bluegill
smallmouth bass
largemouth bass
black crappie
Percidae
yellow perch
walleye
Total

Min TL Max TL
(mm) (mm)

2002

2003

2004

2005

2006

2007

2008

2009

Total

RA (%)

55
0
23
14

55
0
0
19

56
10
0
1

39
21
0
0

25
18
0
11

31
15
0
0

14
1
3
7

0
2
0
5

275
67
26
57

5.0
1.2
0.5
1.0

370
160
162
170

858
578
622
618

3
4
2
0
130
16
0
0
27
47
34
24
715

0
16
4
0
68
3
1
1
8
1
38
17
413

0
25
3
0
45
2
0
4
18
1
45
26
350

0
37
0
1
33
1
1
4
19
0
18
2
283

11
11
5
0
26
0
0
1
33
14
48
262
340

0
53
2
0
45
0
0
0
7
32
15
297
309

0
29
0
0
59
1
0
5
14
9
36
112
367

1
6
2
0
46
1
0
1
9
7
6
75
267

15
181
18
1
452
24
2
16
135
111
240
815
3,044

0.3
3.3
0.3
0.0
8.3
0.4
0.0
0.3
2.5
2.0
4.4
14.9
55.6

132
192
360
277
187
346
440
125
95
88
74
61
125

362
394
805
277
690
650
535
241
507
521
364
362
792

1,094

644

586

459

805

806

657

428

5,479

100

References: WDFW- FWIN (2003); WDFW- FWIN (2004); WDFW- FWIN (2005); WDFW- FWIN (2006); WDFW- FWIN (2007); WDFW- FWIN(2008); WDFWFWIN (2009); WDFW- FWIN (2010); WDFW- FWIN (2011).

of those planted in Moses Lake) were caught by anglers fishing in
Potholes Reservoir, indicating that a significant number of trout
planted in Moses Lake migrate down the Crab Creek outlet into
Potholes Reservoir.
Also in 1972, rainbow trout released in Potholes Reservoir were
marked with either a right ventral (RV) (n = 24,802) or left ventral (LV) (n = 21,115) fin clip. Of these, it was estimated that 7,239 RV
marked (29.2%) and 4,424 LV marked (21.0%) were caught in Potholes
Reservoir (Duff 1974). Checks were also made at Soda Lake which is
downstream from Potholes Reservoir and connected to it by Potholes
Canal. These checks indicated that substantial numbers of LV and
RV clipped rainbow trout (exact numbers not given) left Potholes
Reservoir and emigrated downstream to Soda Lake (Duff 1974).
Caspian terns nesting on Solstice Island in Potholes Reservoir eat
PIT tagged juvenile salmonids in the Columbia River below the mid
Columbia mainstem dams and return them to their nest. The PIT tags
are then defecated and recovered from their nests. From 1998–2005, a
total 569 PIT tags from coho salmon, 15,623 PIT tags from steelhead
trout, 5,802 PIT tags from Chinook salmon, and 17 PIT tags from
sockeye salmon were detected on the Caspian tern breeding colony
in Potholes Reservoir (Ryan et al. 2002a, 2002b, 2005, 2006, 2008;
Glabek et al. 2003). In 2007 and 2008, an additional 3,234 PIT tags
were recovered on Solstice Island (Sebring et al. 2009, 2010).

Goose Lakes (Upper and Lower)
Upper and Lower Goose lakes are among the seep lakes located
about 4.5 km (2.1 mi) and 5.6 km (3.5 mi) south of Potholes Reservoir.
Upper Goose Lake receives primarily seepage water from Potholes
Reservoir and Royel Irrigation District. Upper Goose Lake was

rehabilitated by WDFW in 1953, 1960, 1965, and 1969. In 194–1941,
1945–1948, 1950, 1952, 1954–1959, 1961–1967, 1970–1974, 1976, 1985,
1995–1996, 2000, 2002–2004, and 2006–2007, WDFW stocked a
total of 1,915,609 rainbow trout into Upper and Lower Goose lakes.
Both lakes were also stocked with Lahontan cutthroat trout. In
2000, Upper Goose Lake was surveyed in 2001 using a combination of electrofishing, gillnets, and fyke nets (Petersen et al. 2004b).
A total of 400 fishes were collected, representing 6 families and 12
species including (by relative abundance):
• Cyprinidae: carp (were visually observed but not collected
during the survey);
• Ictaluridae: 4.0% brown bullhead (n = 16);
• Salmonidae: 0.8% rainbow trout (n = 3), 0.3% kokanee salmon
(n = 1), 0.3% Chinook salmon (n = 1);
• Cottidae: 5.8% unidentified sculpin (n = 23);
• Centrarchidae: 28.2% pumpkinseed (n = 113), 2.2% bluegill
(n = 9), 0.3% smallmouth bass (n = 1), 31.7% largemouth
bass (n = 127) and;
• Percidae: 7.9% yellow perch (n = 32), 18.7% walleye (n = 75).

Irrigation return water flows into Lower Goose Lake through
the West Canal and an intermittent inlet that connects Upper
Goose Lake to Lower Goose Lake. The outlet of Lower Goose
Lake connects to Black Lake and eventually flows into Lower Crab
Creek. Lower Goose Lake has been managed primarily as a warm
water fishery; however, WDFW stocked the lake with coho salmon
and rainbow trout in the late 1960s and early 1970s to provide cold
water angling opportunities. Lower Goose Lake was rehabilitated
by WDFW in 1954, 1970, and 1997. During the 1997 rehab, WDFW

A. T. Scholz
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personnel observed that 6 families and 8 species of fishes were
present in Lower Goose Lake, including:
• Cyprinidae: carp;
• Ictaluridae: brown bullhead;
• Salmonidae: rainbow trout;
• Cottidae: unidentified sculpin;
• Centrarchidae: pumpkinseed, largemouth bass, black crappie; and
• Percidae: walleye.

Washington Department of Fish and Wildlife (WDFW) has
also conducted fall walleye index netting surveys at Scooteney
Reservoir every autumn from 2002–2010 (WDFW-FWIN 2003,
2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011; Table 5.51). A total
of 4,701 fish were collected during these surveys, comprised of 6
families and 18 species, including (by relative abundance):
• Cyprinidae: 0.1% goldfish (n = 4), 5.0% carp (n = 235);

After the 1997 rehab, from 1997–1999, WDFW stocked Lower
Goose Lake with 2,016 Lahontan cutthroat trout, 2,789 rainbow
trout, 4,510 channel catfish, 3,540 bluegill, 12,451 largemouth bass,
and 2,653 black crappie. In October 1999, WDFW sampled the lake
by electrofishing at eight sites, setting gill nets at four sites, and
setting fyke nets at four sites (Petersen et al. 2001). They captured a
total of 899 fishes, comprised of 7 families and 13 species, including
(by relative abundance):
• Cyprinidae: 0.8% carp (n = 7);

• Catostomidae: 1.5% longnose sucker (n = 69), 0.7% bridgelip
sucker (n = 31), 0.3% largescale sucker (n = 12), 0.9% unidentified sucker (n = 41);
• Ictaluridae: 5.7% yellow bullhead (n = 269), 1.7% brown bullhead (n = 81), 0.3% channel catfish (n = 12);
• Salmonidae: 4.7% lake whitefish (n = 220), < 0.1% rainbow
trout (n = 1);
• Centrarchidae: 0.7% pumpkinseed (n = 31), 1.1% bluegill
(n = 53), 3.9% smallmouth bass (n = 183), 3.8% largemouth
bass (n = 180), 3.1% black crappie (n = 148); and
• Percidae: 28.9% yellow perch (n = 1,358), 37.7% walleye (n = 1,773).

• Catostomidae: 0.1% longnose sucker (n = 1);
• Ictaluridae 7.5% brown bullhead (n = 67), 0.4% channel catfish
(n = 4);
• Salmonidae: 0.1% Lahontan cutthroat trout (n = 1), 0.7% rainbow trout (n = 6);
• Cottidae: 5.8% unidentified sculpin (n = 52);
• Centrarchidae: 14.4% pumpkinseed (n = 129), 29.5% bluegill
(n = 265), 7.3% largemouth bass (n = 66), 1.2% black crappie
(n = 22); and
• Percidae: 31.0% yellow perch (n = 279), 1.2% walleye (n = 11).

Scooteney Reservoir
Morphometry and physical characteristics of Scooteney Reservoir,
Franklin County, are recorded in Table 5.50. Scooteney Reservoir
(Figure 5.50) stores irrigation return water that is used to irrigate
southern Franklin County.
Washington Department of Fish and Wildlife (WDFW) conducted electrofishing (15 sites), gillnet (8 sites), and fyke net (8 sites)
surveys in Scooteney Reservoir in 1999 (M. Divens, WDFW Region
1 office, Spokane, Washington, pers. comm.). A total of 2,562 fish
were captured during these surveys, comprised of 7 families and 15
species, including (by relative abundance):
• Cyprinidae: < 0.1% goldfish (n = 1, 305 mm TL), 27.0% carp
(n = 70, 280–470 mm TL);
• Catostomidae: 0.3% longnose sucker (n = 8, 286–470 mm TL);

Minimum and maximum total length of each species are recorded on Table 5.51).
Rainbow trout (n = 23,635) were stocked in Scooteney Reservoir
by WDFW in 1959 and 1968.

Smaller lakes in the Columbia Basin Project Area
Mesa Lake, located near the town of Mesa in Franklin County, has
a surface area of 50 acres, mean depth of 1.5 m (5 ft), and maximum depth of 3.5 m (12 ft). Water enters and exits the lake by irrigation canals associated with the Columbia Basin Irrigation Project.
Historically, Mesa Lake received plants of cutthroat trout by WDFW.
By 1961, the lake had become infested with carp and WDFW rehabilitated it with rotenone, and then restocked it with cutthroat trout
and smallmouth bass (Divens and Phillips 2000). Carp reappeared
in great numbers in 1964, so the lake was rehabilitated again, this
time with toxaphene, and the lake was restocked with rainbow trout.
The rainbow provided a good fishery for about two years (Divens
and Phillips 2000), then declined as warm water fish became established in the lake. Rainbow stocking was stopped and no recent
plants have been made in Mesa Lake (Divens and Phillips 2000).
In August 1998, WDFW surveyed Mesa Lake using a combination of electrofishing (3 10-minute transects), gillnetting (2 sets),
and fyke netting (2 sites) (Divens and Phillips 2000). A total of 892
fish were sampled, comprised of 7 families and 11 species, including (by relative abundance):

• Ictaluridae: 1.2% yellow bullhead (n = 31, 62–270 mm TL),
0.4% channel catfish (n = 9, 235–441 mm TL);

• Cyprinidae: 5.6% carp (n = 50);

• Salmonidae: 0.4% lake whitefish (n = 10, 391–550 mm TL),
< 0.1% rainbow trout (n = 1, 514 mm TL);

• Ictaluridae: 0.2% yellow bullhead (n = 2);

• Cottidae: 2.2% unidentified sculpin (n = 56, 44–143 mm TL);
• Centrarchidae: 3.0% pumpkinseed (n = 78, 55–183 mm TL),
10.1% bluegill (n = 258, 36–236 mm TL), 15.3% smallmouth
bass (n = 393, 65–472 mm TL), 13.3% largemouth bass
(n = 341, 63–900 mm TL), 6.6% black crappie (n = 170,
27–247 mm TL); and
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• Percidae: 37.1% yellow perch (n = 952, 61–262 mm TL), 7.2%
walleye (n = 184, 113–690 mm TL).

• Catostomidae: 6.6% bridgelip sucker (n = 51);
• Salmonidae: 2.2% lake whitefish (n = 20);
• Cottidae: 0.1% unidentified sculpin (n = 1);
• Centrarchidae: 3.5% pumpkinseed (n = 31), 0.3% bluegill
(n = 3), 12.0% largemouth bass (n = 107), 12.9% black crappie (n = 115); and
• Percidae: 54.7% yellow perch (n = 488), 1.8% walleye (n = 16).
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Figure 5.50

Scooteney Reservoir. Photo courtesy of Margret Maria Cordts, © 2008 all rights reserved.

Cox Lake, located near the town of Connell in Franklin County,
has a surface area of 38 acres, mean depth of 5 m (16.4 ft), and maximum depth of 23 m (75.5 ft). Water enters and exits the lake by inlet
and outlet tributaries that are seasonally intermittent and are interconnected to other waters of the Columbia Basin Irrigation Project.
Cox Lake is a eutrophic lake. In August 2000, the lake was thermally
stratified, with the epilimnion extending from the surface to a depth
of 8 m, a thermocline from 8–18 m, and a hypolimnion between 18
and 23 m. Temperatures and oxygen were 2.2–4.0°C and 7.5–8.1 mg ⁄ L
respectively in the epilimnion, 19.7–8.0°C and 0.4–3.7 mg ⁄ L in the
thermocline, and 5.7–6.3°C and 0.2–0.4 mg ⁄ L in the hypolimnion.
Cox Lake was surveyed by WDFW in October 2000 by sampling 12 electrofishing transects and setting 8 gillnets and 8 fyke
nets at randomly selected sites in the lake (Divens et al. 2001). A
total of 1,650 fishes were collected during this survey, including (by
relative abundance):

Table 5.50

Morphometry and physical characteristics of
Scooteney Reservoir, Franklin County. Scooteney
Reservoir was completed by the United States
Bureau of Reclamation in 1952.

Parameter
Surface elevation (altitude)

915 ft

Surface area

590 acres

Shoreline perimeter

17 miles

Mean depth

14 ft

Maximum depth

31 ft

Lake Volume

• Cyprinidae: 1.5% carp (n = 24);

Value (units)

8,500 acre-ft

Percent of shoreline
covered by macrophytes

26-50%

Percent of lake surface
covered by macrophytes

1-10%

• Salmonidae: 0.1% lake whitefish (n = 2);
• Cottidae: 0.3% unidentified sculpin (n = 5);

and 2005 (Schmuck and Petersen 2006). In the 1987 survey,
Walton and Wirt (1989) found 7 families and 12 species of fishes in
Evergreen Reservoir, including:

• Centrarchidae: 4.4% pumpkinseed (n = 72), 24.4% largemouth
bass (n = 403), 25.7% black crappie (n = 424); and
• Percidae: 42.3% yellow perch (n = 698), 1.3% walleye (n = 22).

• Cyprinidae: carp;

Evergreen Reservoir, located near the town of George in
Grant County, was constructed by the United States Bureau
of Reclamation in 1950. It has a surface area of 100 hectares
(247 acres), mean depth of 5.8 m (19 ft), maximum depth of approximately 18.2 m (61 ft), and volume of 4,900 acre–feet.
Fisheries surveys were conducted in Evergreen Reservoir in
1987 (Walton and Wirt 1989), 2000 (Petersen and Osborne 2006a),
A. T. Scholz

• Catostomidae: largescale sucker;
• Ictaluridae: brown bullhead;
• Salmonidae: lake whitefish (15% of total fish observed), rainbow trout;
• Cottidae: unidentified sculpin;
• Centrarchidae: pumpkinseed, smallmouth bass, largemouth
bass, black crappie; and
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Table 5.51

Results of WDFW fall walleye index netting (FWIN) in Scooteney Reservoir, Franklin County, Washington, 2002–2010. The
numbers of each taxon collected in each year are shown, together with the total, relative abundance (RA), and minimum
and maximum total length (TL) of each species.

Family

Species

Cyprinidae

goldfish
carp
longnose sucker
bridgelip
largescale sucker
unidentified sucker
yellow bullhead
brown bullhead

Catostomidae

Ictaluridae

Salmonidae
Centrarchidae

Percidae

2002¹ 2003² 2004³ 2005⁴ 2006⁵ 2007⁶ 2008⁷ 2009⁸ 2010⁹ Total RA (%)
0
55
0
18
4
21
64
3

0
62
0
10
8
0
54
5

0
31
0
2
0
16
45
28

0
29
16
0
0
4
41
0

1
28
22
0
0
0
0
44

2
12
5
0
0
0
32
0

1
8
11
0
0
0
19
0

0
10
15
1
0
0
14
1

0
21
34
0
0
0
26
0

Min TL Max TL
(mm) (mm)

4
256
103
31
12
41
295
81

0.1
5.5
2.2
0.7
0.3
0.9
6.3
1.7

314
171
225
240
350
272
180
183

360
780
676
473
445
652
360
363

channel catfish

0

0

0

0

8

2

1

1

1

13

0.3

300

692

lake whitefish
rainbow trout
pumpkinseed
bluegill
smallmouth bass
largemouth bass
black crappie

85
0
3
2
71
73
24

26
0
5
4
4
22
29

11
0
2
10
22
49
12

13
0
4
18
11
14
14

13
0
4
1
29
6
36

27
0
6
11
13
4

34
0
3
6
22
5

11
1
4
1
11
7

48
0
6
10
2
8

268
1
37
63
185
188

5.7
0.0
0.8
1.3
3.9
4

188
456
65
68
81
83

598
456
161
230
490
520

yellow perch
walleye

170
252

167
22

153
307

141
264

230
222

13
190
225

10
140
254

10
167
227

39
595
298

187
1953
2071

4.0
41.5
44.1

69
90
130

343
343
764

845

418

688

569

644

542

514

481

1,088 5,789

123

Total

References: ¹ WDFW- FWIN (2003); ² WDFW- FWIN (2004); ³ WDFW- FWIN (2005); ⁴ WDFW- FWIN (2006); ⁵ WDFW- FWIN (2007); ⁶ WDFW- FWIN(2008);
⁷ WDFW- FWIN (2009); ⁸ WDFW- FWIN (2010); ⁹ WDFW- FWIN (2011).
• Esocidae: 0.6% tiger muskellunge (n = 9, 350–1,010 mm TL);

• Percidae: yellow perch, walleye.

Tiger muskie stocking in Evergreen Reservoir began in 1997
(n = 1,660), and continued in 1998 (n = 1,500), 1999 (n = 400), and
2000 (n = 300).
In the 2000 fisheries survey of Evergreen Reservoir, Petersen
and Osborne (2006) sampled fish by electrofishing, gillnetting,
and fyke netting and recorded 1,309 fishes, representing 8 families
and 13 species, including (by relative abundance):
• Cyprinidae: 2.1% carp (n = 27);
• Catostomidae: 0.8% largescale sucker (n = 11);
• Ictaluridae: 1.6% brown bullhead (n = 21);
• Esocidae: 0.6% tiger muskellunge (n = 8);
• Salmonidae: 0.6% rainbow trout (n = 8);

• Percidae: 11.2% yellow perch (n = 166, 64–264 mm TL), 2.2%
walleye (n = 33, 201–765 mm TL).

Red Rock Lake, located near the town of Royal in Grant County,
has a surface area of 87.8 hectares (217 acres). The maximum depth
of the lake is approximately 11 m (30.1 ft). Fisheries surveys were
conducted in Red Rock Lake in November 1997 (Fletcher 1997),
October 1999 (Osborne et al. 2004), and June 2004 (Schmuck and
Petersen 2005). In the 1997 survey, Fletcher (1997) sampled 394
fishes (6 species), including (by relative abundance):

• Cottidae: 16.1% unidentified sculpin (n = 211);

• Ictaluridae: 0.5% brown bullhead (n = 2, 158–264 mm TL);

• Centrarchidae: 6.0% pumpkinseed (n = 78), 26.0% bluegill
(n = 340), smallmouth bass (n = 20), 11.9% largemouth bass
(n = 156), 1.4% black crappie (n = 18); and

• Esocidae: 0.8% tiger muskellunge (n = 3, 378–480 mm TL);

• Percidae: 24.0% yellow perch (n = 314), 7.4% walleye (n = 97).

In the 2005 fisheries survey of Evergreen Reservoir Schmuck
and Petersen (2005) used a combination of electrofishing, gillnetting, and fykenetting to sample a total of 1,486 fish comprised of 5
families and 10 species, including (by relative abundance):
• Cyprinidae: 1.3% carp (n = 19, 580–1,010 mm TL);
• Ictaluridae: 1.0% brown bullhead (n = 15, 80–340 mm TL);
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• Centrarchidae: 9.4% pumpkinseed (n = 140, 73–155 mm TL),
45.7% bluegill (n = 679, 65–219 mm TL), 5.9% smallmouth bass
(n = 89, 71–456 mm TL), 12.5% largemouth bass (n = 185, 70–
550 mm TL), 10.2% black crappie (n = 151, 79–344 mm TL); and

• Centrarchidae: 1.5% pumpkinseed (n = 6, 102–152 mm TL),
62.9% largemouth bass (n = 248, 84–523 mm TL), 12.7%
black crappie (n = 50, 86–397 mm TL); and
• Percidae: 21.6% yellow perch (n = 85, 89–207 mm TL).

In the 1999 fisheries survey of Red Rock Lake Osborne et al.
(2004) used a combination of electrofishing, gillnetting, and fyke
netting and sampled a total of 1,237 fish, comprised of 7 families
and 10 species, including (by relative abundance):
• Cyprinidae: 6.9% carp (n = 85, 147–680 mm TL);
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• Crab Creek joins the Columbia River at RKM 657.3
(RM 410.8) on the left bank (Grant County).

• Ictaluridae: 0.25 brown bullhead (n = 3, 185–225 mm TL);
• Esocidae: 0.1% tiger muskellunge (n = 3, 484–580 mm TL);
• Salmonidae: 0.1% lake whitefish (n = 3, 415–455 mm TL);

• Moses / Douglas creeks join the Columbia River
at RKM 716.6 (RM 447.9) on the left bank (Douglas
County).

• Cottidae: 1.6% unidentified sculpin (n = 19, 43–122 mm TL);
• Centrarchidae: 9.2% pumpkinseed (n = 113, 80–145 mm TL),
0.1% smallmouth bass (n = 1, 425 mm TL), 11.7% largemouth bass (n = 144, 111–545 mm TL), 18.6% black crappie
(n = 228, 130–359 mm TL); and

• Wenatchee River joins the Columbia River at
RKM 749.4 (RM 468.4) on the right bank (Chelan
County).

• Percidae: 51.8% yellow perch (n = 638, 108–245 mm TL).

• Entiat River joins the Columbia River at RKM 773.9
(RM 483.7) on the right bank (Chelan County).

Tiger muskellunge were stocked by WDFW in Red Rock Lake
until some escaped past the water control structure at Red Rock
Lake and entered the Columbia River. One was caught by an angler fishing in the Hanford Reach of the Columbia River. Stocking
was discontinued after this incident.
In the 2004 fisheries survey of Red Rock Lake, Schmuck and
Petersen (2005) conducted electrofishing, gillnetting, and fykenetting surveys and sampled 1,041 fishes, comprised of 5 families and
9 species, including (by relative abundance):

• Chelan River joins the Columbia River at RKM 805.3
(RM 503.3) on the right bank (Chelan County).
• Methow River joins the Columbia River at RKM 838.2
(RM 523.9) on the right bank (Okanogan County).
• Okanogan River joins the Columbia River at RKM 853.6
(RM 533.5) on the right bank ( Okanogan County).
• Sanpoil River joins the Columbia River at RKM 984.0
(RM 615.0) on the right bank (Ferry County).

• Cyprinidae: 4.9% carp (n = 51, 152–730 mm TL), 0.1% northern
pikeminnow (n = 1, 229 mm TL);

• Spokane River joins the Columbia River at
RKM 1,022.2 (RM 638.9) on the left bank (Lincoln and
Stevens counties).

• Ictaluridae: 1.2% brown bullhead (n = 12, 104–240 mm TL);
• Salmonidae: 0.5% lake whitefish (n = 5, 300–495 mm TL);
• Centrarchidae: 10.8% pumpkinseed (n = 113, 61–161 mm TL),
0.1% smallmouth bass (n = 1, 229 mm TL), 11.5% largemouth
bass (n = 120, 120–541 mm TL), 6.3% black crappie (n = 65,
98–345 mm TL); and

• Colville River joins the Columbia River at RKM 1,119.2
(RM 699.5) on the left bank (Stevens County).
• Kettle River joins the Columbia River at RKM 1,130.2
(RM 706.4) on the right bank (Ferry County).

• Percidae: 64.7% yellow perch (n = 673, 95–210 mm TL).

• Pend Oreille River joins the Columbia River at
RKM 1,192.8 (RM 745.5) on the left bank (in British
Columbia).

COLUMBIA RIVER TRIBUTARIES
Figure 5.51 illustrates the tributaries of the Columbia River in eastern Washington. The principle tributaries of the Columbia River
upstream from Bonneville Dam in eastern Washington include:
• Wind River joins the Columbia River at RKM 247.2
(RM 154.5) on the right bank (Klickitat County).
• Little White Salmon River joins the Columbia River at
RKM 261 (RM 163.0) on the right bank (Klickitat County).
• White Salmon River joins the Columbia River at
RKM 269.3 (RM 168.3) on the right bank (Klickitat County).
• Klickitat River joins the Columbia River at
RKM 288.6(RM 180.4) on the right bank (Klickitat and
Yakima counties).
• Rock Creek joins the Columbia River at RKM 365.6
(RM 228.5) on the right bank (Klickitat County).
• Walla Walla / Touchet rivers joins the Columbia River
at RKM 503.4 (RM 314.6) on the left bank (Walla Walla
County).
• Snake River joins the Columbia River at RKM 518.7
(RM 324.2) on the left bank (Franklin and Walla Walla
counties).
• Yakima River joins the Columbia River at RKM 536.3
(RM 335.2) on the right bank (Benton County).

WIND RIVER SUB-BASIN
The Wind River originates at McLellan Meadows in the western
Cascade Mountains (Skamania County) south of Mt. St. Helens
at an elevation of 1,188.7 m (3,900 ft) above MSL and flows to
the south for 48.8 km (30.5 mi) to join the Columbia River at
RKM 247.2 (RM 154.5) in Bonneville Reservoir (Skamania County)
at an elevation of 24.4 m (80 ft). River discharge ranges from
250 cfs (during the late summer) to 2,000 cfs (in late winter and
spring). Shipherd Falls at RKM 3.2 (RM 2.0) consists of four falls
ranging from 2.4–3.7 m (8–12 ft) in height. Shipherd Falls blocked
migration of anadromous salmonids, except steelhead, up the
Wind River until 1956 when a fish ladder was constructed around
them. Figure 5.52 is a map of the Wind River Sub-basin. Figure 5.53
is a folio of photographs from the Wind River Sub-basin.
The size of Wind River watershed is 139,580 acres (225 sq mi).
The two most important tributaries are Panther Creek, which
joins the Wind River on the left bank at RKM 6.9 (RM 4.3) and
drains about 85% of the sub-basin; and Trout Creek, which joins
the Wind River on the right bank at RKM 17.3 (RM 10.8) and drains
about 15% of the sub-basin. Hemlock Dam at the mouth of Trout
Creek is a barrier to fish migration. Other tributaries include:
Little Wind River (RKM 1.6), Bear (RKM 3.0), Brush (RKM 4.0),
Dry Falls (RKM 35.0), Oldman (RKM 44.0), Paradise (RKM 40.0),
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Figure 5.51

Map of Columbia River tributaries. Geographic information system data courtesy of Washington Department of Ecology.
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Columbia River Basin: Wind Subbasin
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Figure 5.53
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Wind River, Skamania County, Washington. (A) The Wind is a whitewater river favored by the river rafting crowd. Photo
courtesy of Wet Planet Whitewater, © 2008 all rights reserved. (B) One of the water falls in the Shipherd Falls complex.
The metal grating covers the fish ladder constructed to move anadromous salmonids around the falls. Photo courtesy of
Chris Berger, © 2009 all rights reserved.
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and Trapper (RKM 30.0) creeks. Falls Creek contributes 65% of the
base flow of the Wind River during the summer months and cools
the mainstem of the Wind River (Jezorak and Connolly 2010). The
Wind River is run by whitewater kayakers and rafters on account
of its numerous class III to class V rapids that flow through boulder
fields, cascade flumes, and over waterfalls.
Carson National Fish Hatchery (CNFH), operated by the United
States Fish and Wildlife Service, constructed at RKM 28.0 (RM 17.5)
by the Civilian Conservation Corps (CCC), began rearing fish in
1937. Funding for the operation of CNFH was authorized by the
Mitchell Act (1938), which was an Act passed by the United States
Congress designed to mitigate for salmon and steelhead losses
caused by the construction of the four federal mainstem dams on
the Columbia River (Bonneville, the Dalles, John Day, and McNary
dams). In the vicinity of CNFH a number of springs seep into the
Wind River. The largest (Tyee Springs) was tapped as the water
supply for CNFH. Upwelling of cool water from these springs from
about RKM 28–32 attracts naturally spawning Chinook salmon
and steelhead trout.
Thermographs deployed at four sites in the upper mainstem of
the Wind River during the summer of 2005 recorded a mean (minimum–maximum) temperature of 12.1 (8.2–13.3)°C in July, 12.5 (9.2–
16.1)°C in August, and 10.9 (6.6–16.7)°C in September (Jezorak et al.
2007). In the middle Wind River one temperature gauge recorded
a mean (minimum–maximum) temperature of 11.1 (8.7–14.7)°C in
July, 14.3 (9.3–14.6)°C in August, and 9.7 (7.6–13.0)°C in September
(Jezorak et al. 2007). In Trout Creek, temperature gauges recorded
mean (minimum–maximum) temperatures of 10.5 (5.3–21.2)°C in
July, 10.7 (5.1–21.3)°C in August, and 8.4 (4.3–17.1)°C in September.
In Panther Creek temperature gauges recorded mean (minimum–
maximum) temperatures of 9.5 (6.7–14.9)°C in July, 9.4 (6.4–
14.7)°C in August, and 7.7 (5.2–12.3)°C in September (Jezorak et al.
2007). Thus, temperature remains cool enough to support optimal
growth of salmonids in the mainstem Wind River and Panther
Creek, but July and August maximum temperatures in Trout Creek
are above the optimum for salmonid growth.
Fish habitat in the Wind River drainage has been negatively impacted by timber harvest and road building in riparian corridors,
construction of splash dams to store logs in ponds, then blowing
them out to raft logs downstream to mills, removal of large woody
debris (LWD) from the stream, forest fires, and landslides. These
activities have increased stream temperatures and sediment loads
and reduced fish habitat in the mainstem and tributaries, especially in Trout Creek (Coffin and Lawson 2006).
The United States Forest Service (USFS), United States Geological
Survey Biological Resources Division (USGS-BRD), United States
Fish and Wildlife Service (USFWS), Underwood Conservation
District, and Washington Department of Fish and Wildlife (WDFW)
have been cooperating by conducting stream surveys to evaluate the physical, chemical, and biological conditions and restoring fish habitat within the drainage since the early 1990s. Between
1996–2006, with funding provided by USFWS and Bonneville Power
Administration (BPA), about 100 miles of roads were decommissioned, 160 acres of floodplain were reclaimed, 1,900 riparian acres
were replanted with 57,700 trees, one mile of eroded river bank
caused by a landslide was restored, and more than 1,700 pieces of
large woody debris were added to the mainstem (Bair et al. 2002).
Fish distribution data in the Wind River was reported by Whale
and Chaney (1981); Norman (1982); Crawford et al. (1985); Hymer

(1991, 1993); Grimes (1994); Lucas and Nava (1995); Connolly et
al. (1999a, 1999b, 2003, 2007); Wieman (1999); Bryne et al. (2001);
Rawding and Cochran (2001, 2005, 2006); Bair et al. (2002); Pettit
(2003); Coffin et al. (2004); Harlan (2004); Jesorak et al. (2005, 2007);
Connolly and Jezorak (2005, 2006, 2007); Coffin and Robertson
(2006); Coffin and Lawson (2006); Groesbeck (2006, 2007, 2010);
Cochran and Rawding (2007, 2010); and Jezorak and Connolly (2010).
Collectively, these authors reported the presence of 4 families and 11
species of fishes that occur in the Wind River drainage, including:
• Petromyzontidae: Pacific lamprey
• Salmonidae: mountain whitefish, cutthroat trout (Yellowstone
subspecies), coho salmon, rainbow / steelhead trout, sockeye / kokanee salmon, Chinook salmon [spring and fall (tule
and upriver bright races) runs], brown trout, brook trout;
• Gasterosteidae: three spined stickleback
• Cottidae: shorthead sculpin

Of these, only steelhead / rainbow, Chinook salmon, mountain whitefish, brook trout, and shorthead sculpin are consistently
found in the Wind River drainage. Pacific lamprey are also occasionally observed in the lower and middle mainstem.
In an effort to detect the presence of bull trout, Byrne et al.
(2001) snorkeled 42.8 km (2.5 km at night, and 40.3 km during the
day) in the upper and lower Wind River, Panther Creek, and Trout
Creek. Bull trout are more easily observed during night snorkeling
as compared to daytime snorkeling. A total of 327 rainbow and 22
brook trout were observed in the upper mainstem. Various salmonid species were observed (in spawning coloration) in the lower
mainstem but no bull trout. Rainbow trout (n = 165) and wild steelhead (n = 1) were observed in Panther Creek, and rainbow trout
(n = 99) and brook trout (n = 137) were observed in Trout Creek.
No bull trout were detected during these surveys. In addition, no
bull trout were captured in four smolt traps operated in the Wind
River Basin, one on the mainstem (operated from 1998–2000) and
one each in the Little Wind River, Panther Creek, and Trout Creek
(each operated from 1995–2000) (Byrne et al. 2001). Apparently,
bull trout are not present in the Wind River drainage.
Prior to construction of the fishway around Shipherd Falls
in 1956, the only species that were considered to be native to the
Wind River above the falls were anadromous steelhead / resident
rainbow trout, shorthead sculpin, and possibly mountain whitefish
(Connolly et al. 2001). From 1937–1964, CNFH raised fall Chinook
salmon for release into the Wind River. Between 1938–1981, the
hatchery also produced cutthroat trout (Yellowstone subspecies),
rainbow / steelhead trout, coho salmon, sockeye / kokanee salmon,
spring Chinook salmon, and brook trout that were released into the
Wind River and / or Columbia River. Since 1981, CNFH has produced
predominantly about 1.1–2.5 million spring Chinook annually.
Three distinct races of Chinook salmon occur in the Wind
River: spring Chinook, Tule fall Chinook, and upriver bright fall
Chinook. Spring Chinook migrate to and spawn in the middle and
upper Wind River in the vicinity of CNFH or above CNFH. Tule fall
Chinook arrive in the Wind River shortly before they spawn in the
lower 30 km. Upriver bright fall Chinook arrive in the Wind River
several months before they spawn (they are silver colored, hence
their designation as “bright”) and spawn in the lower 30 km. The
upriver bright fall Chinook are recent colonists of the Wind River
Basin, first appearing in about 1988.
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One of the early goals of CNFH was to establish a natural spawning
population of spring Chinook salmon in the Wind River (Wahle and
Chaney 1981). This goal was realized after the fish ladder was installed
at Shipherd Falls, when spring Chinook released at CNFH began returning there in large numbers. Most of these fish returned to the
hatchery, but some began spawning naturally in the Wind River and
its tributaries between Shipherd Falls and the hatchery, and above
the hatchery. Annual spawning ground surveys conducted between
1959–1978 observed from 25–527 spring Chinook redds and 24–1,936
adult spring Chinook salmon spawning naturally in the Wind River
(Pettis 2002; Jezorak and Connolly 2010). From 1979–2006, and 2008,
escapement of naturally spawning adult spring Chinook in the Wind
River between RKM 0–51.4 totaled 12,511, averaged 431, and ranged
from 26–4,215 annually (Pettit 2003; Groesbeck 2006, 2007, 2010).
The minimum number was observed in 1995; the maximum in 2006.
The current goal of CNFH is to make spring Chinook available for
sport and tribal harvest above Bonneville Dam but not to establish naturally spawning populations in the Wind River (Jezorak and Connolly
2010). The reason for this change in emphasis is that a common goal
of all the participating agencies is to restore wild populations of naturally spawning steelhead to the Wind River above Shipherd falls since
steelhead were the only anadromous species that spawned naturally
there. It is thought that juvenile life stages of naturally produced
steelhead and spring Chinook may compete for food and habitat in
the Wind River. Most naturally produced Chinook juveniles remain
in the river for one year before smolting and migration to the ocean.
Most naturally produced juvenile steelhead remain in the river for 2–3
years before smolting and migrating to the ocean. Studies by Rawding
and Cochran (2001, 2005) indicated that some steelhead parr migrate
downstream at age 1, and that the number of steelhead migrating
downstream as parr can exceed the number migrating downstream as
smolts, perhaps due to competitive interactions with spring Chinook
juveniles. The problem with this is that some steelhead may drop out
of the Wind River before they have a chance to imprint to the odor of
its water during the smolt stage, which acts as a cue to guide the fish
back to the river as adults. However, a study conducted by Jezorak and
Connolly (2010) between 2000–2007 concluded that there were no
significant negative interactions between juvenile steelhead and juvenile Chinook salmon that co-occurred between RKM 24.6 and RKM
44.0 in the mainstem Wind River.
From 1964–2009, estimated escapement of fall Chinook (tule
race) to spawn naturally in the Wind River between RM 0.0 and
RM 32.1 totaled 19,891 adults and 1,295 jacks / subadults. During
this 45 year period, the average (minimum–maximum) counts
were 442 (4–1,801) adults and 36 (0–205) jacks / subadults annually (Norman 1982; Hymer 1991, 1993; Grimes 1994; Harlan 2004;
Groesbeck 2006, 2007, 2010).
From 1988–2008, estimated escapement of fall Chinook (upriver bright race) to spawn naturally in the Wind River between
RM 0.0 and RM 32.1 totaled 19,550 adults and 358 jacks / subadults.
During this 21 year interval, the average (minimum–maximum)
counts were 931 (24–4,764) adults and 21 (0–152) jacks / subadults
annually (Hymer 1991, 1993; Grimes 1994; Harlan 2004; Groesbeck
2006, 2007, 2010).
From 1988–2002, estimated escapement of summer steelhead
to spawn naturally in the Wind River between RM 0.0 and RM 32.1
totaled 8,496 adults and jacks. During this 15 year interval, the average (minimum–maximum) numbers of steelhead counted was
566 (189–1,016) annually (Groesbeck 2005).
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From 1999–2008, estimated escapement of winter steelhead to
spawn naturally in the Wind River between RM 0.0 and 32.1 totaled 279 fish. During this 10 year interval, the average (minimum–
maximum) number of steelhead counted was 28 (13–53) annually
(Grosebeck 2006, 2007, 2010).
Brook trout, mountain whitefish, Chinook salmon, steelhead
trout, Pacific lamprey, and shorthead sculpin occur in the mainstem and tributaries of the Wind River (Connolly et al. 2010;
Jezorak and Connolly 2010). Also, sockeye salmon, coho salmon,
cutthroat trout, and brown trout were rarely observed in the Wind
River drainage (Connolly et al. 2001).
Jezorak and Connolly (2010) investigated the distribution of juvenile steelhead trout and Chinook salmon between RKM 24.6 and
RKM 44.0 of the mainstem Wind River by conducting snorkeling surveys from 2000–2007. Both species were present throughout these
portions of the mainstem, although Chinook salmon were rarely
found above RKM 30.0, (< 4.0 fish ⁄ 100 m²), whereas steelhead trout
were abundant (27–336 age 0 and 1 fish ⁄ 100 m²) above RKM 30.0.
Washington Department of Fish and Wildlife (WDFW) in cooperation with USGS, USFS, and the Yakama Nation has conducted
annual snorkel surveys in the Wind River between Shipherd Falls
(RKM 3.2) and the confluence of Dry Creek (RKM 31) every year
between 1988–2010 (Cochran et al. 2010). Since 1999, a proportion
of the steelhead have been marked and the ratio of marked to unmarked fish observed during the snorkel survey has been used to
generate a population estimate for the number of wild adult steelhead spawning in the Wind River. Since 1988, the wild steelhead
counted in the snorkel survey numbered:
• 252 (in 1988),

• 34 (in 1997),

• 143 (in 2004),

• 112 (in 1989),

• 35 (in 1998),

• 160 (in 2005),

• 123 (in 1990),

• 15 (in 1999),

• 78 (in 2006),

• 104 (in 1991),

• 77 (in 2000),

• 130 (in 2007),

• 148 (in 1992),

• 109 (in 2001),

• 103 (in 2008),

• 84 (in 1993),

• 233 (in 2002),

• 140 (in 2009),

• 99 (in 1996),

• 187 (in 2003),

• 346 (in 2010).

The population estimates since 1999 have numbered
approximately:
• 100 (in 1999),

• 390 (in 2003),

• 352 (in 2007),

• 175 (in 2000),

• 315 (in 2004),

• 325 (in 2008),

• 303 (in 2001),

• 350 (in 2005),

• 452 (in 2009),

• 550 (in 2002),

• 300 (in 2006),

• 967 (in 2010).

Wild steelhead smolt outmigration from the Wind River basin
from 2000–2007 was estimated at 21,135 (in 2000), 25,794 (in 2001),
11,101 (in 2002), 21,811 (in 2003), 32,006 (in 2004), 42,846 (in 2005),
19,126 (in 2006), and 19,291 (in 2007) (Rawding and Cochran 2006;
Cochran and Rawding 2007). Of the 19,291 smolts out migrating
in 2007, 15,127 were produced in lower and middle mainstem, 1,520
were produced in the upper mainstem, 1,529 were produced in
Trout Creek, and 1,115 were produced in Panther Creek (Cochran
and Rawding 2007).
Trout Creek has been set aside as a genetic reserve for wild summer steelhead. An adult steelhead trap in the Hemlock Dam fish lad-
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der is used to capture wild naturally spawning steelhead, which are
scanned for PIT tags to determine their origin. The trap was operated
each year from 1993–2006. The number of steelhead captured each
year was 35 (in 1993), 14 (in 1994), 6 (in 1995), 47 (in 1996), 13 (in 1997),
26 (in 1998), 21 (in 1999), 58 (in 2001), 45 (in 2002), 77 (in 2003), 63
(in 2004), 49 (in 2005), and 62 (in 2006) (Coffin and Lawson 2006).
In 2005, 14 steelhead redds were observed in Trout Creek, 6
redds in Layout Creek, and 1 each in Compass and Crater creeks
(Coffin and Robertson 2006). In 2006, 22 steelhead redds were observed in trout creek, 9 redds in Layout Creek, 6 redds in Planting
Creek, and 0 redds in Compass and Crater creeks (Coffin and
Lawson 2006). Compass, Crater, Layout, and Planting creeks are
tributaries of Trout Creek.
Connolly et al. (2003, 2007), Connolly and Jezorak (2005, 2007,
and Jezorak et al. (2007) conducted backpack electrofishing and snorkel surveys throughout the Wind River and several of its tributaries
(Dry Falls, Panther, Paradise, Trapper, and Trout creeks) from 1996–
2007. In 2001, Connolly et al. (2003) estimated that there were 6,686
age 0 and 6,914 age 1 and older juvenile steelhead present in the upper
Wind River between RKM 24.6 and RKM 44.0. In 2002, Connolly and
Jezorak (2005) estimated that there were 24,571 age 0 and 7,857 age 1
or older juvenile steelhead / rainbow trout present in the upper Wind
River. In 2005, Jezorak and Connolly (2007) estimated that there were
7,195 age 0 and 4,665 age 1 and older steelhead / rainbow trout present
in the upper Wind River. In 2006, Connolly et al. (2007) estimated
that there were 10,631 age 0 and 22,576 age 1 and older juvenile steelhead present in the upper Wind River. Estimated population in Trout
Creek were 19,693 age 0 and 7,321 age 1 or older juvenile steelhead
in 2001 (Connolly et al. 2003) and 486 age 0 and 356 age 1 and older
juvenile steelhead in 2005 (Jezorak and Connolly 2007).
From 1988–2006, Connolly et al. (2007) implanted PIT tags in a
total of 2,577 age 0 or 1 and older juvenile steelhead / rainbow trout
sampled in the upper Wind River mainstem (above RKM 30.0) and
tributaries, including 171 in 1999, 398 in 2000, 240 in 2001, 644 in
2002, 457 in 2003, 22 in 2004, 440 in 2005, and 205 in 2006. A total of 916 age 0 and age 1 or older juvenile steelhead / rainbow trout
sampled in the lower Wind River (below RKM 30.0), including 0 in
1999, 0 in 2000, 12 in 2001, 0 in 2002, 0 in 2003, 443 in 2004, 218 in
2005, and 243 in 2006. During the same interval, a total of 4,747 PIT
tags were implanted in age 0 and age 1 or older juvenile steelhead in
Trout Creek and its tributaries, including 114 in 1999, 299 in 2000,
528 in 2001, 420 in 2002, 797 in 2003, 1,502 in 2004, 536 in 2005, and
551 in 2006. A total of 2,375 PIT tags were implanted in age 0 and age
1 or older juvenile steelhead / rainbow trout in Panther Creek and its
tributaries, including 0 in 1999, 0 in 2000, 43 in 2001, 8 in 2002, 271
in 2003, 684 in 2004, 1,050 in 2005, and 309 in 2006. A total of 197
PIT tags were implanted in age 0 and age 1 or older juvenile steelhead / rainbow trout in the Little Wind River, including 0 each from
1999–2004, 82 in 2005, and 115 in 2006. Overall, 10,820 age 0 and
age 1 or older juvenile steelhead sampled in the Wind River drainage
between 1999–2006 were implanted with PIT tags.
Steelhead / rainbow juvenile captured in smolt (rotary screw)
traps at four locations in the Wind River were also implanted with
PIT tags between 2000–2006 (Conolly et al. 2007). A total of 8,304
were tagged (764 in 2000, 335 in 2001, 945 in 2002, 1,208 in 2003,
1,589 in 2004, 1,270 in 2005, and 1,293 in 2006). Of those, 3,860 were
tagged at a trap in the upper Wind River (547 in 2000, 290 in 2001,
316 in 2002, 626 in 2003, 569 in 2004, 752 in 2005, and 766 in 2006),
1,362 were tagged at a trap in Trout Creek (125 in 2000, 19 in 2001, 317

in 2007, 210 in 2003, 498 in 2004, 93 in 2005, and 100 in 2006), and
2,125 were tagged at a trap in Panther Creek (92 in 2000, 26 in 2001,
312 in 2002, 322 in 2003, 515 in 2004, 425 in 2005, and 433 in 2006).
Of 11,715 PIT tags implanted into steelhead / rainbow trout in
the Wind River drainage between 1999–2004, a total of 160 were
detected as smolts migrating downstream past Bonneville Dam, 15
were recovered by trawling in the Columbia River estuary, 13 were
detected as adults migrating upstream past Bonneville Dam and 2
were detected as adults in the Shipherd Falls fish ladder (Connolly
and Jezorak 2006). These data suggest that the majority of steelhead / rainbow trout in the Wind River sub-basin have a resident
rainbow life history rather than an anadromous steelhead life history.

LITTLE WHITE SALMON SUB-BASIN
The Little White Salmon River originates at an elevation of 1,615 m
(5,299 ft) above MSL in the Gifford Pinchot National Forest and
flows south for 36.4 km (18 mi) into the Columbia River at RKM
261, at Drano Lake, a backwater of Lake Bonneville, the reservoir
impounded by Bonneville Dam [elevation 24.3 m (80 ft) above
MSL]. The river contains 8 km (5 mi) of continuous class IV and
V rapids, making it one of the best whitewater kayak trips in the
country. Over the last 4.8 km (3 mi), the Little White Salmon falls
219 m (720 ft) over a series of cascades and falls. The fall of the river
in this reach is 45 m ⁄ km (240 ft ⁄ mi).
The Little White Salmon flows through a scenic basalt gorge,
with the bed of the river about 800–1,000 ft below the canyon rim.
Spirit Falls at RKM 3.2 (RM 2) is 10 m (33 ft) high. It was historically, and still remains, a barrier to anadromous fish migration.
Wishbone Falls located at RKM 5 (RM 3.1) is 5.2 m (17 ft) high. A
number of other falls are present in the mainstem and tributaries
of the Little White Salmon River.
The Little White Salmon drainage basin is 350 km² (131 sq mi).
Tributaries of the Little White Salmon River include Berry,
Cabbage, Homes, Lapman, Lava, Little Huckleberry, Lost, Lusk,
Moss, and Rock creeks. Low and Peak mean flows at a USGS gauging station located near the mouth at Cook, Washington varied
from 160 cfs (in October) to 976 cfs (in February). Figure 5.54 is
a map of the Little White Salmon Sub-basin. Figure 5.55 contains
photographs of the Little White Salmon Sub-basin.
The USFWS operates two federal salmon hatcheries in the Little
White Salmon Sub-basin, one (Little White Salmon National Fish
Hatchery) near the mouth and the other (Willard National Fish
Hatchery) at about RKM 4.8 (RM 3.2). Willard NFH is located above
Spirit Falls, so eggs are collected at the Little White Salmon NFH
and transferred to Willard where they are incubated, hatched and
reared to smolt size. Coho smolts reared at Willard are outplanted
in the Little White Salmon River above the barrier falls.
Seven families and 17 species of fishes are reported to occur
downstream from Spirit Falls, including:

A. T. Scholz

• Petromyzontidae: Pacific Lamprey, western brook lamprey;
• Acipenseridae: white sturgeon;
• Cyprinidae: peamouth, northern pikeminnow, redside shiner,
• Catostomidae: bridgelip sucker, largescale sucker;
• Salmonidae: spring Chinook salmon, fall Chinook salmon,
coho salmon, chum salmon, steelhead trout;
• Gasterosteidae: three spined stickleback; and
• Cottidae: prickly sculpin, mottled sculpin, torrent sculpin.
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Figure 5.54
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Little White Salmon River Sub-basin. Geographic information system data courtesy of Washington Department of Ecology.
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A

Figure 5.55

(A) Little White Salmon River in winter. Photo courtesy of Jeremy A. Shulke, © 2008 all rights reserved. (B) Spirit
Falls. Photo courtesy Andrew Kumler, © 2011 all rights reserved. (C) Wishbone Falls. Image courtesy of Nate Pfiefer,
© 2010 all rights reserved.
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Fishes reported to occur upstream from Spirit Falls include
coho salmon (introduced), coastal cutthroat trout, rainbow trout,
bull trout, brook trout, and sculpins.
In 1973, fisheries scientists working for the National Marine
Fisheries Service marked 107,707 coho salmon smolts raised at
Willard Hatchery with adipose and left ventral (Ad-LV) fin clips and
released them into the Little White Salmon River at the hatchery
(Vreeland and Wahle 1983). A total of 26 of these fish were subsequently recovered as 2 year old jacks (n = 2) or 3 year old adults (n =
24) at the Little White Salmon hatchery and none were recovered
at four other coho hatcheries that were checked in the Columbia
Basin. Observed catches of Ad-LV in the commercial and sport catch
numbered 78, and those catches were expanded to estimate the total
number of Ad-LV clipped fish caught by commercial fisherman or
sport anglers. The number of fish observed (estimated) harvested
was 9 (47) by Washington commercial trollers, 11 (65) by Washington
sport anglers, 29 (228) by Oregon commercial trollers, 7 (41) by
Oregon sport anglers, 18 (139) by California commercial trollers, 1 (5)
by California sport anglers, and 2 (60) in commercial gill net fisheries in the Columbia River below Bonneville Dam (Vreeland and
Wahle 1993). None were caught in Alaska or British Columbia.
Historical run size of fall Chinook was estimated at about 4,000–
5,000 fish (Fulton 1968), compared to about 100–2400 fish at the
present time. Escapement of jack / sub-adult and adult fall Chinook
salmon (tule race) to spawn naturally in the Little White Salmon
River / Drano Lake between RKM 0 (RM 0) and RKM 33.6 (RM 21.0)
numbered 282 in 1997, 118 in 1999, 124 in 2000, 525 in 2001, 256 in
2002, 2,217 in 2003, 2,378 in 2004, 204 in 2005, 231 in 2006, 466 in
2007, and 490 in 2008. Of these, a total of 2,219 (24%) were jacks / subadult and 7,069 (76%) were adults (data from Streamnet.org, based
on estimates made by WDFW, queried on 10 October 2010).
Escapement of fall Chinook salmon (Tule race) that were
spawned at the Little White Salmon NFH was:

• 929 females, 621 males and 11 jacks in 1979;
• 1,126 females, 433 males and 144 jacks in 1980;
• 772 females, 464 males and 261 jacks in 1981;
• 1,337 females, 710 males and 101 jacks in 1982;
• 664 females, 475 males and 53 jacks in 1983;
• 407 females, 153 males and 17 jacks in 1984;
• 96 females, 112 males and 36 jacks in 1985;
• 303 females, 347 males and 80 jacks in 1986;
• 442 females, 531 males and 12 jacks in 1987;
• 467 females, 217 males and 11 jacks in 1988;
• 0 females, 0 males and 0 jacks in 1989;
• 0 females, 0 males and 0 jacks in 1990;
• 0 females, 0 males and 0 jacks in 1991;
• 0 females, 0 males and 0 jacks in 1992;
• 0 females, 0 males and 0 jacks in 1993;
• 0 females, 0 males and 0 jacks in 1994;
• 0 females, 0 males and 0 jacks in 1995;
• 187 females, 145 males and 3 jacks in 1996;
• 210 females, 96 males and 3 jacks in 1997;
• 128 females, 90 males and 196 jacks in 1998;
• 108 females, 26 males and 0 jacks in 1999;

• 2,800 females, 2,133 males and 147 jacks in 1961;

• 1 females, 0 males, 0 jacks and 13 unknown sex in 2000;

• 2,263 females, 1,902 males and 85 jacks in 1962;

• 0 females, 0 males and 0 jacks in 2001;

• 2,059 females, 1,376 males and 207 jacks in 1963;

• 26 females, 12 males and 0 jacks in 2002;

• 2,859 females, 2,322 males and 44 jacks in 1964;

• 200 females, 99 males and 0 jacks in 2003;

• 1,910 females, 1,056 males and 324 jacks in 1965;

• 2 females, 0 males and 0 jacks in 2004;

• 3,900 females, 4,740 males and 74 jacks in 1966;

• 0 females, 0 males and 0 jacks in 2005;

• 3,295 females, 1,275 males and 131 jacks in 1967;

• 0 females, 0 males and 0 jacks in 2006;

• 1,021 females, 666 males and 106 jacks in 1968;

• 0 females, 0 males and 0 jacks in 2007; and

• 2,133 females, 1,808 males and 125 jacks in 1969;

• 0 females, 2 males and 0 jacks in 2008.

• 2,116 females, 1,841 males and 112 jacks in 1970;
• 2,989 females, 1,655 males and 54 jacks in 1971;
• 1,756 females, 893 males and 87 jacks in 1972;
• 933 females, 1,057 males and 25 jacks in 1973;
• 1,809 females, 686 males and 43 jacks in 1974;
• 1,498 females, 741 males and 372 jacks in 1975;
• 2,285 females, 2,676 males and 219 jacks in 1976;
• 1,639 females, 1,082 males and 41 jacks in 1977;
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• 1,644 females, 844 males and 108 jacks in 1978;

Tule race fall Chinook have been spawned at the Little White
Salmon NFH since 1916, but before 1961 only records of total egg counts
were kept. Total egg takes from 1916–1996 numbered from 440,000–
40,400,000 in years when eggs were collected (Data from Streamnet.
org, compiled by USFWS, queried on 27 October 2010). Tule fall
Chinook were last released in the Little White Salmon River in 1994.
Escapement of jack / sub-adult and adult fall Chinook salmon
(upriver bright race) to spawn naturally in the Little White
Salmon River / Drano Lake between RKM 0 (RM 0) and RKM 33.6
(RM 21.0) numbered 1,137 in 1997, 784 in 1998, 649 in 1999, 896 in
2000, 4,663 in 2001, 6,035 in 2002, 9,520 in 2003, 6,668 in 2004, 631
in 2005, 699 in 2006, 1,011 in 2007, and 265 in 2008. Of those a total

Fishes of Eastern Washington: A Natural History

Columbia River Basin Hydrology and Fish Distribution in Eastern Washington

of 603 (2%) were jacks / sub-adults and 32,350 (98%) were adults
(Data from Streamnet.org, based on estimates by WDFW, queried
on 10 October 2010).
Escapement of fall Chinook (upriver bright race) that were
spawned at the Little White Salmon NFH was:

harvest and subsistence averaged (ranged) 3,175 (0–10,000) between
1993–2002. The greatest sport and Tribal harvest occurred in 2002.
Escapement of spring Chinook salmon that were spawned at
the Little White Salmon NFH was:

• 40 females, 28 males and 164 jacks in 1984;

• 11 females, 68 males and 11 jacks in 1973;
• 38 females, 18 males and 15 jacks in 1974;

• 143 females, 269 males and 441 jacks in 1985;

• 915 females, 466 males and 26 jacks in 1975;

• 868 females, 673 males and 286 jacks in 1986;

• 1,371 females, 1,005 males and 676 jacks in 1976;

• 1,538 females, 1,188 males and 367 jacks in 1987;

• 2,516 females, 950 males and 25 jacks in 1977;

• 1,262 females, 675 males and 155 jacks in 1988;

• 1,110 females, 540 males and 206 jacks in 1978;

• 888 females, 759 males and 171 jacks in 1989;

• 664 females, 225 males and 21 jacks in 1979;

• 1,038 females, 692 males and 78 jacks in 1990;

• 591 females, 383 males and 115 jacks in 1980;

• 1,148 females, 893 males and 340 jacks in 1991;

• 1,699 females, 895 males and 1 jacks in 1981;

• 1,183 females, 797 males and 306 jacks in 1992;

• 1,594 females, 917 males and 33 jacks in 1982;

• 1,416 females, 1,454 males and 186 jacks in 1993;
• 2,751 females, 2,410 males and 395 jacks in 1994;

• 326 females, 226 males, 25 jacks and 178 unknown sex
in 1983;

• 4,155 females, 3,683 males and 933 jacks in 1995;

• 887 females, 470 males and 0 jacks in 1985;

• 3,940 females, 3,548 males and 105 jacks in 1996;

• 890 females, 326 males and 128 jacks in 1986;

• 4,483 females, 3,216 males and 161 jacks in 1997;

• 3,242 females, 1,313 males and 656 jacks in 1987;

• 2,040 females, 1,928 males and 106 jacks in 1998;

• 2,392 females, 1,554 males and 74 jacks in 1988;

• 1,508 females, 1,469 males and 114 jacks in 1999;

• 1,295 females, 537 males and 55 jacks in 1989;

• 1,360 females, 1,458 males and 680 jacks in 2000;

• 1,649 females, 697 males and 16 jacks in 1990;

• 905 females, 2,720 males and 562 jacks in 2001;

• 1,116 females, 618 males, 43 jacks and 14 unknown sex
in 1991;

• 1,152 females, 2,615 males and 122 jacks in 2002;

• 1,467 females, 723 males and 48 jacks in 1992;

• 1,480 females, 2,944 males and 108 jacks in 2003;

• 1,789 females, 1,174 males and 0 jacks in 1993;

• 1,258 females, 1,266 males and 129 jacks in 2004;

• 343 females, 268 males and 4 jacks in 1994;

• 1,033 females, 1,249 males, 23 jacks and 5,453 unknown
sex in 2005;

• 338 females, 282 males, 157 jacks and 299 unknown sex
in 1995;

• 1,033 females, 853 males and 298 jacks in 2006;

• 2,048 females, 847 males, 17 jacks and 25 unknown sex
in 1996;

• 670 females, 1,513 males and 124 jacks in 2007
• 1,969 females, 2,715 males and 760 jacks in 2008; and

• 1,362 females, 670 males and 7 jacks in 1997;

• 1,664 females, 1,731 males and 1,351 jacks in 2008.
Annual upriver bright fall Chinook egg takes during this interval varied from 195,000–9,158,431 and numbered about 3–6 million
in most years (Data from Streamnet.org, compiled by USFWS, queried on 27 October 2010).
Sport harvest of fall Chinook salmon (upriver bright race) in
Drano Lake (Little White Salmon River) was 15 in 1981, 42 in 1982, 3
in 1983, 19 in 1984, 21 in 1985, 60 in 1986, 42 in 1987, 75 in 1988, 73 in
1989, 204 in 1990, 178 in 1991, and 88 in 1992 (Data from Streamnet.
org, compiled by WDF from annual Washington State Sport Catch
reports 1981–1992, queried on 27 October 2010).
Spring Chinook run size into the Little White Salmon River
ranged from fewer than 1,000 to 20,601 between 1993–2002. Sport
harvest averaged (ranged) 1,847 (0–6,495) between 1993–2002. Tribal
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• 757 females, 410 males and 24 jacks in 1998;
• 2,723 females, 1,440 males and 101 jacks in 1999;
• 2,011 females, 699 males, 123 jacks and 5,410 unknown
sex in 2000;
• 1,429 females, 530 males and 38 jacks in 2001;
• 2,487 females, 1,423 males, 7 jacks and 2,812 unknown
sex in 2002;
• 1,231 females, 755 males, 101 jacks and 410 unknown sex
in 2003;
• 1,405 females, 667 males, 17 jacks and 179 unknown sex
in 2004;
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• 1,295 females, 526 males and 100 jacks in 2005;

• 4,236 females, 5,172 males and 1,781 jacks in 1989;

• 1,488 females, 667 males, 5 jacks and 1,459 unknown
sex in 2006;

• 993 females, 1,086 males and 6,319 jacks in 1990;

• 1,080 females, 678 males, 340 jacks and 640 unknown
sex in 2007;
• 1,550 females, 612 males, 414 jacks and 1,176 unknown
sex in 2008; and
• 753 females, 319 males 415 jacks and 1,052 unknown sex
in 2009.
Spring Chinook eggs taken from 1980–2009 varied between
900,581–6,167,400 (Data from Streamnet.org, compiled by USFWS,
queried on 10 October 2010.)
Escapement of coho salmon that were spawned at Little White
Salmon NHF was:

• 1,670 females, 1,938 males and 226 jacks in 1992;
• 326 females, 341 males and 68 jacks in 1993;
• 834 females, 713 males and 72 jacks in 1994;
• 605 females, 653 males and 100 jacks in 1995;
• 247 females, 254 males and 266 jacks in 1996;
• 1,925 females, 1,581 males and 876 jacks in 1997;
• 4,433 females, 4,003 males and 49 jacks in 1998;
• 411 females, 451 males and 702 jacks in 1999;

• 149 females, 151 males and 1,072 jacks in 1961;

• 7,585 females, 7,717 males and 1,790 jacks in 2000;

• 2,193 females, 2,461 males and 375 jacks in 1962;

• 3,743 females, 5,392 males and 58 jacks in 2001;

• 366 females, 216 males and 818 jacks in 1963;

• 1,347 females, 1,541 males and 69 jacks in 2002;

• 2,477 females, 1,903 males and 2,125 jacks in 1964;

• 1,759 females, 2,122 males and 150 jacks in 2003;

• 5,948 females, 8,050 males and 3,204 jacks in 1965;

• 639 females, 612 males, 34 jacks and 4,966 unknown
sex in 2004;

• 5,629 females, 3,416 males and 11,790 jacks in 1966;
• 10,067 females, 8,441 males and 1,098 jacks in 1967;
• 2,432 females, 3,449 males and 5,432 jacks in 1968;

• 417 females, 514 males, 0 jacks and 1,356 unknown sex
in 2005;

• 5,092 females, 3,814 males and 2,404 jacks in 1969;

• 268 females, 337 males, 20 jacks and 56 unknown sex
in 2006;

• 15,288 females, 14,499 males and 2,059 jacks in 1970;

• 19 females, 17 males, 1 jacks and 916 unknown sex in 2007;

• 8,432 females, 8,709 males and 1,436 jacks in 1971;

• 22 females, 71 males, 13 jacks and 103 unknown sex in
2008; and

• 1,962 females, 2,032 males and 266 jacks in 1972;
• 1,007 females, 603 males and 381 jacks in 1973;
• 1,922 females, 1,866 males and 429 jacks in 1974;
• 8,400 females, 7,419 males and 3,109 jacks in 1975;
• 5,013 females, 5,744 males and 366 jacks in 1976;
• 828 females, 972 males and 532 jacks in 1977;
• 2,453 females, 2,327 males and 328 jacks in 1978;
• 2,723 females, 2,302 males and 46 jacks in 1979;
• 856 females, 785 males and 466 jacks in 1980;
• 4,152 females, 4,805 males and 273 jacks in 1981;
• 15,588 females, 15,031 males and 194 jacks in 1982;
• 929 females, 1,711 males and 287 jacks in 1983;
• 3,263 females, 3,356 males and 444 jacks in 1984;
• 6,063 females, 4,528 males and 907 jacks in 1985;
• 12,688 females, 12,326 males and 711 jacks in 1986;
• 3,824 females, 3,847 males and 1,314 jacks in 1987;
• 1,661 females, 1,371 males and 289 jacks in 1988;
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• 5,944 females, 6,222 males and 544 jacks in 1991;

• 0 females, 58 males, 3 jacks and 2,304 unknown sex in
2009.
Annual coho egg take during this interval ranged from
0–20,126,023 and has numbered about 1–13 million in most
years (Data from Streamnet.org, compiled by USFWS, queried 27
October 2010). Coho eggs were not taken after year 2003.
Sport harvest of coho salmon in Drano Lake was 36 in 1981, 133
in 1982, 21 in 1983, 123 in 1984, 226 in 1985, 400 in 1986, 56 in 1987,
47 in 1988, 133 in 1989, 469 in 1990, 269 in 1991, and 75 in 1992 (Data
from Streamnet.org, compiled by WDF from annual Washington
State Sport Catch reports 1981–1992, queried on 27 October 2010).
Sport harvest of steelhead trout in Drano Lake was 624 in 1962,
802 in 1963, 286 in 1964, 853 in 1965, 783 in 1966, 1,319 in 1967, 854
in 1968, 1,273 in 1969, 647 in 1970, 1,006 in 1971, 707 in 1972, 1,082
in 1973, 349 in 1974, 0 in 1975 and 1976, 613 in 1977, 154 in 1978, 20
in 1979, 57 in 1980, 266 in 1981, 0 in 1982, 1983 and 1984. Sport
harvest of steelhead trout in the Little White Salmon River above
Drano Lake was 97 in 1962, 126 in 1963, 107 in 1964, 207 in 1965,
90 in 1966, 200 in 1967, 126 in 1968, 171 in 1969, 91 in 1970, 64 in
1971, 38 in 1972, 102 in 1973, 57 in 1974, 2 in 1975, 45 in 1976, 163 in
1977, 20 in 1978, 13 in 1979, 33 in 1980, 34 in 1981, 22 in 1982, 25 in
1983, and 824 in 1984. (Data from Streamnet.org, compiled by WDF,
queried on 27 October 2010). From May 1985 to present sport catch
of steelhead in both Drano Lake and the Little White Salmon River
was combined.
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WHITE SALMON RIVER SUB-BASIN
The White Salmon River arises on the southwestern slopes of
3,741.8 m (12,276 ft) high Mount Adams at an elevation of 2,286 m
(7,500 ft) above MSL and drops 2,261.6 (7,420 ft) over a distance of
72 km (45 mi) to join the Columbia River at RKM 269.3 (RM 168.3)
in Bonneville Reservoir at an elevation of 24.4 m (80 ft) above MSL.
Over its course, it drops about 31.2 m ⁄ km (164.8 ft per mile). Husum
Falls at [RKM 25.6 (RM 16)] at 3.6 m (12.0 ft) high, was historically an
impediment to migrating anadromous fishes but probably did not
block runs entirely (Connelly et al. 2002). A series of waterfalls and
cascades at RKM 25.9 (RM 16.2) further impeded upstream migration but it is known that steelhead ascended above this fall to spawn
in Trout Lake Creek, which is located above the falls (Pacificorp
1990). The falls at RKM 25.9, however, blocked most anadromous
fish. RKM 25.9–36.9 (RM 16.2–23.1) contains numerous falls and cascades flowing through a narrow basalt gorge with vertical walls up
to 24 m (80 ft) high that probably acted as a velocity barrier to most
anadromous fish. Anadromous fish passage was blocked by construction of Condit Dam at RKM 5.3 (RM 3.2) in 1913 and remained
blocked until October 2011. Condit Dam was 143.6 m (471 ft) long
and the spillway height was 38.1 m (125 ft). The reservoir inundated
by Condit Dam was called Northwestern Lake. It had a surface area
of 37.2 hectares (92 acres), at normal pool at of elevation 89.9 m
(295 ft). Condit Dam (and Northwestern Lake) were removed in
October 2011. A map and photographs of the White Salmon Subbasin are shown respectively in Figure 5.56 and Figure 5.57.
The White Salmon River drains 386 sq mi (250,459 acres) in
Klickitat, Skamania and Yakima counties. Average (minimum–maximum) daily discharge, measured near the mouth, at Underwood,
Washington (USGS gauge #14123500) over an 89 year period of record (1916–1930, 1936–2009) was 1,143 (158–45,200) cfs. Many tributary streams are ephemeral. The upper reach of the White Salmon
River was designated as a Wild and Scenic River on 17 November
1986 by the United States Congress and the lower reach is contained
within the Columbia River Gorge National Scenic Area.
The mainstem is fed by glacial meltwaters of Avalanche and
White Salmon glaciers on Mount Adams. As a result, the White
Salmon is cold even during the summer months. The upper
36 km (22.5 mi) of the mainstem receives discharge from Cascade,
Morrison, and Trout Lake creeks, and numerous other tributaries. Cascade Creek is a perennial stream that receives glacial melt.
Trout Lake Creek joins the White Salmon River at RKM 42 (RM 26).
The principal tributaries of the Lower White Salmon River include
Buck Creek, which enters from the west (right) bank at RKM 10.6
(RM 6.6), and Rattlesnake Creek, which enters from the east (left)
bank at RKM 12.0 (RM 7.5).
Construction of Condit Dam at RKM 5.3 (RM 3.3) in 1913 blocked
the migration of anadromous fish to spawning grounds located
upstream of the dam and caused the extinction of steelhead and
spring Chinook salmon. The numbers of wild fall Chinook and
coho salmon have dwindled to the point where they are also now
at high risk of extinction. White Salmon spring and fall Chinook
were listed as threatened under the Endangered Species Act on 24
March 1999. White Salmon coho were listed as threatened on 28
June 2005. White Salmon River steelhead and chum salmon were
listed as endangered on 25 March 1999. At present (2010), the majority of spring Chinook salmon, fall Chinook (both upriver bright
and tule stocks), coho, and summer and winter steelhead found in
the Salmon River below Condit Dam are hatchery fish. A small

naturally reproducing stock of tule fall Chinook, believed to be descendents of an historic stock that spawned in the White Salmon
River, is still present.
Summer and winter hatchery steelhead were stocked in the
White Salmon River to partially mitigate for the losses of anadromous fish caused by Condit Dam (Rawlings 2000). These hatchery
fish were all adipose fin clipped and can be harvested by sport anglers and Tribal commercial fisherman. The adipose clip separates
hatchery fish from wild steelhead. Wild steelhead have been managed under catch-and-release regulations since 1986.
“The lower mile of the White Salmon River supports a tremendous
steelhead fishery” (Rawlings 2000). Summer Steelhead migrating
up the Columbia River, seek out cool water coming out of the
White Salmon River, which provides a temporary thermal refuge
for them (High et al. 2006). After the temperature of the Columbia
River cools down, these steelhead move back into the Columbia
and continue their migration to tributaries further upstream.
In 1996, 1997, and 2000, a total of 2,900 summer steelhead implanted with radio transmitters at Bonneville Dam and 3,107 of
them (73%) were tracked past the Dalles Dam (High et al. 2006).
A total of 1,312 (62%) of the fish that migrated past the Dalles
Dam temporarily moved into one of more of the tributaries of
Bonneville Reservoir (Wind, Little White Salmon, White Salmon,
or Klickitat rivers) for 3–16 days before continuing their migration
to the Dalles Dam. Apparently, these fish moved into the glacially
fed rivers because they provided a thermal refuge at a time when
the Columbia mainstem had warm temperatures. The number migrating into each river was 70 into the Wind River, 305 into the
Little White Salmon River, 86 into the White Salmon River, 51 into
the Klickitat River, and 556 into Oregon tributaries of Bonneville
Reservoir. A total of 433 fish moved into two or more tributaries
before continuing to the Dalles Dam. Daily water temperature in
the Columbia River varied from about 13–22°C. Temperature in
the tributaries averaged about 2°C less than the temperatures of
the Columbia mainstem.
Bull trout were historically observed in Northwestern Lake,
above Condit Dam but none were observed in recent backpack
electrofishing or nighttime snorkeling surveys that were specifically designed to detect their presence (Byrne et al. 2001; Thiesfeld
et al. 2002). Non-indigenous brook trout were stocked by federal
and state agencies and have become established in the headwaters of the mainstem and most tributaries. Brown trout were also
stocked into the White Salmon River in 1932 (Leech 1933; Schultz
and DeLacy 1935 / 1936) but apparently failed to become established since none were collected during recent surveys (Byrne et al.
2001, Thiesfeld et al. 2002). Evermann and Meek (1899) reported
collecting peamouth in the White Salmon River.
Twelve families and 30 species of fishes are known to occur in
the White Salmon River downstream of Condit Dam (Pacificorp
1996), including:

A. T. Scholz

• Petromyzontidae: Pacific lamprey;
• Acipenseridae: white sturgeon;
• Clupeidae: American shad;
• Cyprinidae: chiselmouth, goldfish, carp, peamouth, northern
pikeminnow, longnose dace, speckled dace, redside shiner;
• Catostomidae: bridgelip sucker, largescale sucker;
• Ictaluridae: brown bullhead, channel catfish;
• Salmonidae: mountain whitefish, coastal cutthroat trout,
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Figure 5.57

(A) Kyaker shoots Husum Falls on the White Salmon River. (B) Panoramic view of Husum Falls. Photos courtesy of Wet
Planet Whitewater, © 2010 all rights reserved.
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chum salmon, coho salmon, steelhead trout (summer
and winter), resident rainbow trout, spring and fall runs
(bright and tule races) of Chinook salmon, coho salmon,
bull trout, and brook trout;
• Percopsidae: sandroller;
• Gasterosteidae: three spine stickleback;
• Cottidae: unidentified species of sculpins;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch, walleye.

• 2,922 adults and 75 jack / sub-adults in 1988;
• 1,127 adults and 55 jack / sub-adults in 1989;

Species found upstream of Condit Dam include cutthroat trout,
rainbow trout, brook trout, possibly Dolly Varden Savelinus malma
(unconfirmed), possibly bull trout Salvelinus confluentus (unconfirmed), and sculpin (species not determined). Since 1986, spring
Chinook salmon have been stocked in the upper mainstem and
Trout Lake Creek above RKM 26.1 (RM 16.3). In 1984, WDFW released
steelhead smolts upstream of Condit Dam. Since 1988, about 10,000
steelhead have been stocked annually into net pens in Northwestern
Lake operated by Pacificorp, WDFW, and White Salmon Steelheaders.
These fish are raised in the lake but are stocked downstream of Condit
Dam at RKM 2.6 (RM 1.6). Coho salmon have also been stocked above
Condit Dam and have been found in Big Buck creek, a tributary
that enters Northwestern Lake at RKM 8.0 (RM 5.0). Northwestern
Lake was stocked with hatchery raised cutthroat, rainbow, and brook
trout. Additionally wild rainbow trout, that are genetically distinct
from the hatchery rainbow, spawn naturally in Big Buck Creek. A
creel survey in Northwestern Lake by Pacificorp in 1991 indicated
that anglers harvested predominantly rainbow trout (84% of the
catch), with lesser numbers of brook trout (7% of the catch) and cutthroat trout (5% of the catch).
Rattlesnake Creek joins the White Salmon River at RKM 13.8.
Elevation ranges from 927 m at the headwaters to 114 m at its confluence with the White Salmon River. Lower Rattlesnake Creek Falls at
RKM 3.8 (RM 2.4) falls in two steps of 1.5 and 2.1 m and probably acts
as barrier for resident salmonids but not larger anadromous salmonids. Upper Rattlesnake Creek Falls at RKM 17 (RM 10.6) falls in two
steps of about 22 m and 25 m that were a barrier to fish migration.
Indian and Mill creeks are tributaries that join Rattlesnake Creek
at RKM 0.8 and RKM 14.0 respectively. Sampling by USGS-Biological
Resources Division personnel in 2001 and 2002 recorded the presence of western brook lamprey, longnose dace, cutthroat trout, rainbow trout, brook trout, and shorthead sculpin in Rattlesnake Creek
below the lower falls (Connully 2003a, 2003b). Above the lower falls
to the base of the upper falls only longnose dace, rainbow trout, and
shorthead sculpin were found. Above the upper falls no fish were
found. In Indian Creek cutthroat trout, rainbow trout, and shorthead sculpin were found. In Mill Creek, only rainbow trout and
shorthead sculpin were found (Connully 2003a, 2003b).
Passive Integrated Transponders (PIT) tagging of adult rainbow
trout in spawning areas on Rattlesnake Creek confirmed that large
rainbow trout make annual fluvial migrations between the White
Salmon River and Rattlesnake Creek (Connully 2003a, 2003b). A
PIT tag detector placed at the mouth of Rattlesnake Creek detected
rainbow trout, that had been implanted with PIT tags at spawning
sites in Rattlesnake Creek, dropping out of Rattlesnake creek into
the White Salmon River after the spawning season. Some of these
fish were later detected moving upstream back into Rattlesnake
Creek during subsequent spawning seasons.
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Upriver bright fall Chinook eggs were collected in the White
Salmon River for hatchery production in 1906 and 1924–1964. Egg
takes during this interval ranged from 24,000–19,026,000 and was
usually about 4–15 million (data from Streamnet.org, compiled by
USFWS, queried on 27 October 2010).
Escapement of natural spawning fall Chinook salmon (upriver
bright race) into river mile 0.0–44.5 of the Little White Salmon
River was estimated at:

• 788 adults and 206 jack / sub-adults in 1990;
• 906 adults and 60 jack / sub-adults in 1991;
• 1,303 adults and 108 jack / sub-adults in 1992;
• 1,032 adults and 44 jack / sub-adults in 1993;
• 1,495 adults and 73 jack / sub-adults in 1994;
• 905 adults and 31 jack / sub-adults in 1995;
• 1,227 adults and 12 jack / sub-adults in 1996;
• 1,813 adults and 27 jack / sub-adults in 1997;
• 1,288 adults and 19 jack / sub-adults in 1998;
• 941 adults and 23 jack / sub-adults in 1999;
• 1,138 adults and 97 jack / sub-adults in 2000;
• 2,416 adults and 127 jack / sub-adults in 2001;
• 3,934 adults and 66 jack / sub-adults in 2002;
• 5,364 adults and 27 jack / sub-adults in 2003;
• 5,604 adults and 6 jack / sub-adults in 2004;
• 3,382 adults and 30 jack / sub-adults in 2005;
• 2,575 adults and 17 jack / sub-adults in 2006;
• 1,001 adults and 20 jack / sub-adults in 2007; and
• 794 adults and 24 jack / sub-adults in 2008 (Data from
Streamnet.org, compiled from WDFW records, queried
on 27 October 2010).
Escapement of natural spawning fall Chinook salmon (tule race)
from RM 0.0–44.5 in the White Salmon River was estimated at:
• 914 adults and 236 jack / sub-adults in 1965;
• 2,865 adults and 340 jack / sub-adults in 1966;
• 1,212 adults and 243 jack / sub-adults in 1967;
• 575 adults and 11 jack / sub-adults in 1968;
• 2,767 adults and 20 jack / sub-adults in 1969;
• 634 adults and 33 jack / sub-adults in 1970;
• 712 adults and 17 jack / sub-adults in 1971;
• 864 adults and 32 jack / sub-adults in 1972;
• 874 adults and 30 jack / sub-adults in 1973;
• 869 adults and 13 jack / sub-adults in 1974;
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• 1,798 adults and 101 jack / sub-adults in 1975;

• 62 adults in 1981;

• 1,881 adults and 182 jack / sub-adults in 1976;

• 3 adults in 1982;

• 216 adults and 15 jack / sub-adults in 1977;

• 44 adults in 1983;

• 796 adults and 267 jack / sub-adults in 1978;

• 7 adults in 1984;

• 636 adults and 26 jack / sub-adults in 1979;

• 51 adults in 1985;

• 1,539 adults and 59 jack / sub-adults in 1980;

• 97 adults in 1986;

• 793 adults and 46 jack / sub-adults in 1981;

• 105 adults in 1987;

• 1,562 adults and 17 jack / sub-adults in 1982;

• 96 adults and 18 jack / sub-adults in 1988;

• 250 adults and 30 jack / sub-adults in 1983;

• 81 adults and 6 jack / sub-adults in 1989;

• 369 adults and 24 jack / sub-adults in 1984;

• 108 adults and 53 jack / sub-adults in 1990;

• 152 adults and 1 jack / sub-adults in 1985;

• 106 adults and 13 jack / sub-adults in 1991;

• 97 adults and 19 jack / sub-adults in 1986;

• 98 adults and 35 jack / sub-adults in 1992; and

• 161 adults and NR jack / sub-adults in 1987;

• 229 adults and 20 jack / sub-adults in 1993.
Sport harvest of spring Chinook salmon from RM 0.0–44.5 in
the White salmon River was estimated by Petit (1996) at:

• 366 adults and 16 jack / sub-adults in 1988;
• 205 adults and 38 jack / sub-adults in 1989;

• 5 jack / sub-adults in 1986

• 124 adults and 21 jack / sub-adults in 1990;

• 51 adults in 1987

• 67 adults and 8 jack / sub-adults in 1991;

• 26 adults in 1988

• 132 adults and NR jack / sub-adults in 1992;

• 12 adults in 1989

• 105 adults and 3 jack / sub-adults in 1993;

• 664 adults and 6 jack / sub-adults in 1990

• 283 adults and 5 jack / sub-adults in 1994;

• 932 adults and 15 jack / sub-adults in 1991; and

• 222 adults and 34 jack / sub-adults in 1995;

• 398 adults and 12 jack / sub-adults in 1992.

• 32 adults and NR jack / sub-adults in 1996;

Sport harvest of mixed hatchery and wild adult steelhead trout
(summer run) from RM 0.0–44.5 in the White Salmon River was
estimated by Sikara (1996) at:

• 124 adults and NR jack / sub-adults in 1997;
• 223 adults and 19 jack / sub-adults in 1998;
• 401 adults and NR jack / sub-adults in 1999;

• 431 in 1962;

• 434 in 1967;

• 1,564, in 1977;

• 444 in 1963;

• 333 in 1968;

• 636 in 1978;

• 147 adults and 20 jack / sub-adults in 2000;

• 170 in 1964;

• 207 in 1969;

• 747 in 1979;

• 1,668 adults and 409 jack / sub-adults in 2001;

• 334 in 1965;

• 404 in 1970;

• 726 in 1980;

• 1,787 adults and 72 jack / sub-adults in 2002;

• 293 in 1966;

• 250 in 1971;

• 1,318 in 1981;

• 434 in 1967;

• 173 in 1972;

• 1,191 in 1982;

• 333 in 1968;

• 739 in 1973;

• 1,305 in 1983;

• 11,480 adults and 991 jack / sub-adults in 2003;
• 8,691 adults and 159 jack / sub-adults in 2004;

• 170 in 1964;

• 205 in 1974;

• 2,191 in 1984; and

• 1,448 adults and 56 jack / sub-adults in 2005;

• 334 in 1965;

• 286 in 1975;

• 3,537 in 1985.

• 755 adults and 41 jack / sub-adults in 2006;

• 293 in 1966;

• 343 in 1976;

After 1985 sport harvest was separated into hatchery and wild
adult summer steelhead. Sport harvest was estimated by Sikara
(1996) at:

• 898 adults and 116 jack / sub-adults in 2007; and
• 770 adults and 5 jack / sub-adults in 2008 (NR = no record. Data from Streamnet.org, compiled from WDFW
records, queried on 27 October 2010).

• 2,966 hatchery and 141 wild fish in 1986;

Sport harvest of fall Chinook salmon (upriver bright race)
from RM 0.0–44.5 in the White Salmon River was estimated by
Holmes et al. (1981, 1982, 1983, 1984, 1985; Holmes and Ward 1986,
1987, 1988; Zinicola and Holmes 1989, 1990, 1991, 1992; Zinicola
1993; Alexandersdottir et al. 1993) at:
• 39 adults in 1980;
A. T. Scholz

• 2,478 hatchery and 1,479 wild fish in 1987;
• 2,893 hatchery and 26 wild fish in 1988;
• 2,456 hatchery and 1,479 wild fish in 1989;
• 1,110 hatchery and 14 wild fish in 1990;
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• 1,744 hatchery and 4 wild fish in 1991;
• 3,733 hatchery and 111 wild fish in 1992; and
• 1,405 hatchery and 67 wild fish in 1993.

KLICKITAT RIVER SUB-BASIN
The Klickitat River is 121 km (75 mi) long between its source in Yakima
County at an elevation of 1,593 m (5,227) above MSL and its confluence
with the Columbia River at RKM 288.6 (RM 180.4) in Klickitat County
near Lyle, Washington at an elevation of 24 m (80 ft) above MSL. It is
one of the longest undammed rivers in the Pacific Northwest. Its drainage basin is 3,496 km² (1,350 sq mi). Average (minimum–maximum)
discharge at USGS gauge #14113000 at RKM 11.2 (RM 7.0) for an 83-year
period of record (1909–1911, 1929–2009) was 1,573 (412–51,000) cfs.
The Klickitat and its tributaries flow through a basalt plateau at
the bottom of 700–1,500 ft deep, steep walled canyons, over numerous cascades and waterfalls. Oak and pine forest interspersed with
meadows cover the hillsides. The prairies are carpeted in a blanket of wild flowers during spring and summer months. The lower
16.8 km (10.5 mi) of the Klickitat River flows through a narrow gorge
that has been designated a federal wild and scenic river. A map and
photographs of the Klickitat River Sub-basin are shown respectively
in Figure 5.58 and 5.59. Tributaries of the Klickitat River include:
1.

Swale Creek, which joins the Klickitat on the left bank
at RKM 27.5 (RM 17.2);

2.

Little Klickitat River on the left bank at RKM 31.7
(RM 19.8);

3.

White Creek on the left bank at RKM 63.2 (RM 39.5);

4.

Outlet Creek on the right bank at RKM 63.5 (RM 39.7);

5.

Big Muddy Creek on the right bank at RKM 86.1
(RM 53.8);

6.

West Fork Klickitat River on the right bank at RKM
100.7 (RM 63.1); and

7.

Diamond Fork on the left bank at RKM 119.7 (RM 74.8).

Several tributaries have waterfalls a short distance above their
confluences with Klickitat River.
Two major falls on the Klickitat River are Lyle Falls at RKM 3.5
(RM 2.2), which is composed of a series of five falls ranging
from 1.2–3.7 m (4–12 ft) in height, and Castile Falls between
RKM 102.4–103.2 (RM 64.0–64.5), which is a series of 11 falls
with a total elevation change of 30.5 m (108 ft) over a distance of
1.1 km (0.67 mi). Both of these falls impeded fish passage but did
not entirely prevent it. Castile Falls, in particular, probably was
a velocity barrier to most anadromous fishes. Lyle Falls supports
a traditional Indian dip net fishery, where Yakama Tribe members stood on wooden platforms over whitewater cascades. It is
one of the two remaining sites in the Pacific Northwest that still
supports a traditional Indian fishery because dams have inundated all the other fisheries. Passage was improved at Lyle Falls by
construction of two fishways by WDFW in 1952. However, as passage of anadromous salmonids was difficult under low discharge
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conditions, efforts are currently underway (2010) to improve
this fishway. Passage improvements (tunnels around the steepest falls) of Castile Falls were initiated under the Mitchell Act in
the late 1950s. This fishway was renovated in 2003–2005. In 2003
a Memorandum of Understanding (MOU) was signed by WDFW
and the Confederated Tribes and Bands of the Yakama Nation
that transferred the responsibility of operation and maintenance
of Klickitat Hatchery, and the Lyle and Castile Falls fishways, to
the Yakama Nation, which became effective in May 2006.
The Klickitat Hatchery at RKM 68.2 (RM 42.5) was constructed
from 1950–1954 as part of the Federal Mitchell Act of 1938. The
Mitchell act partially mitigated for negative impacts to anadromous fishes due to construction and operation of the Federal
Columbia River Power Supply System (FCRPS) i.e., the Federal
hydropower dams on the lower Columbia River (Bonneville, The
Dalles, John Day, and McNary dams). The hatchery raised spring
and fall Chinook salmon and coho salmon for release into the
Klickitat River and was operated by WDFW. Currently, the hatchery
raises approximately 600,000 spring Chinook smolts (15–18 ⁄ lb), 4
million upriver bright fall Chinook salmon (80 ⁄ lb), and 1 million
coho smolts (15–18 ⁄ lb), annually.
It is planned to construct another hatchery, the Wahkiacus
Hatchery / Acclimation facility at RKM 27.2 (RM 17). In the future,
it is planned to rear the native stocks (Klickitat spring Chinook
and Klickitat summer steelhead) at Klickitat Hatchery, and transfer non-native coho and fall Chinook production to the Wahkiacus
facility. It is hoped that this transfer will concentrate the coho and
fall Chinook near Wahkiacus and create a terminal fishery for
them in that vicinity.
Five families and 18 species of fishes are reported to occur in
the Klickitat Basin (Connolly et al. 2002), including:
• Petromyzontidae: Pacific lamprey;
• Cyprinidae: northern pikeminnow, longnose dace, speckled
dace, redside shiner;
• Catostomidae: bridgelip sucker, largescale sucker
• Salmonidae: mountain whitefish, coastal cutthroat trout, steelhead trout, resident rainbow trout [both coastal and interior
(redband) races], coho salmon, Chinook salmon (spring, tule
fall, and upriver bright fall races), bull trout, brook trout;
• Cottidae: prickly sculpin, mottled sculpin, torrent sculpin;

Spring Chinook, summer steelhead, and winter steelhead were
native to the Klickitat River. Tule fall Chinook and coho salmon
were not indigenous to the basin. They were introduced in the late
1940s and 1950s in conjunction with the construction of Lyle Falls
fish ladder and Klickitat hatchery. Hatchery raised upriver bright
fall Chinook are also stocked in the Klickitat.
All salmon stocks in the Klickitat have been supplemented or
sustained by releases from Klickitat hatchery. Hatchery production currently dominates natural production for Chinook and coho
salmon. About 4 million upriver bright fall Chinook and 3.85 million coho are produced annually for stocking in the Klickitat Basin.
The Klickitat River historically supported natural spawning populations of Chinook salmon and a Yakama Indian fishery at Lyle Falls before 1920 (Bryant 1949; Fulton 1968). Prior to 1952, passage of fish above
Lyle Falls was difficult. Construction of the fishway and hatchery in
1952 improved spring Chinook runs into the Klickitat (Fulton 1968). In
the early 1950s about 1,000–5,000 spring Chinook, composed of hatch-
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Figure 5.58

Klickitat River Sub-basin. Geographic information system data courtesy of Washington Department of Ecology.
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(A) Rafting the Klickitat River through a rapids
near an outcropping of columnar basalt. (B)
Rafting the Klickitat River at a point where a tributary joins it as a waterfall. Photos courtesy of Wet
Planet Whitewater, © 2006 all rights reserved. (C)
Lyle Falls. Photo courtesy of Casey Currey-Wilson,
© 2008 all rights reserved.
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ery and wild stocks, returned annually to the Klickitat Basin (YIN et al.
2004). From 1977–2003 an average (range) of 1,940 (533–5,254) spring
Chinook, composed of 522 (62–1,997) wild fish and 1,418 (340–4,807)
hatchery fish, returned to the Klickitat River annually (YIN et al. 2004).
An average (range) of 153 (0–504) wild fish and 408 (0–1,325) hatchery
fish were harvested annually by the Indian fishery, and 60 (0–350) wild
fish and 155 (0–760) hatchery fish were harvested annually by sport anglers (YIN et al. 2004). Escapement (fish that survived to either spawn
naturally or return to the hatchery) averaged (ranged) 309 (63–1,142)
wild fish and 1,164 (132–3,471) hatchery fish between 1977–2003 (YIN et
al. 2004). Estimated spring Chinook run size, sport and tribal harvest,
and escapement from 1977–2009 is recorded in Table 5.52.
Spring Chinook spawn in the Klickitat mainstem between RKM 51.2
and 134.4, with 97% occurring between Klickitat Hatchery (RKM 68)
and Castile Falls (RKM 102.4). Spring Chinook redd counts in the
Klickitat River have totaled 2,499 and averaged (ranged) 132 (39–389)
annually between 1989–2007 (Zendt and Babcock 2009). The highest
redd counts were made in 2000, 2002, 2003, and 2004 when Klickitat
Hatchery transported surplus hatchery spring Chinook above Castile
Falls and allowed them to spawn naturally there. After fish passage
at Castile Falls was completed in 2005, progeny from these fish likely
returned above Castile Falls and began reproducing naturally. In 2005,
five redds, in 2006 six redds, and in 2007 35 redds were counted above
Castile Falls, compared to 0–2 redds counted above the falls from
1989–2004 (Zendt and Babcock 2009).
Fall Chinook salmon spawn naturally in the Klickitat mainstem, predominately between Lyle Falls (RKM 3.5) and Klickitat
Hatchery (RKM 68). In 2007, 252 fall Chinook redds were counted
in this reach and one was observed below Lyle Falls (Zendt and
Babcock 2009). From 2002–2008 the number of fall Chinook
redds observed in the Klickitat Basin totaled 3,500, averaged 500,
and ranged from 119–1,225 per year (Sampson and Evansen 2003;
Evensen et al. 2004; Zendt and Evensen 2005; Zendt 2006; Zendt
and Babcock 2007, 2009, 2010).
Fall Chinook salmon captured at the Lyle Falls fishway in 2001 were
surgically implanted with electromyogram (EMG) radio transmitters
(Dauble and Geist 2002). These fish were released either below the first
falls (RKM 1.8) (n = 35) or above Lyle Falls (RKM 9.3) (n = 6). The EMG
transmitter telemetered information about swim speed and how much
aerobic and anaerobic energy was used to traverse Lyle Falls, or in the
river above Lyle Falls. Of the 35 fish released near Lyle Falls, only seven
(20%) traveled upstream past two of the five falls in the Lyle Falls complex, and none ascended above Lyle Falls. Those fishes that passed the
first two waterfalls swam at speeds that averaged 174 cm s-¹ and 189 cm s-¹
to respectively pass the first and second falls, whereas those that did
not pass them swam at speeds of 153 cm s-¹ and 136 cm s-¹ respectively.
The mean swimming speed of fish transplanted above Lyle Falls was
99 cm s-¹. These fish travelled to spawning grounds 37.6 km above Lyle
Falls in 15.9 days at a total energy cost of 3,971 kcal, with 19.0 (66%)
through aerobic pathways and (34%) through anaerobic pathways
(Dauble and Geist 2002). Bioenergetics modeling indicated that a fall
Chinook would expend 1,209 kcal of energy to migrate from the mouth
of the Columbia River to Bonneville Dam, 874 kcal to pass Bonneville
Dam, enter the Klickitat River and pass above Lyle Falls, and 2,770 kcals
in the Klickitat River above Lyle Falls to reach their spawning grounds,
leaving them with just 1,089 kcals (18%) of their total energy reserves for
spawning. Assuming that these fish expend energy at a rate of 100 kcal/
day, a delay of 9–11 days in passing Lyle Falls may deplete their remaining energy reserves, resulting in death before spawning.

Coho salmon spawn mainly below Lyle Falls where 145 redds were
counted in 2007 (Zendt and Babcock 2009). Also, 20 coho redds
were counted in the reach between Lyle Falls and Klickitat Hatchery
and 25 were counted in two tributaries (Snyder Creek and Canyon
Creek). Canyon Creek is a tributary that joins the Little Klickitat
River. From 2002–2008, the number of coho redds observed in the
Klickitat River totaled 1,395, averaged 199, and ranged from 0–555
per year (Sampson and Evensen 2003; Evensen et al. 2004; Zendt and
Evensen 2005; Zendt 2006; Zendt and Babcock 2007, 2009, 2010).
Steelhead runs in the Klickitat River averaged (ranged) 2,375
(1,062–8,598) annually from 1987–2002 (YIN et al. 2004). These numbers represent all types of steelhead (summer and winter, hatchery and
wild) combined. On average, about 27% of the steelhead migrating into
the Klickitat river are wild and 73% are hatchery (US -v- Oregon run
reconstruction). Tribal harvest averaged (ranged) 872 (179–6,008) and
sport harvest by anglers averaged (ranged) 1,225 (603–3,713) per year
during those years (YIN et al. 2004). Escapement averaged (ranged)
277 (60–1,100) per year. The number of steelhead redds observed in
the Klickitat and its tributaries averaged (ranged) 94 (24–261) in years
between 1987–2003 when counts could be made (YIN et al. 2004).
Steelhead spawn throughout the Klickitat mainstem to Castile Falls.
Steelhead redd counts in the Klickitat River and its tributaries totaled 1,057, averaged 151, and ranged from 10–290 from 2002–2008
(Sampson and Evensen 2003, Evensen et al. 2004, Zendt and Evensen
2005; Zendt 2006; Zendt and Babcock 2007, 2009, 2010). In 2007, 27
steelhead redds were counted in the Klickitat mainstem and 40 in
tributaries (Zendt and Babcock 2009). Tributaries that harbored steelhead spawners included Snyder Creek, Swale Creek, Little Klickitat
River and one of its tributaries (Bowman Creek), Dead Canyon Creek,
Summit Creek, White Creek and two of its tributaries (Bruin and
Teepee creeks), and Wheeler Creek (Zendt and Babcock 2009).
Historically, the Klickitat harbored anadromous, fluvial and
resident forms of bull trout. Small numbers of bull trout (individual fish are noteworthy) have been captured in the mainstem
between the mouth and Castile Falls (RM 64.0) and in the Little
Klickitat River (Trappers Creek), and West Fork Klickitat River
(Byrne et al. 2001; Thiesfield et al. 2002).
Small numbers of cutthroat trout were observed in McCreedy
and Summit Creeks during the 1980s. However, none were observed when the creeks were resurveyed in the late 1990s (Byrne et
al. 2001; Thiesfield et al. 2002).
Brook trout were introduced into the Klickitat basin in the late
1970s and early 1980s. They established natural spawning populations in the upper Klickitat mainstem, and most of its tributaries
above the confluence of Big Muddy Creek (RKM 86.1 or RM 53.8).
Pacific lamprey occur in the Klickitat Basin. Ammocoetes larvae
and macropthalmia life stages have been collected in screw traps that
were set to capture downstream migrating salmonid fishes and adult
Pacific lamprey were observed at RKM 91.2 (RM 57) (YIN et al. 2004).

ROCK CREEK SUB-BASIN
(KLICKITAT COUNTY)
The Rock Creek Sub-basin comprises an area of 578.1 sq km
(223.2 sq mi) in Klickitat County, Washington. Rock Creek originates at an elevation of 1,439 (4,271 ft) above MSL on Lone Pine
Butte at Bickleton Ridge in the Simcoe Mountains. It flows about
24 km (15 mi) to the south and joins the Columbia River at RKM
368 (RM 230) in John Day Reservoir (Lake Umatilla) at an eleva-
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Table 5.52

Estimated adult returns, sport and tribal harvest, and hatchery and adult escapement of spring Chinook salmon returning
to the Klickitat River 1977–2009. (Data from Bosch and Zendt 2006; Zendt and Bosch 2007. 2008, 2009).
Adult Harvest in Klickitat River

Year

Sport

Tribal

Total

Harvest %

Hatchery

Natural

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

533
1,528
851
1,685
2,528
3,238
2,417
1,323
848
1,112
1,682
3,929
5,251
2,583
1,477
1,540
3,702
958
696
1,156
1,861
702
728
2,708
1,126
2,549
3,966
2,994
1,428
1,603
1,078
1,115
1,517

9
266
89
6
152
432
283
327
181
24
160
248
831
356
139
123
283
51
0
143
270
14
76
395
124
373
757
555
403
226
73
121
300

86
640
0
61
422
1,343
1,462
427
535
461
347
1,105
952
1,429
563
1,200
464
182
140
165
167
135
75
1,051
340
414
983
571
406
455
264
472
123

95
906
89
67
574
1,775
1,745
754
716
485
507
1,353
1,783
1,785
702
1,323
747
233
140
308
437
149
151
1,446
464
787
1,740
1,126
809
681
337
593
423

17.8%
59.3%
10.5%
4.0%
22.7%
54.8%
72.2%
57.0%
84.4%
43.6%
30.1%
34.4%
34.0%
69.1%
47.5%
85.9%
20.2%
24.3%
20.1%
26.6%
23.5%
21.2%
20.7%
53.4%
41.2%
30.9%
43.9%
37.6%
56.7%
42.5%
31.3%
53.2%
27.9%

312
472
692
1555
1709
1350
609
467
53
485
863
1468
3176
574
534
635
1789
629
484
574
829
313
458
746
350
864
1084
1051
494
680
445
331
930

126
150
70
63
246
113
63
102
79
142
312
1108
295
224
241
318
430
96
72
274
595
240
119
516
312
898
1142
817
125
242
296
191
164

62,412
1,891

7,790
236

39.5%

27,005
818

10,181
309

Total
Average

17,440 25,230
528
765

tion of 81.1 m (266 ft) above MSL. It flows through a basalt plateau
in steep walled canyons where the substrate of the river bed is characterized by cobble and boulders that are unsuitable for spawning
by salmonid fishes (Berg et al. 2001). Gradients are steep and current velocity is swift. Below the canyon reaches Rock Creek and its
tributaries enter alluvial valleys with more gravel in the riverbed
suitable for spawning by salmonids (Berg et al. 2001). Gradients
are not as steep and current velocities are not as swift. A map and
photograph of the Rock Creek Sub-basin are shown respectively in
Figure 5.60 and Figure 5.61.
Rock Creek headwaters are surrounded by coniferous forest. Below the canyon reaches uplands are dominated by shrubstepp and grassland vegetation and riparian corridors are characterized by a mixture of deciduous and coniferous vegetation.
Deciduous vegetation is composed of an overstory of primarily
white alder Alanu rhombifola, white oak Quercus garryana, and
356

Escapement to Spawn

Estimated
Adult Return

black cottonwood Populus trichocarpa, and an understory of
various shrubs and grasses.
Discharge measurements were made at a United States
Geological Survey gage near the mouth at Roosevelt, Washington
(gage # 14036600) over a period of record for water years (WY = 1
October to 30 September) 1963–1968. Mean (minimum–maximum) discharge (stream flow) over the period of record was
45.8 (0–4,800) cfs. The average (minimum–maximum) mean
annual discharge over the period of record was 45.8 (25–113) cfs.
In a typical water year stream flow ranged from 0 cfs throughout most of August and September to a peak of about 140 cfs
in January and February. The gage station was dry an average
(range) of 77 (40–109) days per year. Flows in the Rock Creek
drainage are flashy i.e., they rise and fall rapidly in response to
precipitation and runoff. The natural flashiness was intensified
by road construction in the headwater reaches and degradation
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A

Figure 5.61

A) Rock Creek, Klickitat County, Washington. Photo Courtesy of Madge Bloom, © 2010 all rights reserved. (B) Rock
Creek. Photo courtesy of Janeece Smith, © 2010 all rights reserved.
Major tributaries of Rock Creek include Squaw Creek (and its
tributaries Harrison and Glass Canyon creeks), Luna Gulch Creek,
Badger Gulch Creek, and Box Canyon and Quartz creeks.
Fish species in the Rock Creek Sub-basin were reported by Berg
et al. (2001), Northwest Power and Conservation Council (Klickitat
County and Yakama Nation) (2004), Flynn and Germiat (2004),
BLM (1985, 1986), Novotny et al. (1985a, 1985b, 1986), Beeman and
Novotny (1990), Lautz (2000), and Glass (2009). Three families
and 7 species have been recorded in the basin, including:

B

• Petromyzontidae: Pacific lamprey;
• Cyprinidae: longnose dace, speckled dace, and redside shiner; and
• Salmonidae: coho salmon, steelhead / rainbow trout, and
Chinook salmon.

of riparian cover and wetlands in the lower reaches (Berg et al.
2001). Loss of riparian cover, channel widening due to livestock
grazing, and two recent forest fires (in 1998 and 2007 which collectively burned 30,140 acres) has promoted the natural flashiness
of the stream (Glass 2009).
Low summer flows and high summer water temperatures may
limit production of salmonids. Summer water temperatures are
higher than 63.5°F, which is the WDOE promulgated standard for
streams containing salmonids. However, there are numerous areas, particularly in the canyons, where cold springs or upwelling
groundwater seeps into the river. These areas provide thermal refuge for salmonids during the warm summer months.
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Berg et al. (2001) noted that suckers (Catostomidae), sculpin
(Cottidae), and other non-game species had been observed in Rock
Creek but provided no details. Pacific Lamprey were observed in
the Rock Creek Sub-basin (Berg et al. 2001; NPPC 2004). Coho
salmon are thought to be stray hatchery fish that are naturally reproducing in Rock Creek (Berg et al. 2001). Rock Creek steelhead
are thought to be of native origin and are sustaining themselves
by natural reproduction. They are genetically distinctive and have
been listed as threatened under the Federal Endangered Species
Act. Steelhead are distributed in Rock Creek to a point 0.4 km
(0.25 mi) above the confluence with Quartz Creek (BLM 1985,
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1986). They were also found in Squaw Creek up to its confluence
with Harrison Creek and in lower Quartz Creek (BLM 1985, 1986).
The Yakama Nation conducted steelhead spawner surveys in
Rock Creek in 2000, 2003, and 2004. The greatest density of redds
was observed in the lower five miles, where densities of 34–45
redds per mile were observed (Flynn and Germiat 2004).
Resident rainbow trout were distributed in upper Rock Creek,
and in Squaw, Box Canyon, and Quartz creeks. Glass (2009) conducted steelhead / rainbow spawning surveys in Rock Creek from
the mouth to Bickleton Bridge on 12–13 May, 2002. A total of 20
redds were identified and 6 additional redds could not be confirmed.
Fall Chinook salmon found in the Rock Creek Sub-basin are
believed to be stray upriver brights that belong to either the wild
Hanford Reach stock or the Bonneville Pool Hatchery stock (that
was established from Hanford Reach upriver bright wild stock)
(Berg et al. 2001). Natural spawning occurs in Rock Creek as far
upstream as the confluence with Luna Gulch Creek and juveniles
rear in the lower portions of Rock Creek, especially in the lower
segment closest to the Columbia River (Berg et al. 2001).
From 1984–1986 the National Marine Fisheries Service raised
juvenile upriver bright fall Chinook obtained from Spring Creek
National Fish Hatchery, for one to two months in net pens set at the
mouth of Rock Creek in an attempt to imprint them to Rock Creek
water and improve their return to Rock Creek (Novotny et al. 1985a,
1985b, 1986). Adult returns were reported by Beeman and Novotny
(1990). In 1984, 56,748 juvenile were released from the net pen and
in subsequent years 424 sexually mature adults (0.7% of those released) returned. In 1985, 232,962 juvenile were released from the
net pens and 1,570 sexually mature adults (0.7% of those released)
returned. In 1986, 620,204 juveniles were released. Adult returns
from the 1986 release were unavailable because at the time of the final report not all of the adults had returned from the Pacific Ocean.
In the summer of 2008, snorkel surveys were conducted in 10
reaches of Rock Creek, 5 reaches of Squaw Creek, and 2 reaches of Luna
Gulch Creek (Glass 2009). A total of 8,694 fish were observed comprised of 0.3% longnose dace (n = 30), 41.5% speckled dace (n = 3,607),
5.2% unidentified dace (n = 455), < 0.1% coho salmon (n = 2), 46.2%
steelhead / rainbow trout (n = 4,016), and < 0.1% unidentified fish
(n = 1) (Glass 2009). Of the 4,016 steelhead / rainbow trout recorded
78.4% (n = 3,149) were observed in the Rock Creek mainstem, 5.0%
(n = 201) were observed in Luna Gulch Creek, and 16.6% (n = 666)
were observed in Squaw Creek. Of the 3,149 steelhead / rainbow observed in the Rock Creek mainstem 2,956 (93.8%) were < 100 mm TL,
176 (5.6%) were 100–200 mm TL, and 17 (0.5%) were 200–300 mm TL.
Of the 666 steelhead / rainbow observed in Squaw Creek 573 (86.0%)
were < 100 mm TL, 84 (12.6%) were 100–200 mm TL, , and 9 (1.4%)
were 200–300 mm TL. Of the 201 steelhead / rainbow trout observed
in Luna Gulch Creek, 181 (90.0%) were < 100 mm TL, 15 (9.5%) were
100–200 mm TL, and 5 (2.5%) were 200–300 mm TL.

WALLA WALLA / TOUCHET
RIVERS SUB-BASIN
The Walla Walla River is 98 km (61 miles) long between its source in the
Blue Mountains of northeastern Oregon [elevation 2,549 m (600 ft)
above MSL] and its confluence with the Columbia River in McNary
Reservoir [elevation 103.6 m (340 ft) above MSL] in Walla Walla
County, Washington. Its drainage basin is 4,553 km²(1,758 sq mi). The
river originates as North and South Forks, which join east of Milton-

Freewater, Oregon. The average (range) in monthly discharge of the
Walla Walla River, measured at a USGS gauge on the mainstem at
Touchet, Washington [RKM 28.8 (RM 18)] over a 47 year period of
record (1951–1998) was 580 (18–1,303) cfs. The average (range) of
monthly discharge of the North and South forks of the Walla Walla
River measured at USGS gauges near their confluences, over a 38 year
period of record (1930–1968) and 83 year period of record (1907–
1990) respectively, was 47 (4–119) cfs and 177 (107–305) cfs respectively. A map and photographs of the Walla Walla / Touchet Sub-basin
are shown respectively in Figures 5.62 and 3.63.
The principal tributary of the Walla Walla is the Touchet River,
which originates in Columbia County and joins the Walla Walla
River on the right bank at RKM 33.6 (RM 21) near the town of
Touchet in Walla Walla County. The average (range) of monthly
discharge of the Touchet River measured at a USGS gauge near the
mouth of the river during a 14 year period of record (1941–1954)
was 250 (20–577) cfs. Tributaries of the Touchet River include the
North, South, Wolf, Robinson, and Burnt Forks of the Touchet
River, and Coates, Coppei, Hatley Gulch, Patit, Whetstone, Jim,
Lewis, Hollow, and Winnett Canyon creeks.
Another important tributary of the Walla Walla River is Mill Creek,
which originates in the Blue mountains, Columbia County, and follows a westerly course to join the Walla Walla River on the right bank
at RKM 52.8 (RM 33) near the city of Walla Walla. Bennington Lake is
a reservoir on Mill Creek located upstream from Walla Walla, which
provides the water supply for the city of Walla Walla. Blue Creek is a
tributary of Mill Creek that enters above Bennington Lake. Other tributaries of the Walla Walla River include Pine, Dry, Yellowhawk, and
Couse creeks, which join the Walla Walla River respectively on the
left bank at RKM 41.6 (RM 26), on the right bank at RKM 53.2 (RM 27),
on the right bank at RKM 60.8 (RM 38.0), and on the left bank at RKM
73.6 (RM 46). Mud Creek is a tributary of Dry Creek. Burnt Cabin and
Reser creeks are tributaries of the South Fork Walla Walla River.
Both the Walla Walla and Touchet Rivers have undergone extensive habitat modifications since the late 1800s. Dense riparian
vegetation that once covered their banks was cut and the courses
of the rivers were straightened by channelization to improve agriculture. For example, a stretch of the Walla Walla River that once
flowed in a sinuous course over a distance over a distance of 6.1 km
near Lowden, Washington was straightened and shortened to just
3.4 km (Contor et al. 2003). Both rivers were also heavily impacted
by irrigation diversions. Most of the irrigation diversions were not
screened, so many downstream migrating smolts were diverted from
river channels into agricultural fields. Nielson (1950) reported that
123 or 130 irrigation diversions examined in the Walla Walla Basin
were unscreened and “Numerous historical journals report[ed] ‘sacks
of smolts’ being collected from…cropland fields in the spring outmigration months” (Contor et al. 2003). Water rights for irrigation were over
appropriated which left insufficient discharge for either upstream or
downstream passage of anadromous fish. Removal of riparian cover,
channelization and irrigation withdrawals has also raised the summer temperature in the lower Walla Walla and Touchet rivers above
20°C (68°F) for most of the summer months. This is above the preferred temperature for most species of salmonids.
From 1895–1904, the United States Fish Commission / United
States Bureau of Fisheries stocked a total of 2,000 brook trout
(1,000 each in 1900 and 1901) and 5,000 Yellowstone cutthroat
trout into the Touchet River in the Town of Dayton, Columbia
County (Kershaw 1904).
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Figure 5.63

(A) The Walla Walla River near its confluence with the Columbia. (B) Touchet River. Photos courtesy of Williamborg,
Wikipedia Commons, US-PD.
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Between 1907–1922, Washington Department of Fish and Game
(WDFG) stocked at least 740,351 cutthroat trout, 547,358 rainbow trout,
480,100 steelhead trout, 502,685 kokanee salmon, and 576,584 brook
trout into the tributaries of the Walla Walla River, exclusive of the
Touchet River, in Walla Walla County (Riseland 1909, 1911; Darwin
1916, 1917, 1920, 1921; Dibble and Kinney 1923). During the same interval, WDFW also stocked 40,000 Yellowstone cutthroat trout, 394,120
cutthroat trout, 400,065 rainbow trout, 593,065 kokanee salmon, and
735,000 brook trout into the mainstem and tributaries of the Touchet
River in Columbia and Walla Walla counties (Riseland 1909, 1911;
Darwin 1916, 1917, 1920, 1921; Dibble and Kinney 1923).
In 1946, 1950, 1954–1957, 1962–1980, and 1982–1993, the Oregon
Department of Fish and wildlife stocked approximately 1,000–
13,300 rainbow trout per year into the upper segment of the Walla
Walla River in Oregon (Contor et al. 2003). ODFW also stocked
between 1,000–6,600 rainbow trout per yard into the North Fork
of the Walla Walla River (in 1945, 1947, 1951–1953, 1955–1958, and
1962) and between 1,000–12,800 rainbow trout per year into the
South Fork of the Walla Walla River (in 1945–1949, 1951–1964, 1968,
and 1969) (Contor et al. 2003).
The Washington Department of Fish and Wildlife also stocked
at least 3,174,432 rainbow / steelhead trout into tributaries of the
Walla Walla River, Walla Walla County, and at least 2,863,008
rainbow / steelhead trout into the mainstem and tributaries of
the Touchet River, Columbia and Walla Walla counties, between
1933–2007 (WDFW Fish stocking data base 2008). Washington
Department of Fish and Wildlife (WDFW) has also stocked brook
trout (159,078 into Columbia County streams and 34,037 into Walla
Walla County Streams), cutthroat trout (1,020 into Walla Walla
County streams). Additionally, WDFW stocked 39,671 brown trout
into the Touchet River in Walla Walla County (in 1954, 1966, 1967,
1969, and 1972) and 161,323 brown trout into the Touchet River in
Columbia County (in 1965, 1972, 1973, 1975–1978, 1980, 1981, 1983–
1990, and 1992–1994) (WDFW fish stocking data base, 2008).
Since 1983, summer steelhead raised at Lyons Ferry hatchery
have been stocked in the Walla Walla and Touchet Rivers. The Lyons
Ferry stock originated from the Columbia River above Wells Dam
that were interbred with Snake River summer steelhead. In 2001,
WDFW began to stock steelhead that were endemic to the Touchet
River. From 1989–2007, the average number (range) of Lyons Ferry
steelhead stocked annually was 146,932 (75,210–228,699) into the
Walla Walla River and 145,341 (95,517–446,355) into the Touchet
River (Contor et al. 2003). From 2001–2003 an additional average
(range) of 40,633 (36,487–45,504) Touchet River endemic steelhead
were stocked in the Touchet River (Contor et al. 2003).
Adult spring Chinook salmon were outplanted into the upper
mainstem and South Forks of the Walla Walla River from 2000–
2008 [n = 3,410 total; average (range) = 397 (17–1,092) per year]
(Mahoney et al. 2009). Adult spring Chinook salmon were outplanted into Mill Creek from 2000–2002, and 2007–2008 [n = 502
total; average (range) = 100 (50–150) per year] (Mahoney et al. 2009).
It was hoped that adult fish would spawn naturally in the streams.
Fishes have been sampled in the Walla Walla Basin by several
investigators (Agassiz 1855; Bean 1883; Gilbert and Evermann 1895;
Schultz and DeLacy 1935 / 1936; Bryant and Parkhurst 1950; Nielson
1950; Fulton 1968, 1970; Michaelis 1972; Jackson 1975; Knecht 1976;
Pearman 1977; Martin et al. 1992; Underwood et al 1996; Mongillo
and Hallock 1998; Mendel et al. 1999, 2000, 2001, 2002, 2003, 2004a,
2005, 2006, 2007; Phillips and Divens 2001; Contor et al. 2003;
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Walla Walla Watershed Planning Unit 2004; Zimmerman and
Duke 2004; Schwartz et al. 2005; Mahoney et al. 2006, 2008, 2009).
Michaelis (1972) sampled 65 sites throughout the Touchet River and
its tributaries. Jackson (1975) sampled 18 sites in the middle and upper
Walla Walla mainstem. Knecht (1976) sampled 15 sites in Mill Creek.
Pearman (1977) sampled nine sites in the lower Walla Walla mainstem.
Mendel et al. (1999, 2000, 2001, 2002, 2003, 2004a, 2005, 2006, 2007)
sampled 121 sites in the Walla Walla River (n = 13) and its tributary
streams: Alyword Creek (n = 10), Big Springs Branch (n = 3), Blue Creek
(n = 3), Caldwell Creek (n = 2), Cottonwood Creek (n = 6), Doan Creek
(n = 2), Dry Creek (n = 15), Dry Creek (n = 15), Dry Creek (North Fork)
(n = 6), East Little Walla Walla River (n = 6), Garrison Creek (n = 20),
Mill Creek (n = 34), Mud Creek (n = 3), Titus Creek (n = 7), West Little
Walla Walla River (n = 2), and Yellowhawk Creek (n = 7).
Mendel et al. (1999, 2000, 2001, 2002, 2003, 2004a, 2005, 2006,
2007) also sampled 186 sites in the Touchet River Basin in the
Touchet mainstem (n = 47) and its tributary streams: Coates Creek
(n = 6), Coppei Creek (South Fork) (n = 5), Green Fly Creek (n = 2),
Green Fork (n = 6), Hatley Gulch Creek (n = 3), Jim Creek (n = 3),
Lewis Creek (n = 12), Patit Creek (South Fork) (n = 1), Spangler
Creek (n = 6), Spoonamore Creek (n = 1), Tate Creek (n = 5),
Touchet River (Burnt Fork) (n = 3), Touchet River (North Fork)
(n = 18), Touchet River (Robinson Fork) (n = 17), Touchet River
(South Fork) (n = 18), Touchet River (Wolf Fork) (n = 13), Whiskey
Creek (n = 8), and Whitney Creek (n = 1).
Contor et al. (2003) sampled sites in Mill Creek (n = 22), Tiger
Creek (n = 2), Blue Creek (n = 2), South Fork Touchet River (n = 11),
Griffin Creek (n = 16), Walla Walla River between RM 27–48
(n = 18), South Fork Walla Walla River (n = 11), North Fork Walla
Walla River (n = 9), Elbow Creek (n = 2), Big Spring Creek (n = 1),
Little Walla Walla River (East Branch) (n = 2), Birch Creek (n = 1),
Couse Creek (n = 11), Dry Creek (n = 3), and Pine Creek (n = 9) by
conducting backpack electrofishing and snorkeling surveys.
Schwartz et al. (2003) reported on species of fish captured in a
rotary screw trap at RKM 85 (RM 53) on the Walla Walla mainstem.
Mahoney et al. (2006, 2008, 2009) monitored fish captured at five
rotary screw taps and irrigation diversion dams on the Walla Walla
mainstem, Mill Creek, and Touchet River. They also captured fish
using Merwin traps, gill nets, and adult traps on the Walla Walla
mainstem at RKM 71.9, in Mill Creek and on the Touchet River, in
Dayton, Washington from 1990–2002. They estimated the number of
steelhead redds in the Walla Walla River, Touchet River, Mill Creek,
and Couse Creek from 2001–2010 and in the Touchet River mainstem and tributaries from 1999–2008. They estimated the number
of spring Chinook salmon redds in the upper mainstem and South
Fork of the Walla Walla River and Mill Creek from 200–2008 and in
the North Fork and West Fork of the Touchet River from 1994–2008.
Additionally, they conducted fish salvage operations at several irrigation diversion dams between 2001–2008. Phillips and Divens (2001)
conducted a warm water fish survey in Bennington Lake in 1999.
Collectively these investigators have reported that 40 fish species, representing 10 families, occur in the Walla Walla Sub-basin,
including:
• Petromyzontidae: Pacific lamprey, western brook lamprey;
• Cyprinidae: chiselmouth, carp, grass carp, lake chub, northern pikeminnow, peamouth, longnose dace, speckled dace,
leopard dace, Umatilla dace, redside shiner;
• Catostomidae: bridgelip sucker, largescale sucker;
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• Ictaluridae: yellow bullhead, brown bullhead, channel catfish,
white catfish, tadpole madtom;
• Salmonidae: mountain whitefish, redband steelhead trout,
resident redband rainbow trout, Chinook salmon (spring
and fall runs), bull trout, brown trout;
• Poeciliidae: western mosquitofish;
• Gasterosteidae: three-spine stickleback;
• Cottidae: mottled sculpin, margined sculpin, torrent sculpin;
• Centrarchidae: pumpkinseed, bluegill, warmouth, smallmouth
bass, largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch.

Yellowstone cutthroat trout, westslope cutthroat trout, and
brook trout stocked into the Walla Walla drainage apparently
failed to establish natural spawning populations and gradually disappeared from the Walla Walla Basin. Swindell (1942) reported that
fall Chinook salmon, chum, coho, and sockeye salmon occurred
in the Walla Walla River, but I have found no independent confirmation that any of the species were historically present. None
of these species were reported to occupy the Walla Walla Basin
by Nielson (1950) or Fulton (1968, 1970). The sockeye reported by
Swindell (1942) were most likely kokanee planted by WDFW between 1907–1922.
Spring Chinook salmon formerly spawned in the upper and
middle Walla Walla mainstem and throughout the Touchet River
and many of their tributaries, but by 1968 only remnant populations
still remained (Fulton 1968). Steelhead trout formerly spawned in
the upper Walla Walla mainstem and throughout Touchet River and
their tributaries but by 1970 their numbers had been considerably
reduced (Nielson 1950; Fulton 1970). Bull trout were also present
throughout the Walla Walla Basin (Martin et al. 1992; Underwood
et al. 1996). Irrigation diversion dams diverted so much water out
of the Walla Walla and Touchet drainages that insufficient flows
remained in these rivers to stimulate salmon migration. Also, the
reduced flows resulted in increased temperatures in these rivers to
above 20°C, which can be lethal to juvenile salmonids. As a result
Walla Walla River steelhead and bull trout were listed as Threatened
under the Federal Endangered Species Act.
In 2000, the USFWS negotiated a settlement agreement with
various irrigation districts in the Walla Walla Basin to leave minimum flows in the river and screen (improve passage) at irrigation
diversion dams. Flows have been improved in recent years but
stream temperatures have not (Mendel et al. 2005).
Construction of Nine Mile Dam at Reeve, Washington in 1905
virtually eliminated Chinook salmon in the Walla Walla Basin.
Steelhead and bull trout populations were also severely reduced.
At present, resident redband rainbow trout, steelhead trout, and
mountain whitefish occur throughout the basin in small to moderate numbers. Bull trout still occur in the south Fork Walla Walla
River, the various forks that form the headwaters of the Touchet
River, and Mill Creek in considerable numbers, but are absent or
in low abundance in the Walla Walla and Touchet mainstems and
other tributaries of these rivers.
Spring Chinook salmon have been reintroduced by hatchery outplanting. A few spring Chinook were caught in the Walla Walla Basin
from 2001–2005. Chinook salmon (n = 31) were caught in a trap on
the Touchet River, and 10 Chinook redds were observed in the mainstem, 5 in the North Fork and 34 in the Wolf Fork of the Touchet
River (Mendel et al. 2006). Adult spring Chinook from Ringold

Hatchery and the Umatilla River were released in the South Fork of
the Walla Walla River and Mill Creek from 2000–2002. A total of
259, 1,092, and 329 sexually mature spring Chinook were outplanted
in the South Fork Walla Walla River in 2000, 2001, and 2002 respectively (Contor et al. 2003). A total of 105, 150, and 50 sexually mature
spring Chinook were outplanted in Mill Creek in 2000, 2001, and
2002 respectively (Contor et al. 2003). The number of redds observed
and estimated egg deposition in the South Fork Walla Walla River
were 101 redds and 377,000 eggs in 2000, 339 redds and 1,400,000
eggs in 2001, and 145 redds and 554,000 eggs in 2002 (Contor et al.
2003). The number of redds observed and estimated egg deposition
in Mill Creek were 40 redds and 150,000 eggs in 2000, 53 redds and
220,000 eggs in 2001, and 23 redds and 88,000 eggs in 2002 (Contor
et al. 2003). Thus, outplanting adults in the South Fork and Mill
Creek from 2006 to 2008, apparently has succeeded in establishing
natural spawning populations at both locations.
The total number of spring Chinook redds observed in the upper mainstem and South Fork of the Walla Walla River was 101 in
2000, 339 in 2001, 145 in 2002, 120 in 2003, 225 in 2004, 78 in 2005,
223 in 2006, 270 in 2007, and 363 in 2008 (Mahoney et al. 2009).
The total number of spring Chinook redds observed in Mill Creek
was 40 in 2000, 52 in 2001, 23 in 2002, not surveyed in 2003, 62 in
2004, 18 in 2005, 12 in 2006, 39 in 2007, and 49 in 2008 (Mahoney
et al. 2009). The estimated adult spring Chinook spawning escapement in Mill Creek was 105 in 2000, 150 in 2001, 55 in 2002, not
estimated in 2003, 68 in 2004, 17 in 2005, 13 in 2006, 103 in 2007,
and 108 in 2008 (Mahoney et al. 2009).
The number of steelhead redds counted in the mainstem, North
and South Forks of Coppei Creek (Touchet River drainage) was 31 in
1999, 31 in 2000, 24 in 2003, 33 in 2004, 44 in 2005, 9 in 2006, 13 in
2007, and 34 in 2008) (Mendel et al. 2006, 2007; Mahoney et al. 2009).
The number of steelhead redds counted in Mill Creek (Walla Walla
River drainage) was 22 in 2001, 1 in 2002, 9 in 2003, 36 in 2004, 80 in
2005, and 43 in 2007 (Mendel et al. 2006, 2007; Mahoney et al. 2009).
Between 1987–2009, WDFW counted steelhead redds within
index reaches in the North, South, Wolf, and Robinson forks
of the Touchet River (Schuck et al. 1988, 1989, 1990, 1991, 1993a,
1993b, 1994, 1995, 1996, 1997, 1998; Martin et al. 2000; Bumgarner
et al. 2002, 2003, 2004; Bumgarner and Bedloff 2007; Mahoney et
al. 2009). Obtaining steelhead red counts is difficult because they
spawn in the spring at peak discharge when the water is often too
turbid to make accurate counts. With this caveat, Touchet Basin
totaled 7,061 redds during this 23-year interval. The number of
redds averaged 307 and ranged from 176–689 during the interval. Redd counts were expanded to estimate the total run size of
steelhead into streams. The number totaled 8,740 steelhead from
1987–2009, and averaged (ranged) 380 (217–847) steelhead per
year, comprised of 322 wild fish and 38 hatchery fish per year. The
majority of the hatchery fish were Lyons Ferry Hatchery Stock.
Between 1987–2009, the total number of redds counted was 2,172
in the North Fork, 2,393 in the South Fork, 1,637 in the Wolf Fork,
and 597 in the Robinson Fork of the Touchet River. The annual average (range) in counts was 94 (55–187) per year in the North Fork,
104 (39–260) in the South Fork, 71 (36–172) in the Wolf Fork and 26
(14–73) in the Robinson Fork (Mahoney et al. 2004). Additionally,
between 1987–2007, an average (range) of 11 (2–22) redds were
counted in the Touchet mainstem (Bumgarner and Dedloff 2007).
Between 1993–2001, run size of hatchery and wild steelhead annually averaged (ranged) 1,145 (301–1,969) and 507 (295–830) indi-
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viduals respectively. Of these, an average of 1,141 hatchery and 29
wild fish were harvested annually by sport anglers, and 4 hatchery
and 478 wild fish escaped to spawn annually in the Walla Walla
Basin. Sport anglers are allowed to keep adipose clipped hatchery
steelhead but must release wild steelhead that are distinguished by
having intact adipose fins.
Estimated steelhead adult returns to the Touchet River, based
on monitoring an upstream migration trap in Dayton, Washington
by WDFW are available from 1987–2008 (Mahoney et al. 2009).
During this 22-year interval, the total number of adult steelhead
captured in the trap was 8,395, comprised of 7,196 wild steelhead
and 1,199 hatchery steelhead. The number of wild steelhead averaged (ranged) 326 (181–737) per year. The number of hatchery
steelhead averaged (ranged) 54 (32–131) per year. The majority of
the hatchery fish were from Lyons Ferry hatchery that had been
stocked into the Touchet River as smolts.
The number of steelhead redds counted in the South Fork
Walla Walla River was 35 in 1992, 21 in 1993, 3 in 1999, 38 in 2001,
28 in 2002, 19 in 2003, 10 in 2004, 28 in 2005, incomplete survey in
2006, and 21 in 2007 (Contor et al. 2003; Mahoney et al. 2009). The
number of steelhead redds counted in the North Fork Walla Walla
River was 36 in 1994 (Contor et al. 2003). The number of steelhead
redds counted in Couse Creek was 2 in 1992, 21 in 1995, 0 in 2000,
49 in 2002, 18 in 2003, 93 in 2004, 17 in 2005, 8 in 2006, and 45 in
2007 (Contor et al. 2003; Mahoney et al. 2009). Additionally 102
steelhead redds were counted in the Upper Walla Walla mainstem
between the Burlingame irrigation diversion dam and the confluence of the North and South Forks in 2005 (Mahoney et al. 2009).
From 1998–2003 WDFW estimated the densities (# ⁄ 100 m²)
of age 0 and 1+ steelhead (< 200 mm FL) and resident rainbow
(> 200 mm FL) at several locations (sites) in the Walla Walla River
and its tributaries (Mendel et al. 1999, 2000, 2001, 2002, 2003, 2004).
The average number sampled < 200 mm FL was 6 in the Walla Walla
River (n = 30 sites), 15 in the Touchet mainstem (n = 35 sites), 27 in
the North Fork (n = 48 sites), 38 in the South Fork (n = 42 sites), 29
in the Wolf Fork (n = 39 sites), 38 in the Robinson Fork (n = 42 sites),
and 35 in the Burnt Fork (n = 10 sites). The average number sampled
< 200 mm FL was 35 in Coppei Creek mainstem (n = 12 sites), 48
in the North Fork Coppei Creek (n = 12 sites), 38 in the south Fork
Coppei Creek (n = 14 sites), 23 in Dry Creek (n = 10 sites), 29 in Mud
Creek (n = 6 sites), 15 in Mill Creek (n = 41 sites), 6 in Yellowhawk
Creek (n = 21 sites), and 91 in Cottonwood Creek (n = 9 sites). The
average number sampled that was greater than > 200 mm FL was
less than one at all locations, indicating that most of these fish were
anadromous steelhead rather than resident rainbow trout.
From 1992–2005 WDFW conducted electrofishing surveys to
estimate the abundance of age 0 and age 1 juvenile steelhead trout
that were present in the Touchet Basin. The average (range) was
49,500 (37,100–57,100) in the Touchet mainstem, 68,100 (14,700–
144,600) in the North Fork, 94,600 (19,200–79,589) in the South
Fork. 45,600 (9,400–79,200) in the Wolf Fork, and 10,700 (1,20–
18,600) in the Robinson Fork (Schuck et al. 1998; Martin et al.
2000; Bumgarner et al. 2002, 2003, 2004, 2006, 2007).
Outmigration of naturally produced wild steelhead (unmarked)
and Touchet River hatchery endemic steelhead was monitored by
a smolt trap at RKM 15.3 on the Walla Walla River from 2005–2008
(Mahoney et al. 2009). The number of naturally produced steelhead
(± 95% confidence intervals) was estimated at 52,958 (± 12,205) in
2005, 13,994 (± 3,974) in 2006, 14,684 (± 5,403) in 2007, and 47,894
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(± 4,771) in 2008 (Mahoney et al. 2009). The number of Touchet
Hatchery endemic steelhead (± 95% confidence intervals) was
estimated at 5,060 (± 2,999) in 2005, 1,095 (± 695) in 2006, 4,042
(± 36,118) in 2007, and 1,853 (± 1,714) in 2008 (Mahoney et al. 2009).
Relatively strong populations of bull trout still remain in the
headwaters of the Touchet River, Mill Creek, and the South Fork
Walla Walla River (Martin 1992; Martin et al. 1992; Underwood
et al. 1994; Underwood 1996; Contor et al. 2007; Mendel et al.
2007). Bull trout spawn in the late summer and early fall at low
discharge, so the water is clear and accurate counts of their redds
can be made. Bull trout redds have been counted in two tributaries
of the Touchet River (North Fork and Wolf Fork) and one tributary of the Walla Walla River (Mill Creek) since 1994 (Mendel et al.
2005, 2006, 2007). During the period 1997–2006, the number of
bull trout redds counted in these tributaries has averaged (ranged)
249 (139–352) annually (Mendel et al. 2007). The number of redds
counted was 275 in 1994, 192 in 1995, 193 in 1996, 152 in 1997, 227 in
1998, 327 in 1999, and 305 in 2000. The number of bull trout redds
peaked in 2001 with 352 redds counted. Since then, there has been
a steady decline with 334, 271, 253, 214 and 139 counted respectively
in 2002, 2003, 2004, 2005, and 2006 (Mendel et al. 2007).
Bull trout red counts were made in Mill Creek and its tributaries
from 1990–2008, except in 1993 when no count was made (Summarized
by Martin et al. 1992; Underwood et al. 1994; and Mahoney et al. 2009).
Counts from 1990–1992 were made by WDFW and Eastern Washington
University personnel. Counts during and after 1994 were made by
USFS and USFWS personnel. These counts included mainstem only
counts from 1990–1992, and counts on the mainstem and eight tributaries of Mill Creek (Broken, Bull, Burnt Fork, Deadman, Green, Low,
North Fork Mill, and Paradise creeks) from 1994–2007, and counts
made in tributaries during 2008. During this 18-year interval counts
totaled 2,367 redds, averaged 132 redds ⁄ year, and ranged from 47–222
redds ⁄ year (Mahoney et al. 2009). Total redd counts were 64 in 1990,
52 in 1991, 66 in 1992, 191 in 1994, 164 in 1995, 134 in 1996, 118 in 1997,
137 in 1998, 188 in 1999, 194 in 2000, 222 in 2001, 213 in 2002, 145 in
2003, 160 in 2004, 142 in 2005, 93 in 2006, 60 in 2007, and 43 in 2008.
In 2008, only one tributary (Low Creek) counts were included. Redd
counts in the mainstem and most tributaries were terminated by USFS
and USFWS in that year because of limited funding.
Contor et al. (2003) conducted electrofishing and snorkeling
surveys in the Walla Walla Basin from 1993–2002. At 18 sites in
the Walla Walla mainstem, they sampled 4 western brook lamprey,
185 chiselmouth, 21 carp, 119 northern pikeminnow, 5,175 unidentified dace, 1,806 redside shiners, 183 suckers, 6 mountain whitefish,
1,353 steelhead / rainbow trout, 284 Chinook salmon, 15 bull trout,
2 threespined sticklebacks, and 2,194 unidentified sculpins. At
8 sites in the North Fork Walla Walla River, they sampled 4 western
brook lamprey, 240 dace, 45 redside shiners, 725 steelhead / rainbow
trout, 81 Chinook salmon, 3 bull trout, and 395 sculpin. At 13 sites in
the South Fork Walla Walla River, they found 1 western brook lamprey, 4 dace, 75 redside shiners, 11 mountain whitefish, 1,523 steelhead / rainbow trout, 1,412 Chinook salmon, 74 bull trout, and
256 sculpins. At 2 sites sampled in the East Fork of the Little Walla
Walla River, they found 3 chiselmouth, 25 dace, 125 redside shiners, 43 suckers, 11 steelhead / rainbow trout, 4 Chinook salmon, and
110 sculpin. At 20 sites sampled in Mill Creek, they found 9 western
brook lamprey, 60 northern pikeminnow, 2,516 dace, 1,336 redside
shiners, 162 suckers, 3 bullheads, 7 mountain whitefish, 877 steelhead / rainbow trout, 454 Chinook salmon, 31 bull trout, and
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1,505 sculpins. At 4 sites sampled in Tiger Creek (tributary of Mill
Creek), they found 650 dace, 30 suckers, 173 steelhead / rainbow trout,
and 450 sculpins. At 14 sites sampled in the South Fork Touchet River,
they found 3,340 dace, 55 redside shiners, 1,554 steelhead / rainbow
trout, and 910 sculpins. At 16 sites sampled in Griffin Creek, they
found 611 steelhead / rainbow trout and 1 bull trout. At 1 site sampled
in Big Spring Creek, they found 15 dace, 30 redside shiners, 5 suckers, 15 steelhead / rainbow trout, and 80 sculpins. At 74 sites sampled
in Elbow Creek, they found 84 dace, 567 steelhead / rainbow trout,
1 bull trout, and 903 sculpins. At 10 sites sampled in Couse Creek,
they found 325 dace, 1 sucker, 989 steelhead / rainbow trout, 2 bull
trout, and 415 sculpins. At 3 sites sampled in Dry Creek, they found
450 dace, 150 suckers, 61 steelhead / rainbow trout, and 20 sculpins.
At 9 sites sampled in Pine Creek, they found 7,865 dace, 1,503 suckers,
236 steelhead / rainbow trout, and 2,070 sculpins.
Merwin traps and gill nets were used to fish the Walla Walla River
in 2004 and 2005 (Mahoney et al. 2006). These nets captured a total
of 19,209 fish, comprised of 29.4% chiselmouth (n = 5,648), 17.6%
carp (n = 3,386), 4.2% northern pikeminnow (n = 808), < 0.1% redside shiner (n = 7), 18.1% bridgelip and largescale sucker (n = 3,461),
0.2% brown bullhead (n = 53), 3.5% channel catfish (n = 676), 0.6%
tadpole madtom (n = 118), 6.6% steelhead / rainbow trout (n = 1,275),
3.2% spring Chinook salmon (n = 617), < 0.1% fall Chinook salmon
(n = 6), < 0.1% western mosquitofish (n = 2), < 0.1% sculpin (n = 3),
0.5% pumpkinseed (n = 88), 3.1% white crappie (n = 1,677), and 1.9%
yellow perch (n = 368) (Mahoney et al. 2006).
A total of 5,800 fish were captured in a rotary screw trap set at
RKM 85 (RM 53) of the Walla Walla mainstem from 30 December
2002 to 30 May 2003. The catch was comprised of: 4.9% chiselmouth
(n = 283), < 0.1% carp (n = 4), 0.9% northern pikeminnow (n = 54),
26.0% dace (n = 1,508), 8.8% redside shiner (n = 511), 4.2% suckers (n = 247), < 0.1% brown bullhead (n = 1), 15.9% steelhead trout
(n = 926), 9.8% hatchery steelhead / rainbow trout, 28.0% (n 1624),
Chinook salmon (n = 1,628), < 0.1% three-spine stickleback (n = 26),
and < 0.1% smallmouth bass (n = 21) (Schwartz et al. 2005).
A total of 487 fish were captured at a rotary screw trap in Mill
Creek between 30 December 2002 and 30 May 2003. The catch was
comprised of: 3.0% western brook lamprey (n = 15). 54.4% dace
(n = 265), 5.5% redside shiner (n = 27), 0.2% sucker (n = 1),
2.9% steelhead trout (n = 14), 15.6% Chinook salmon (n = 76), and
4.7% sculpin (n = 23) (Schwartz et al. 2005).
A total of 8,246 non-salmonid fishes were captured in a rotary
screw trap at RKM 15 on the Walla Walla river between 4 November
2004 and 16 June 2005. The catch was comprised of: 10 lamprey, 3,017
chiselmouth, 2 carp, 121 northern pikeminnow, 3 dace, 2,212 suckers,
224 channel catfish, 23 tadpole madtom, 1 western mosquitofish, 35
pumpkinseed, 5 bluegill, 2,581 smallmouth bass, and 2 yellow perch.
A total of 15,359 salmonid fishes and approximately 6,449 other
species were captured in rotary screw traps (4 in the Walla Walla
River at RKM 53, 75, 78, and 80 and 1 in Mill Creek at RKM 18) in
2004 and 2005 (Mahoney et al. 2006). The catch was comprised of
0.9% lamprey (n ≈ 205), 2.2% chiselmouth (n ≈ 480), < 0.1% northern pikeminnow (n ≈ 8), 16.2% dace (n = 3,547), 3.1% redside
shiner (n ≈ 690), 6.2% suckers (n ≈ 1,350), < 0.1% mountain whitefish (n = 2), 23.7% steelhead / rainbow trout (n = 5,162), 0.1% coho
salmon, (n = 21), 46.4% Chinook salmon (n = 10,126), 0.2% bull
trout (n = 48), 0.1% three-spined stickleback (n ≈ 30), 0.5% sculpin (n = 105), < 0.1% pumpkinseed (n ≈ 8), < 0.1% bass (n ≈ 8), and
< 0.1% yellow perch (n ≈ 8) (Mahoney et al. 2006).

Adult migration traps have been operated at RKM 71.9 on the Walla
Walla River (at Nursery Bridge Dam) from 1993–2008, at RKM 16.9 on
Mill Creek from 1993–2008, and at RKM 86.9 on the Touchet River (in
Dayton Washington from 1993–1995 and 1999–2008 (Mahoney et al.
2009). At the trap on the Walla Walla River a total of 7,767 steelhead
have been captured during the 16-year interval (1993–2008), average (range) 485 (231–1,205) per year. A total of 1,185 spring Chinook
salmon have been captured during the 9-year interval (2000–2008),
average (range) 132 (1–498) per year. A total of 434 bull trout were
also captured at the Walla Walla trap during the 9-year interval 2000–
2008, average (range) 48 (20–112) per year (Mahoney et al. 2009).
At the trap on Mill Creek, a total of 417 steelhead have been
captured during the 19-year interval (1990–2008): average (range)
22 (1–57) per year. A total of 109 spring Chinook have been captured during the 5-year interval (2004–2008): average (range)
22 (0–68) per year. A total of 52 bull trout were also captured at the
Mill Creek trap during the 5-year interval (2004–2008): average
(range) 10 (3–20) per year (Mahoney et al. 2009).
At the trap on the Touchet River, a total of 1,620 steelhead have
been captured during the 13-year interval 1993–1995 and 1999–2008:
average (range) 125 (10–216) per year. A total of 60 spring Chinook
have been captured during the 10-year interval (1999–2008): average (range) 6 (0–31) per year. A total of 398 bull trout were also captured at the Touchet River trap during the 10–year interval (1999–
2008): average (range) 40 (20–70) per year (Mahoney et al. 2009).
A total of 6,689 fish were captured in a smolt trap on the Touchet
River from October 2007 to June 2008. The catch was comprised
of 0.4% brook lamprey (n = 28), < 0.1% longnose dace (n = 5), 1.4%
speckled dace (n = 94), < 0.1% redside shiner (n = 3), 0.1% bridgelip
sucker (n = 9), 87.6% natural steelhead / rainbow trout (n = 5,860),
4.9% hatchery endemic steelhead (n = 332), 2.2% spring Chinook
salmon (n = 145), 1.4% bull trout (n = 91), 0.8% brown trout (n = 52),
and 1.0 % sculpin (n = 70) (Mahoney et al. 2009).
From 2000–2008, the Confederated Tribes of the Umatilla
Indian Reservation (CTUIR) salvaged a total of 21,042 fish at irrigation diversion dams on the Walla Walla mainstem, the Little
Walla Walla River, and Mill Creek and relocated them. These
fish were comprised of 2.1% brook lamprey (n = 431), 0.3% chiselmouth (n = 53), < 0.1% carp (n = 5), 2.0% northern pikeminnow
(n = 473), 4.6% unidentified dace (n = 441), 3.5% redside shiner
(n = 739), 35% suckers (n = 737), 0.4% mountain whitefish (n = 86),
71.7% steelhead / rainbow trout (n = 15,086), 4.9% Chinook salmon
(n = 1,040), 0.9% bull trout (n = 192), 1.1% three-spined stickleback
(n = 234), 4.7% sculpin (n = 989), < 0.1% pumpkinseed (n = 1), and
< 0.1% smallmouth bass (n = 7).
Washington Department of Fish and Wildlife (WDFW) salvaged
fish at the Touchet River Dam in Dayton, Washington in 2007 and
2008 (Mahoney et al. 2009). They salvaged a total of approximately
617 fish, comprised of 1.5% brook lamprey (n = 9), 16.7% speckled
dace (n = 100), 16.2% redside shiner (n = 100), 40.5% natural steelhead / rainbow trout (n = 250), 50 marked hatchery steelhead trout
(n = 3), 16.2% sculpin (n = 100), and 0.1% smallmouth bass (n = 1).
Bennington Lake has a surface area of 52 acres, shoreline length
of 1.9 mi, maximum depth of 4 m, mean depth of 3 m, volume of
870 acre feet, and a surface elevation of 410 m (1,252 ft) above MSL.
The lake is stocked annually by WDFW with about 20,000–25,000
hatchery rainbow trout and 2,000 triploid trout annually (Phillips
and Divens 2001). In 1999, WDFW sampled the lake using a combination of boat electrofishing (four sites), research gill nets (two
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sites), and fyke nets (two sites) (Phillips and Divens 2001). They
captured 638 total fish, comprised of 0.8% northern pikeminnow
(n = 8), 0.6% yellow bullhead (n = 4), 1.4% brown bullhead (n = 9),
0.6% rainbow trout (n = 4), 4.7% bluegill (n = 30), 12.5% largemouth
bass (n = 80), 15% black crappie (n = 96), and 64.3% yellow perch
(n = 410) (Phillips and Divens 2001).
Small numbers of mountain whitefish have been observed in the
Upper Touchet River between Dayton, Washington and Waitsburg,
Washington, in the North, South, and Wolf forks of the Touchet
River, in Mill Creek, tributary of the Walla Walla River (Mendel
et al. 1999, 2000, 2001, 2002, 2003, 2004a, 2005), and in the mainstem and South Fork of the Walla Walla River (Contor et al. 2003).
Washington Department of Fish and Wildlife (WDFW) stocked
brown trout (n = 200,954) in the Touchet River between 1954–1994
(Michaelis 1972; WDFW fish stocking database 2008). These fish
apparently migrated upstream and established natural spawning
populations in the North, South, and Wolf Forks of the Touchet
River. Most brown trout captured during recent surveys by Mendel
et al. (1999, 2000, 2001, 2002, 2003, 2004a, 2005) were collected in
one of these three tributaries of in the Upper Touchet mainstem between Waitsburg, Washington and Dayton, Washington. A number
of them have also been captured in a WDFW migration trap located
on the Touchet River mainstem at Dayton, Washington.
Peamouth were captured in the Walla Walla Basin by Bean (1883)
and Umatilla dace were collected in the Walla Walla Basin by Gilbert
and Evermann (1895) but none have been captured in any recent
survey (Michaelis 1972; Jackson 1975; Knecht 1976; Pearman 1977;
Mendel et al. 1999, 2000, 2001, 2002, 2003, 2004a, 2005). Other notable species that occur in the Walla Walla sub-basin include Pacific
and western brook lamprey, three-spine stickleback, tadpole madtom, Piute sculpin, margined sculpin, and torrent sculpin. Mottled
sculpin were reported by Michaelis (1972), Jackson (1975), Knecht
(1976), and Pearman (1977), but none have been observed by Mendel
et al. (1999, 2000, 2001, 2002, 2003, 2004a, 2005). I suspect that Piute
sculpin were misidentified as mottled sculpin in the earlier reports.

YAKIMA RIVER SUB-BASIN
The Yakima River joins the Columbia River at RKM 536.3 (RM 335.2) on
the right bank (Benton County). The Yakima River is 344 km (214 mi)
long and flows through three counties (Kittitas, Yakima, and Benton)
between its source at the tailrace of Keechelus Dam in Kittitas County,
the outlet of Keechelus Lake [Elevation: 768 (2,520 ft)], and its confluence with the Columbia River [Elevation: 105 m (344 ft)] in Benton
County. Its drainage basin is 15,928 km² (6,150 sq. mi). Its average
(range) in discharge is 99 (6–1,682) m² ⁄ sec [3,493 (225–59,400) cfs].
Principal tributaries include Satus Creek (RKM 112, RM 70) right
bank, Toppenish Creek (RKM 128.6, RM 80.4) right bank, Marion
Drain (RKM 132.2, RM 82.6) right bank, Ahtanum Creek (RKM 171.2,
RM 107) right bank, Naches River (RKM 186.1, RM 116.3) right bank,
Wenas Creek (RKM 195.8, RM 122.4) right bank, Umtanum Creek
(RKM 224.6, RM 140.4) right bank, Manastash Creek (RKM 247.2,
RM 154.5) right bank, Taneum Creek (RKM 256.0, RM 160.0) right
bank, Cherry Creek (RKM 260, RM 162.5) left bank, Swauk Creek
(RKM 262.4, RM 164.0) left bank, Teanaway River (RKM 284.9,
RM 176.1) left bank, Cle Elum River (RKM 297.0, RM 176.1) left bank,
and Kachess River (RKM 297.0, RM 185.6) left bank. The Naches River
is the longest tributary of the Yakima. Tributaries of the Naches River
include: Cowiche Creek (RKM 4.0, RM 2.5) right bank, Tieton Creek
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(RKM 28.0, RM 17.5) right bank, and Bumping and Little Naches rivers which converge at RKM 71.4 (RM 44.6) to form the Naches River.
A map and photographs of the Yakima River Sub-basin are shown
respectively in Figures 5.64 and 5.65.
There are seven irrigation diversion dams along the Yakima River
mainstem: Horn Rapids (Wanawich) Dam at RKM 28.8 (RM 18) and
Prosser Dam at RKM 75.4 (RM 47.1) in Benton County; Sunnyside
Dam at RKM 166.1 (RM 103.8) and Wapato Dam at RKM 170.7
(RM 106.7) in Yakima County. Roza Dam at RKM 204.6 (RM 127.9),
Easton Dam at RKM 324.0 (RM 202.5), and Keechelus Dam at
RKM 343.2 (RM 214.5) are located in Kittitas County. Horn Rapids
Dam is owned and operated by the Columbia Irrigation District. All
of the other dams are owned and operated by the Federal Bureau of
Reclamation. Anadromous fishes are counted migrating up ladders
at Prosser and Roza dams. The Prosser Dam count is used as an estimate of the total run size of each species migrating into the Yakima
River since the dam is located below the confluence of the first major tributary. The Roza Dam count is used to assess how many of
those fish reach the Upper Yakima drainage to spawn.
In addition to Keechelus Dam, which is 39 m (128 ft) high and
1,996 m (6,550 ft) long, and impounds 157,800 acre-feet of snow melt
runoff for irrigation, the United States Bureau of Reclamation has
constructed five other irrigation storage reservoirs on tributaries of
the Yakima River. Kachess and Cle Elum dams are located respectively
at outlets of Kachess Lake (Kachess River) and Cle Elum Lake (Cle
Elum River), tributaries of the Upper Yakima River. Kachess Dam is
35 m (115 ft) high and 427 m (1,400 ft) long, and impounds 239,000
acre-feet of runoff water. Cle Elum Dam is 50.3 m (165 ft) high and
548.6 (1,800 ft) long, and impounds 436,900 acre-feet of runoff water.
Bumping Lake Dam is located at the outlet of Bumping Lake on the
Bumping River, tributary of the Naches River. Bumping Lake Dam
is 18.6 m (61 ft) high and 1,196.3 m (2,925 ft) long, and impounds
33,700 acre-feet of runoff water. Tieton Dam is located at the outlet
of Rimrock Reservoir on the Tieton River, another tributary of the
Naches River. Tieton Dam is 97.2 m (319 ft) high and 280.4 m (920 ft)
long, and impounds 198,000 acre-feet of runoff water. Clear Creek
Dam is a small dam located in the Tieton River Basin upstream from
Rimrock Reservoir. It impounds 5,300 acre-feet of runoff water. This
system of storage reservoirs intercepts 1,065,400 acre-feet (62.4%) of
runoff out of the 1,707,820 acre-feet of water that normally runs-off in
these basins, with most of the stored runoff used to meet irrigation
demands in the spring and summer. Since most of the irrigation water
flows through a system of irrigation canals and ditches that have been
constructed in the Yakima Basin, this means that less water is available
in the Yakima River and its tributaries to provide flows necessary to
support migratory runs of anadromous fishes. Downstream migrating
smolts of anadromous fishes are monitored at smolt traps at Wapato
Dam [RKM 27.4 (RM 17.1) of the Naches River], Roza Dam [RKM 204.6
(RM 127.9) on the Yakima River], and at the Chandler juvenile facility
located at Prosser Dam [RKM 75.4 (RM 47.1) on the Yakima River].
Patten et al. (1970) sampled 35 sites in the Yakima mainstem at
two month intervals from April 1957 to May 1958. Sites were located
roughly 8 km apart between the mouth and headwaters. Pearsons
et al. (1993, 1996, 1998a, 1998b, 1999, 2001, 2002, 2003, 2004, 2005,
2006, 2007, 2008) and Temple et al. (2009) have sampled numerous sites in the Yakima mainstem and some of its tributaries (e.g.
Naches River) to obtain information about fish distributions. Karp
et al. (2002) sampled the Yakima River below Prosser, Sunnyside,
and Roza diversion dams in 1998.
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Figure 5.65
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(A) Yakima River. Photo courtesy of Scott Butner CC-BY-NC-ND 2.0. (B) Lake Kachess. Mt. Ranier can be seen in the
upper left corner. Photo courtesy of Peter Stevens CC-BY 2.0.
Figure 5.65 continued on next page
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Figure 5.65 concluded (C) Gold Creek and (D) the Naches River. Photos courtesy Jim Cummins, © 2009, all rights reserved. (E) Lake
Cle Elum. Photo courtesy the Bureau of Reclamation, us-PD. (F) Tieton River. Photo courtesy Bjorn Gudmundsson, ©
2011, all rights reserved.
A. T. Scholz

369

Chapter 5

Thirteen families and 53 species of fishes have been reported
in the Yakima drainage (Gilbert and Evermann 1895; Schultz and
DeLacy 1935 / 1936; Bryant and Parkhurst 1950; Patten et al. 1970;
Lee et al. 1980; Mongillo and Faulconer 1980, 1982; Pearsons et al.
1993, 1994, 1996, 1998a, 1998b, 1999, 2001, 2002, 2003, 2004a, 2004b,
2004c, 2004d, 2005, 2006, 2007; Hallock and Mongillo 1998; Karp
et al. 2002; YSFWPB 2004l; Temple et al. 2009; E. Anderson, WDFW,
Yakima, Washington, pers. comm.).
Fish species that occur in the Yakima Sub-basin include:
• Petromyzontidae: Pacific lamprey, river lamprey, western
brook lamprey;

• Cyprinidae: chiselmouth (n = 1,182), carp (n = 2,103), peamouth
(n = 8), unidentified dace (n = 41), redside shiner (n = 19);

• Acipenseridae: white sturgeon;

• Catostomidae: bridgelip, largescale, and mountain suckers
(n = 2,396 total suckers);

• Clupeidae: American shad;

• Ictaluridae: channel catfish (n = 23);

• Cyprinidae: chiselmouth, goldfish, carp, grass carp, peamouth, fathead minnow, northern pikeminnow, tui chub,
longnose dace, leopard dace, speckled dace, Umatilla dace,
redside shiner;

• Salmonidae: mountain whitefish (n = 271), steelhead trout
(n = 17), coho salmon (n = 38), fall Chinook salmon
(n = 1,286), spring Chinook salmon (n = 15);

• Catostomidae: bridgelip sucker, largescale sucker, mountain
sucker;

• Cottidae: prickly sculpin (n = 1); and

• Ictaluridae: black bullhead, brown bullhead, channel catfish;
• Salmonidae: mountain whitefish, pygmy whitefish, spring
Chinook salmon, fall Chinook salmon, coho salmon, sockeye salmon, kokanee salmon, steelhead trout, interior rainbow (redband) trout, coastal rainbow trout, cutthroat trout,
brown trout, bull trout, brook trout, lake trout;
• Gasterosteidae: three-spine stickleback;
• Percopsidae: sandroller;

• Percopsidae: sandroller (n = 2);
• Centrarchidae: pumpkinseed (n = 3), smallmouth bass
(n = 2,153), white crappie (n = 1);
• Additional channel catfish were caught in gill nets and catfish
traps between RKM 0 and RKM 19.0.

Fish species present during electrofishing surveys at Horn
Rapids, included:
• Acipenseridae: white sturgeon (n = 1);

• Poeciliidae: western mosquitofish;
• Gadidae: burbot;
• Cottidae: prickly sculpin, mottled sculpin, Piute sculpin,
shorthead sculpin, torrent sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch, walleye.

Patten et al. (1970) conducted electrofishing surveys at 35 sites in
the Yakima River mainstem at approximately 8 km intervals between
RKM 0 and RKM 281. Each site was sampled seven times between April
1957 and May 1958. A total of 34,733 fishes from 9 families, 33 species,
and 3 hybrid species were collected during these surveys. Information
about the number of each species, its relative abundance among all
sampled fish, and its distribution along the length of the Yakima
River are recorded in Table 5.53. In addition to the species reported
in Table 5.53, Patten et al. (1970) noted that fish previously reported
from the Yakima Basin but not collected in their study included Family
Acipenseridae (White Sturgeon); Family Cyprinidae (tui chub), Family
Salmonidae (kokanee / sockeye salmon), Family Gadidae (burbot), and
Family Cottidae (shorthead sculpins), which raised the total number
of Families and species found in the Yakima to 11 and 38 respectively.
Patten et al. (1970) collected voucher specimens of most of these species and stored them in the University of Washington Fish Collection.
WDFW biologists sampled 10 sites in the Yakima River, at RKM
32, 48, 72, 97, 145, 169, 193, 217, 250, and 281 in 1978 (Mongillo and
Faulconer 1980). They focused their attention on five species of
sport fishes. They recorded totals of 292 mountain whitefish (sampled at RKM 97, 145, 196, 193, 217, 250, and 281), 18 rainbow trout
(sampled at RKM 48, 145, 193, and 250), 7 Chinook salmon (sampled at RKM 250 and 281), 6 largemouth bass (sampled at RKM 72,
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97, and 145), 54 smallmouth bass (sampled at RKM 32, 48, 72, and
97), and no black crappie sampled at any site.
WDFW and the Yakama Tribe sampled the lower and middle
Yakima River at Vangie (RKM 12.2–20.2), Horn Rapids (RKM 28.1–
41.0), Benton (RKM 49.3–57.1), Granger (RKM 130.0–134.4), and
Sunnyside (RKM 167.4) by electrofishing, gillnetting, and setting
catfish traps in April and May 1997 (Pearsons et al. 1999). Fish species present during electrofishing surveys at Vangie, included:

• Cyprinidae: chiselmouth (n = 956), carp (n = 1,532), northern
pikeminnow (n = 68), unidentified dace (n = 20), redside
shiner (n = 2);
• Catostomidae: bridgelip, largescale, and mountain suckers
(n = 2,136 total suckers);
• Salmonidae: mountain whitefish (n = 455), steelhead trout
(n = 28), coho salmon (n = 107), fall Chinook salmon
(n = 450), spring Chinook salmon (n = 294); and
• Centrarchidae: smallmouth bass (n = 383), white crappie (n = 1).

Fish species present during electrofishing surveys at Benton,
included:
• Cyprinidae: chiselmouth (n = 881), carp (n = 1,457), northern
pikeminnow (n = 98), unidentified dace (n = 459), redside
shiner (n = 3);
• Catostomidae: bridgelip, largescale, and mountain suckers
(n = 1,753 total suckers);
• Ictaluridae: channel catfish (n = 3);
• Salmonidae: mountain whitefish (n = 227), steelhead trout
(n = 71), coho salmon (n = 78), fall Chinook salmon
(n = 997), spring Chinook salmon (n = 123);
• Centrarchidae: pumpkinseed (n = 3), smallmouth bass
(n = 1,496), white crappie (n = 1); and
• Percidae: yellow perch (n = 2).

Fish species present during electrofishing surveys at Granger,
included:
• Cyprinidae: chiselmouth (n = 442), carp (n = 307), northern
pikeminnow (n = 186), unidentified dace (n = 1), redside
shiner (n = 229);
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steelhead / rainbow trout

Chinook salmon

coho salmon

mountain whitefish

Salmonidae

128

mountain sucker

208

1,364

1,726

51

3,287

largescale sucker

black bullhead

1,621

bridgelip sucker

4,651

redside shiner

220

leopard dace
3,356

550

longnose dace

speckled dace

3,411

northern pikeminnow

1

1,483

carp

peamouth

6,926

146

n

chiselmouth

Ictaluridae

Catostomidae

Cyprinidae

Pacific lamprey

Petromyzontidae

western brook lamprey

Species

0.6

3.9

5

0.1

0.4

9.5

4.7

13.4

9.6

0.6

1.6

9.8

<0.1

4.3

19.9

0.4

RA

Table 5.53 continued on next page

0, 40, 72, 89, 97, 105, 113, 177, 185, 193, 201, 209, 217, 225, 233, 241, 250, 258, 266, 274, 281

0, 8, 16, 40, 56, 69, 97, 105, 113, 120, 129, 145, 153, 161, 169, 177, 185,
193, 201, 209, 217, 225, 233, 241, 250, 258, 266, 274, 281

0, 8, 16, 24, 32, 40, 48, 56, 64, 72, 89, 97, 105, 113, 120, 128, 137, 145, 153, 161,
169, 177, 185, 193, 201, 209, 217, 225, 233, 241, 250, 258, 266, 281

0, 8, 16, 24, 32, 40, 48, 97, 105

48, 56, 105, 120, 137, 145, 153, 161, 169, 177, 185, 193, 201, 209, 217, 225, 241, 250, 258, 266

0, 8, 16, 24, 32, 40, 48, 56, 64, 72, 89, 97, 105, 113, 120, 129, 137, 145, 153, 161,
169, 177, 185, 193, 201, 209, 217, 225, 233, 241, 250, 258, 266, 274, 281

0, 8, 16, 24, 32, 40, 48, 56, 64, 72, 89, 97, 105, 113, 120, 129, 137, 145, 153, 161,
169, 177, 185, 193, 201, 209, 217, 225, 233, 241, 250, 258, 274

0, 8, 16, 24, 32, 40, 48, 56, 64, 105, 113, 120, 129, 137, 145, 153, 161, 169,
177, 185, 193, 201, 209, 217, 225, 233, 241, 250, 258, 274, 281

0, 8, 16, 24, 32, 40, 48, 56, 64, 105, 113, 120, 129, 137, 145, 153, 161, 169, 177,
185, 193, 201, 209, 217, 225, 233, 241, 250, 258, 266, 274, 281

24, 48, 56, 64, 113, 120, 129, 137, 145, 153, 161, 169, 209, 217, 241, 250

8, 16, 24, 40, 48, 56, 64, 72, 89, 97, 105, 113, 120, 129, 137, 145, 153, 161,
169, 177, 185, 193, 201, 209, 217, 225, 241, 250, 258, 281

0, 8, 16, 24, 32, 40, 48, 56, 64, 72, 89, 97, 105, 113, 120, 129, 139, 145, 153,
161, 169, 177, 185, 193, 201, 209, 217, 225, 241, 250, 258, 281

32

0, 8, 16, 24, 32, 40, 48, 56, 64, 72, 89, 97, 105, 113, 120, 129, 137, 145, 161, 169

0, 8, 16, 24, 32, 40, 48, 56, 64, 72, 89, 97, 105, 113, 120, 129, 137, 145, 153,
161, 169, 177, 185, 193, 201, 209, 217, 225, 233, 250, 266

24, 48, 56, 137, 145, 153, 161, 201, 209, 217, 225, 233, 241, 250, 258, 266, 274, 281

Distribution (present at RKM)

Total number (n), relative abundance (RA), and distribution (RKM) of fishes collected in the Yakima Basin from 8 April, 1957 to 20 May, 1958 by Patten et al. (1970). (Page 1 of 2.)
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BLS × LSS
34,733

100

32, 129, 177

¹ Three species of hybrids were reported: chiselmouth × northern pikeminnow, speckled dace × redside shiner, and bridgelip sucker × largescale sucker.

Total

153, 209, 258

<0.1

SPD × RSS
20

8, 16, 48, 97, 137, 145, 161, 169

0, 8, 16, 89,

14

CMO × NPM

Hybrids¹

0, 8, 16, 24, 32, 40, 48, 56, 64, 89, 97, 105, 113, 129, 145

0, 8, 16, 24, 32, 48, 56, 64, 72, 89, 97, 105, 113, 120, 137, 145, 153, 161, 169

0, 8, 16, 24, 32, 40, 48, 56, 64, 72, 97, 105, 137

Percidae

2.5

1.1

1.3

0, 8, 16, 24, 32, 48, 72, 89, 97, 113, 129, 137, 153, 169, 177, 217

113, 137, 145, 153, 161, 169, 177, 185, 193, 201, 209, 217, 225, 233, 241, 250, 258, 266, 274, 281

153, 161, 169, 177, 185, 193, 201, 209, 217, 225, 233, 241, 250, 258, 266, 274, 281

137, 145, 153, 161, 169, 177, 185, 193, 201, 209, 217, 225, 233, 241, 250, 258, 266, 274, 281

129, 145, 161, 169, 193, 209

145, 153, 161

266

185, 209, 217, 250, 258, 268, 274, 281

24, 40, 161, 169, 217

868

388

0.3

5.4

1.3

3

<0.1

0.1

<0.1

0.1

<0.1

169

Distribution (present at RKM)

yellow perch

463

largemouth bass

346

smallmouth bass

bluegill

pumpkinseed

RA
<0.1

black crappie

Centrarchidae

452

Piute sculpin

1,899

1,045

mottled sculpin

torrent sculpin

14

1

bull trout (Dolly Varden)

prickly sculpin

31

brook trout

Cottidae

13

brown trout

47

3

cutthroat trout

sand roller

n

Species

Perscopsidae

Family

Table 5.53 concluded Total number (n), relative abundance (RA), and distribution (RKM) of fishes collected in the Yakima Basin from 8 April, 1957 to 20 May, 1958 by Patten et al. (1970).
(Page 2 of 2.)
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• Catostomidae: bridgelip, largescale, and mountain suckers
(n = 4,173 total suckers);
• Salmonidae: mountain whitefish (n = 1,500), steelhead trout
(n = 3), coho salmon (n = 492), fall Chinook salmon
(n = 63); and
• Centrarchidae: smallmouth bass (n = 1).

Fish species present during electrofishing surveys at Sunnyside,
included:
• Cyprinidae: chiselmouth (n = 20), carp (n = 16), northern pikeminnow (n = 20), unidentified dace (n = 2);
• Catostomidae: bridgelip, largescale, and mountain suckers
(n = 134 total suckers);
• Salmonidae: mountain whitefish (n = 290), steelhead trout
(n = 1), coho salmon (n = 40); and
• Cottidae: prickly sculpin (n = 1).

Pearsons et al. (2001a, 2001b, 2002, 2003) conducted electrofishing surveys at approximately weekly intervals from March to June in
1999, 200, 2001, and 2002 in the Yakima River at Vangie (RKM 12.2–
20.2) and at Benton (RKM 49.3–57.1). The number of times each site
was electrofished was 13 in 1999, 14 in 2000, 12 in 2001, and 13 in
2002. The total number of fish collected in all four years was 40,066
in the Vangie section and 40,027 in the Benton section.
Fish species present at Vangie, included: unidentified lamprey
(present in 2000 and 2001), chiselmouth, carp, peamouth, northern pikeminnow, unidentified dace; redside shiner (all cyprinids
were present in 1999, 2000, 2001, and 2002), bridgelip sucker,
largescale sucker, mountain sucker (all catostomids were present in 1999, 2000, 2001, and 2002), brown trout (present in 2002),
pumpkinseed (present in 1999, 200, 2001, 2001), smallmouth bass
(present in 1999, 200, 2001, and 2002), largemouth bass (present in
2000, 2001, and 2002), white crappie (present in 1999 and 2002),
sandroller (present in 1999), prickly sculpin (present in 1999, 2000,
2001), and yellow perch (present in 1999 and 2002).
Fish species present at Benton, included: unidentified lamprey
(present in 2001 and 2002), chiselmouth (present in 1999, 2000, 2001,
and 2002), carp (present in 1999, 2000, 2001, 2002), peamouth (present in 1999), northern pikeminnow (present in 1999, 2000, 2001, and
2002), unidentified dace (present in 1999, 2000, 2001, 2002), bridgelip,
largescale, and mountain suckers (present in 1999, 2000, 2001, and
2002), brown bullhead (present in 2000, 2001, and 2002), channel
catfish (present in 1999, 2000, 2001, and 2002), pumpkinseed (present in 1999, 2000, and 2002), smallmouth bass (present in 1999, 2000,
2001, and 2002), largemouth bass(present in 2002), white crappie
(present in 1999, 2000, and 2002), and yellow perch (present in 1999).
Karp et al. (2002), United States Bureau of Reclamation biologists, sampled fish by boat electrofishing, backpack electrofishing,
and beach seining in each of three 1.6 km (1.0 mi) segments below
Prosser Dam (RKM 75.4; RM 47.1), Sunnyside Dam (RKM 166.1;
RM 102.8), and Roza Dam (RKM 204.2; RM 127.8) in 1997–1999.
Below Prosser Dam, they collected 1,041 total fish, comprised of
9.6% chiselmouth (n = 1,000), < 1% goldfish (n = 4), 13.4% northern pikeminnow (n = 10), 1.8% longnose dace (n = 19), < 1% leopard dace (n = 1), 4.9% speckled dace (n = 51), 5.0% Umatilla dace
(n = 52), < 1% redside shiner (n = 1), 10.4% bridgelip sucker (n = 108),
15.5% largescale sucker (n = 161), < 1% mountain sucker (n = 1),
< 1% channel catfish (n = 1), 1.8% mountain whitefish (n = 19),
6.1% steelhead / rainbow trout (n = 63), 1.3% Chinook salmon

(n = 14), < 1% western mosquitofish (n = 6), < 1% prickly sculpin
(n = 2), < 1% pumpkinseed (n = 1), 25.6% smallmouth bass (n = 266),
< 1% largemouth bass (n = 7), and < 1% black crappie (n = 2).
Below Sunnyside Dam, they collected 3,234 total fish, comprised
of < 1% lamprey (n = 1), 10.9% chiselmouth (n = 353), 1.2% carp
(n = 40), 10.7% northern pikeminnow (n = 347), 3.7% longnose
dace (n = 119), < 1% leopard dace (n = 1), 8.7% speckled dace
(n = 281), 21.4% redside shiner (n = 691), 5.9% bridgelip sucker
(n = 191), 18.5% largescale sucker (n = 598), 1.6% mountain sucker
(n = 51), < 1% black bullhead (n = 2), < 1% brown bullhead (n = 1),
10.9% mountain whitefish (n = 353), < 1% coho salmon (n = 4), < 1%
steelhead / rainbow trout (n = 1), 1.3% Chinook salmon (n = 42),
< 1% three-spine stickleback (n = 1), 3.8% torrent sculpin (n = 123),
< 1% pumpkinseed (n = 5), < 1% bluegill (n = 4), < 1% largemouth
bass (n = 7, < 1% black crappie (n = 1), and < 1% yellow perch (n = 4).
Below Roza Dam, they collected 3,546 total fish, comprised of
< 1% chiselmouth (n = 13), < 1% carp (n = 12), 6.7% northern pikeminnow (n = 239), 1.7% longnose dace (n = 60), 1.3% speckled dace (n = 46),
32.7% redside shiner (1,158), 5.4% bridgelip sucker (n = 193), 16.4% largescale sucker (n = 582), < 1% mountain sucker (n = 1), < 1% bridgelip
sucker × largescale sucker hybrids (n = 6), 21.9% mountain whitefish
(n = 778), < 1% cutthroat trout (n = 1), 3.1% steelhead / rainbow trout
(n = 110), < 1% coho salmon (n = 1), 2.0% Chinook salmon (n = 72),
1.6% three-spine stickleback (n = 58), < 1% mottled sculpin (n = 33),
< 1% Piute sculpin (n = 5), < 1% shorthead sculpin (n = 4), 4.9% torrent
sculpin (n = 173), and < 1% bluegill (n = 1).
Boat electrofishing surveys were also conducted by WDFW in
the Yakima mainstem at Granger (RKM 130.0–134.1), Toppenish
(RKM 145.6–153.4), and below Sunnyside Dam (RKM 167.0) in 1999
(Pearsons et al. 2001). A total of 18,331 fish were sampled at Granger,
comprised of 13.0% chiselmouth (n = 2,653), 3.0% carp (n = 550),
1% northern pikeminnow (n = 214), < 0.1% unidentified dace (n = 5),
12% redside shiner (n = 2,551), 47.0% bridgelip, largescale, and
mountain suckers (n = 9,726 total suckers), 16.0% mountain whitefish (n = 3,363), < 0.1% steelhead (n = 1), 1.2% coho salmon 213),
0.9% fall Chinook salmon (n = 167), 6.0% spring Chinook salmon
(n = 1,099), < 0.1% smallmouth bass (n = 3), and < 0.1% largemouth
bass (n = 1) (Pearsons et al. 2001).
A total of 24,747 fish were sampled at Toppenish, comprised
of 13% chiselmouth (n = 3,232), 2.4% carp (n = 592), 1.9% northern
pikeminnow (n = 460), < 0.1% unidentified dace (n = 15), 3.0% redside shiner (n = 672), 44.0% bridgelip, largescale, and mountain
suckers (n = 10,854), < 0.1% channel catfish (n = 1), 31.0% mountain whitefish (n = 7,770), < 0.1% steelhead trout (n = 8), 1.0% coho
salmon (n = 92), and 4.0% spring Chinook salmon (n = 1,051)
(Pearsons et al. 2001).
A total of 1,843 fish were sampled below Sunnyside Dam,
comprised of 8.0% chiselmouth (n = 140), 2.0% carp (n = 29),
1.0% northern pikeminnow (n = 23), < 1% unidentified dace
(n = 6), 2.0% redside shiner (n = 30), 36.0% bridgelip, largescale,
and mountain suckers (n = 670 total suckers), 45.0% mountain
whitefish (n = 830), < 1.0% steelhead trout (n = 2), and 6.0% spring
Chinook salmon (n = 113) (Pearsons et al. 2001).
Fish species found during electrofishing surveys in the Upper
Yakima mainstem in 2008 included: western brook lamprey, chiselmouth, carp, northern pikeminnow, longnose dace, speckled
dace, redside shiner, bridgelip sucker, largescale sucker, mountain
sucker, mountain whitefish, cutthroat trout, coho salmon, rainbow
trout, kokanee salmon, spring Chinook salmon, brown trout, bull
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trout, brook trout, lake trout, burbot, three-spine stickleback, mottled sculpin, torrent sculpin, pumpkinseed, bluegill, smallmouth
bass, largemouth bass, and yellow perch (Temple et al. 2009).
Cle Elum Reservoir was sampled by WDFW in 1978 / 1979 using 19 gill net sets (Mongillo and Faulconer 1980). A total of 110
fish were captured, comprised of 16.3% redside shiner (n = 18),
43.6% largescale sucker (n = 48), 18.2% mountain whitefish (n = 20),
3.6% pygmy whitefish (n = 4), 1.8% cutthroat trout (n = 2), 5.4%
kokanee salmon (n = 4), 3.6% brook trout (n = 4), 1.8% lake trout
(n = 2), 5.4% burbot (n = 6), and 1.8% torrent sculpin (n = 2).
Mongillo and Faulconer (1982) sampled Cle Elum Lake,
Keechelus Lake, Kachess Lake, Little Kachess Lake (Upper
Yakima River drainage) and Bumping and Rimrock reservoirs
(Naches River drainage) using 5 horizontal research gill nets (with
5 panels of graded mesh) and 3 vertical research gill nets (with 3
panels of graded mesh). Redside shiner, largescale sucker, mountain whitefish, pygmy whitefish, cutthroat trout, kokanee salmon,
brook trout, lake trout, and burbot were found in Cle Elum Lake
(Mongillo and Faulconer 1982). Chiselmouth, northern pikeminnow, peamouth, longnose dace, speckled dace, and brown trout
also occur in Cle Elum Lake (E. Anderson, WDFW Region 3,
Yakima, Washington, pers. comm).
Northern pikeminnow, largescale sucker, mountain whitefish,
pygmy whitefish, rainbow trout, kokanee salmon, bull trout, and
burbot were found in Keechelus Lake (Mongillo and Faulconer
1982). Chiselmouth, peamouth, longnose dace, speckled dace, cutthroat trout, lake trout, and brook trout also occur in Keechelus Lake
(E. Anderson, WDFW Region 3, Yakima, Washington, pers. comm.).
Northern pikeminnow, largescale sucker, mountain whitefish,
pygmy whitefish, kokanee salmon, bull trout, and burbot were captured in Kachess lake (Mongillo and Faulconer 1982). Chiselmouth,
peamouth, longnose dace, speckled dace, cutthroat trout, rainbow
trout, and brook trout also occur in Kachess Lake (E. Anderson,
WDFW Region 3, Yakima, Washington, pers. comm).
Northern pikeminnow, largescale sucker, mountain whitefish,
pygmy whitefish, cutthroat trout, rainbow trout, kokanee salmon,
bull trout, and burbot were sampled in the nets set in Little Kachess
Lake (Mongillow and Faulconer 1982). Redside shiner and torrent
sculpin also occur in Little Kachess Lake (E. Anderson, WDFW
Region 3, Yakima, Washington, pers. comm).
In reservoirs in the Naches River drainage Mongillo and
Faulconer (1982) found largescale sucker, kokanee salmon, and
bull trout in Rimrock Lake. Mountain whitefish, cutthroat trout,
and brook trout also occur in Rimrock Lake (E. Anderson, WDFW
Region 3, Yakima, Washington, pers. Comm). Mountain whitefish,
cutthroat trout, rainbow trout, kokanee salmon, bull trout, brook
trout, and torrent sculpin were found in Bumping Lake (Mongillo
and Faulconer 1982).
The following species were observed in tributaries of the Upper
Yakima mainstem above Roza Dam in 1991 (McMichael et al. 1992),
1992 (Pearsons et al. 1992), and 1993 (Pearsons et al. 1994):
• Umtanum Creek: speckled dace, bridgelip sucker,
steelhead / rainbow trout (wild and hatchery), spring
Chinook salmon, unidentified sculpin;
• Badger Creek: brook lamprey, northern pikeminnow,
longnose dace, speckled dace, redside shiner, bridgelip
sucker, mountain whitefish, cutthroat trout, rainbow
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trout (wild and hatchery), hatchery steelhead trout,
spring Chinook salmon, three-spine stickleback;
• Cherry Creek: longnose dace, redside shiner, bridgelip
sucker, largescale sucker, mountain whitefish, rainbow
trout, spring Chinook salmon, three-spine stickleback;
• Wilson Creek: longnose dace, redside shiner, bridgelip
sucker, largescale sucker, mountain whitefish, anadromous steelhead / resident rainbow trout (wild and
hatchery), spring Chinook salmon, brook trout;
• Manastash Creek: longnose dace, speckled dace,
bridgelip sucker, largescale sucker, mountain whitefish, cutthroat trout, rainbow trout, hatchery steelhead,
spring Chinook salmon, brook trout, shorthead sculpin,
torrent sculpin, unidentified sculpins;
• Taneum Creek: longnose dace, redside shiner, unidentified dace, mountain whitefish, cutthroat trout,
rainbow trout, cutthroat trout × rainbow trout hybrids,
spring Chinook salmon, brook trout, shorthead sculpin, torrent sculpin, unidentified sculpins;
• Swauk Creek: northern pikeminnow, longnose
dace, speckled dace, redside shiner, bridgelip sucker,
largescale sucker, cutthroat trout, rainbow trout, cutthroat trout × rainbow trout hybrids, spring Chinook
salmon, shorthead sculpin, torrent sculpin, unidentified sculpins;
• Jungle Creek: longnose dace, speckled dace, cutthroat
trout, rainbow trout, hatchery steelhead trout, shorthead sculpin, torrent sculpin;
• Lower Teanaway River: rainbow trout, spring Chinook
salmon;
• West Fork Teanaway River: northern pikeminnow,
longnose dace, speckled dace, redside shiner, largescale sucker, cutthroat trout, rainbow trout, hatchery
steelhead trout, cutthroat trout× rainbow trout hybrids,
spring Chinook salmon, bull trout, shorthead sculpin,
torrent sculpin, unidentified sculpins;
• Middle Fork Teanaway River: longnose dace,
speckled dace, unidentified sucker, cutthroat trout,
hatchery steelhead (age 1+), rainbow trout, cutthroat
trout × rainbow trout hybrids, shorthead sculpin, torrent sculpin, unidentified sculpins;
• North Fork Teanaway River: longnose dace, bridgelip
sucker, largescale sucker, mountain whitefish, cutthroat
trout, rainbow trout, steelhead trout (wild and hatchery),
spring Chinook salmon, bull trout, brook trout, shorthead
sculpin, torrent sculpin, unidentified sculpins. A pair of
wild adult steelhead was observed in the act of spawning;
• Big Creek: speckled dace, cutthroat trout, rainbow trout,
cutthroat trout × rainbow trout hybrids, brook trout,
shorthead sculpin, torrent sculpin, unidentified sculpins;
• Cabin Creek: A series of cascades and waterfalls between
RKM 5.0–6.1 is a barrier to upstream migration of anadromous fish. Longnose dace, speckled dace, cutthroat trout,
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rainbow trout, brook trout, shorthead sculpin, torrent
sculpin, and unidentified sculpins were captured in 1992;
• Cle Elum River: unidentified suckers, mountain whitefish,
and rainbow trout were reported by Hindman et al. (1991);
• Yakima mainstem – Lower Canyon: chiselmouth,
northern pikeminnow, unidentified dace, redside
shiner, bridgelip sucker, largescale sucker, mountain
whitefish, rainbow trout, spring Chinook salmon,
unidentified sculpins;
• Yakima mainstem – Upper Canyon: chiselmouth, carp,
northern pikeminnow, unidentified dace, bridgelip
sucker, largescale sucker, mountain whitefish, rainbow
trout, spring Chinook salmon, unidentified sculpins,
pumpkinseed, yellow perch;
• Yakima mainstem – Ellensburg section: northern
pikeminnow, unidentified dace, bridgelip sucker,
largescale sucker, mountain whitefish, rainbow trout,
spring Chinook salmon, unidentified sculpins;
• Yakima mainstem – Thorp section: northern pikeminnow, unidentified dace, bridgelip sucker, largescale
sucker, mountain whitefish, rainbow trout, spring
Chinook salmon, and unidentified sculpins;
• Yakima mainstem – Cle Elum section: northern pikeminnow, bridgelip sucker, largescale sucker, mountain
whitefish, rainbow trout, spring Chinook salmon, bull
trout, burbot, unidentified sculpins;
• Yakima mainstem – Nelson Siding Section: northern
pikeminnow, unidentified suckers, mountain whitefish,
rainbow trout (average FL = 289 mm and maximum
FL = 497 mm), brook trout, unidentified sculpins.
Spawning anadromous adult steelhead were observed
on redds; and
• Yakima mainstem – Crystal Spring section: cutthroat
trout, cutthroat trout × rainbow trout hybrids, brook trout.
Upstream / downstream migration traps in Taneum and
Umtanum creeks in 1993 captured large numbers of fluvial bridgelip suckers (Pearsons et al. 1994). In Umtanum Creek 573 were
captured migrating upstream (15 April to 30 May) and 465 were
captured migrating downstream (10 April to 1 June). In Taneum
creek 58 were captured in the upstream trap (9 May to 1 June) and
386 were captured in the downstream trap (23 May to 29 June).
A total of 14,328 fish, comprised of five families and 11 species were captured in migration traps at three sites in Swauk
Creek in 1997 (Pearsons et al. 1996). The relative abundance was
< 0.1% western brook lamprey (n = 3), 0.2% northern pikeminnow (n = 33), 63.0% longnose dace (n = 9,023), 23.3% speckled dace
(n = 3,345), 2.5% redside shiner (n = 353), 1.2% bridgelip sucker
(n = 175), 0.2% largescale sucker (n = 27), < 0.1% cutthroat trout
(n = 16), 2.8% rainbow trout (n = 398), 2.4% spring Chinook salmon
(n = 341), and 4.2% unidentified sculpins (n = 610).
During 2008, Temple et al. (2009) sampled fishes in the Middle,
North, and West Forks of the Teanaway River, Swauk Creek and
Taneum Creek. A total of 701 fish were captured in the Middle
Fork Teanaway River, comprised of: 49.9% longnose dace (n = 350),
2.1% speckled dace (n = 15), 0.7% cutthroat trout (n = 5), 26.7% rain-

bow trout (n = 187), 0.9% cutthroat trout × rainbow trout hybrids
(n = 6), 12.7% Piute sculpin (n = 89), and 7.0% torrent sculpin
(n = 49) (Temple et al. 2009).
A total of 606 fish were captured in the North Fork Teanaway
River, comprised of: 20.5% longnose dace (n = 124), 1.7% speckled dace (n = 10), 1.7% mountain whitefish (n = 10), 11.9% cutthroat trout (n = 72), 27.2% rainbow trout (n = 165), 1.2% cutthroat
trout × rainbow trout hybrids (n = 7), 13.0% wild spring Chinook
salmon (n = 79), 2.8% residualized hatchery spring Chinook
salmon (n = 17), 1.2% mottled sculpin (n = 77), 6.1% Piute sculpin
(n = 37), 10.9% shorthead sculpin (n = 66), and 2.0% torrent sculpin
(n = 12) (Temple et al. 2009).
A total of 557 fish were captured in the West Fork Teanaway River,
comprised of: 37.0% longnose dace (n = 206), 12.4% speckled dace
(n = 69), 1.4% redside shiner (n = 8), 0.2% bridgelip sucker (n = 1),
25.1% rainbow trout (n = 140), 0.4% cutthroat trout × rainbow trout
hybrids (n = 2), 0.2% mottled sculpin (n = 2), 14.0% Piute sculpin
(n = 78), and 9.3% torrent sculpin (n = 52) (Temple et al. 2009).
A total of 1,051 fish were captured in Swauk Creek, comprised of: < 0.1% northern pikeminnow (n = 1), 8.7% longnose
dace (n = 92), 17.1% speckled dace (n = 181), 1.9% bridgelip sucker
(n = 20), 4.3% cutthroat trout (n = 45), 36.3% rainbow trout
(n = 384), 1.7% cutthroat trout × rainbow trout hybrids (n = 18),
1.5% spring Chinook salmon (n = 16), 20.1% Piute sculpin (n = 212),
and 8.3% torrent sculpin (n = 88) (Temple et al. 2009).
A total of 537 fish were captured in Taneum Creek, comprised of
1.3% speckled dace (n = 7), 0.5% cutthroat trout (n = 3), 44.6% rainbow trout (n = 250), 2.1% cutthroat trout × rainbow trout hybrids
(n = 12), 0.9% brook trout (n = 5), 27.7% Piute sculpin (n = 155),
5.7% shorthead sculpin (n = 32), and 13.9% torrent sculpin (n = 78)
(Temple et al. 2009).
Remnant populations of Pacific lamprey still occur in the Yakima
mainstem and Naches Rivers. However, fewer than 15 adults were
observed in the Yakima Basin between 1992–2003 (Wydoski and
Whitney 2003). Pacific lamprey were observed passing through the
fish ladders at Prosser Dam (n = 5 adults between 1992–1996) and
Roza Dam (n = 1 adult between 1992–1996) (Pearsons et al. 1998). Six
adult Pacific lamprey and 1,109 juvenile lamprey (either Pacific lamprey or western brook lamprey—not identified to species) were observed at the Chandler Juvenile Fish Facility at Prosser Dam between
1993–1996 (Pearsons et al. 1998). A total of two Pacific lamprey were
collected in the Yakima River by Pearsons et al. (1998), one at RKM
24, below Horn Rapids Dam, the other at RKM 40 at Horn Rapids.
At Prosser Dam, a total of 192 Pacific lamprey were counted
migrating past the fish ladder from 1983–2010. During this 27-year
interval, the average (range) number was 7 (0–87) caught annually.
Pacific lamprey were observed in the ladder only during nine of
the years: 1 (in 1997), 22 (in 2002), 87 (in 2003), 65 (in 2004), 2 (in
2005), 4 (in 2006), 7 (in 2007), 3 (in 2008), and 1 (in 2009). No
Pacific lamprey were counted at Roza Dam from 1940–1967 and
one was counted between 1982–2010.
Leopard dace were collected in the Yakima River near Zillah,
Washington on 16 December 1930 and placed in the University
of Washington (UW) Fish Collection (Specimen No. UW 001820).
Patten et al. (1970) collected leopard dace in the Yakima River between RKM 24 to RKM 250 in 1957 and 1958, and in 1962, and also
placed voucher specimens in the UW Fish Collection (Specimen
Nos. UW 104122, UW 014386, UW 014582, and UW 020273). The
Washington Department of Ecology (WDOE) collected 18 speci-
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mens of leopard dace in the tributaries of the Yakima River, Dry
Creek, Cooke Creek, and the Teanaway River in 1994 and 1995, and
placed voucher specimens in the UW Fish Collection (Specimen
Nos. UW 029566, UW 029570, UW 029572, and UW 041234).
During sampling by WDFW in the Yakima mainstem and tributaries from 1990–1995, no leopard dace were collected (Pearsons et
al. 1996, 1998). Consequently, Pearsons et al. (1998) had the voucher
specimens purported to the leopard dace in the UW Fish Collections
re-examined by two professional ichthyologists (Gordon Haas and
J. D. McPhail, University of British Columbia). Their examination
showed that one of the specimens collected by Patten (UW 020273)
and all four collected by WDFW (UW 029566, UW 029570, UW 029572,
and UW 041234) were actually misidentified speckled dace. Specimen
No. UW 04122 collected by Patten et al. (1970) was probably a speckled dace rather than a leopard dace. Specimen No. UW 014386 was
dried out, so it was not able to be confirmed as a leopard dace. They
did not examine Specimen No.'s. UW 001820 or UW 014582. Pearsons
et al. (1998) summed up these results:
“Thus most of what we knew about the historical abundance and distribution of leopard dace in the Yakima
Basin is now in question.”
However, Pearsons et al. (1998) collected a total of 80 leopard dace in the Yakima mainstem: 23 below Horn Rapids Dam
(RKM 24), 9 at Horn Rapids (RKM 32, 40), 46 near Chandler
(RKM 56, 64), 1 at Granger (RKM 129), 0 at Zillah (RKM 137) and
Wapato (RKM 145), 1 at Yakima (RKM 153, 161), and 0 below Roza
Dam (RKM 169). Karp et al. (2002) collected one leopard dace each
below Prosser and Sunnyside dams.
Between 1994–1997, no mountain sucker were collected in the
lower Yakima mainstem below Horn Rapids (RKM 24), at Horn
Rapids (RKM 32, 40), Chandler (RKM 56, 64), or Selah (RKM 169)
(Pearsons et al. 1998). Two mountain sucker were collected in the
middle Yakima River between Prosser and Roza dams at Granger
(RKM 120, 129), one at Zillah (RKM 137), 14 at Wapato (RKM 145),
and 12 at Yakima (RKM 153, 161) (Pearsons et al. 1998). Eight mountain sucker were captured in the Upper Yakima Basin above Roza
Dam and 26 were captured in tributaries of the Upper mainstem,
including 21 in Caribou Creek, 1 in Coleman Creek, and 3 in the
Teanaway River (Pearsons et al. 1998).
Before settlement began, prior to 1850, about 500,000–900,000
anadromous salmonids returned annually from the North Pacific
Ocean to spawn in the Yakima Basin (Robison 1957; YSFWPB
2004). The runs were composed of spring Chinook salmon, summer Chinook salmon, fall Chinook salmon, coho salmon, sockeye
salmon, and steelhead trout. Summer Chinook, sockeye, and coho
were extirpated by about 1895, 1902, and 1985, respectively. By the
mid 1980s, the total number of salmonids returning to the Yakima
was only about 10,000 fish (BPA 2004). Since the mid 1980s intensive efforts have been made to restore anadromous salmonids to
the Yakima Sub-basin, including an attempt by the Yakama Nation
to restore extirpated coho salmon. By 1995–2002, numbers of anadromous fish returning to the Yakima varied from about 645–21,000
spring Chinook, 2,000–4,000 fall Chinook 1,000–2,000 coho, and
600–5,000 steelhead.
The Yakima and Naches rivers and many of their tributaries also harbor native resident redband rainbow trout, bull trout,
and mountain whitefish, and remnant populations of westslope
cutthroat trout. The cutthroat trout and possibly bull trout prob376

ably are present in the Yakima River and other tributaries on the
eastern slope of the Cascade Mountains after being displaced
from Montana by Lake Missoula flood events at the end of the
Pleistocene (Behnke 1992, 2002).
Westslope cutthroat trout in the Yakima sub-basin are mainly
small residents (< 250 mm TL) found in high elevation portions
of tributaries, although some larger (350–400 mm TL) individuals
with a fluvial life history are routinely found in the Yakima mainstem (Pearsons et al. 1996, 1998). Densities of cutthroat trout in the
Yakima River mainstem averaged (ranged) 22 (1–28) per 100 mm²
between 1991–2008 (Temple et al. 2009).
Introduced lake trout are confined to Cle Elum, Kachess, and
Keechelus lakes. Brown trout have been introduced into several
lakes in the Yakima Basin and are present in very low numbers
throughout the Yakima mainstem. They have established a natural spawning population in Cooper Creek, tributary of the Waptus
River which flows into Cle Elum Lake (E. Anderson, WDFW,
Yakima, Washington, pers. comm.).
Historically, about 80,000 adult steelhead returned to spawn in
the Yakima Sub-basin (Howell et al. 1985). They formerly spawned
in the Upper Yakima mainstem above Roza Dam and in most tributaries, including Satus and Toppenish creeks, the Ahtanum River,
throughout the Naches drainage, and in most of the tributaries
that enter the mainstem above Roza Dam (Fulton 1970). Many
fish were diverted into unscreened irrigation ditches and perished
by becoming stranded in farm fields. By 1970, spawning was confined to the Upper Yakima mainstem, Naches River, and Satus and
Toppenish creeks (Fulton 1970). Steelhead currently spawn over a
reduced range owing to degradation of habitat in many tributaries
or because irrigation diversion dams without fish ladders blocked
their migration into them.
Steelhead enter the Yakima River in the fall of the year preceding when they will spawn in the spring. Steelhead migration
at Prosser Dam peaked in September. Steelhead were implanted
with radio transmitters at Prosser Dam and tracked (Hockersmith
et al. 1995). Most of them remained in the Yakima mainstem between Prosser and Sunnyside dams throughout the fall and winter months (October to January), in reaches with deep holes and
low velocity. They ascended farther up the mainstem or entered
tributaries from February to May. Spawning occurred from about
mid March to mid May. About 40–50 percent of the population
spawned in Satus or Toppenish creeks, 35–40 percent spawned in
the Naches River, and 5–10 percent spawned in the Upper Yakima
mainstem or tributaries that enter the Yakima above Roza Dam.
Fry emerge from their redds from early May to early August,
and remain in their natural streams until October to February.
They smolt and begin their outmigration in March and April. Data
collected at smolt traps (rotary screw traps) in tributaries indicated
that most of the fish move out of natal tributaries during the winter, then held in the Yakima mainstem until they smolted and migrated downstream in the spring. At that time they were collected
at the Chandler smolt trap (at Prosser Dam).
During the 10-year interval from 1983–1993 a total of 17,133
adult steelhead, comprised of 14,843 wild and 2,290 hatchery fish,
were counted at Prosser Dam. Of these 114 (0.7%) were harvested
in tribal fisheries, 4,357 (25.4%) were harvested in sport fisheries, and 12,662 (73.9%) escaped these fisheries to spawn either in
nature or in hatcheries. During these years escapement ranged
from 31.2–93.7 %.
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WDFW closed steelhead fishing in the Yakima Sub-basin in
1994 to protect wild steelhead. Catch-and-release and selective
gear (lures or flies with single barbless hooks) regulations were
implemented. Anglers were required to release all wild fish with
intact adipose fins. During the 10-year interval 1994–2003, a total
of 16,733 adult steelhead, comprised of 16,040 wild fish and 693
hatchery fish, were counted at Prosser Dam. Of those 34 (0.2%)
were harvested in tribal fisheries, 65 (0.4%) were harvested in
sport fisheries, and 16,629 (99.4%) escaped these fisheries to either
spawn in nature of in hatcheries. During these years, escapement
ranged from 95.5–100.0%.
At Prosser Dam, a total of 57,188 steelhead, comprised of 57,188
wild and 2,467 hatchery fish, were counted migrating past the fish
ladder from 1984–2010. During this 27-year interval, the annual
average (range) counts were 2,209 (548–5,805) total steelhead,
comprised of 2,118 (466–5,600) wild and 91 (0–205) hatchery steelhead. The highest counts were in 2009 (5,518 total, comprised of
5,421 wild and 97 hatchery steelhead) and 2010 (5,805 total, comprised of 5,600 wild and 205 hatchery steelhead).
At Roza Dam, a total of 462 steelhead, comprised of 462 wild
steelhead and 0 hatchery fish, were counted migrating past the fish
ladder from 1940–1967. During this 27-year interval, the average
(range) in counts was 17 (0–96) steelhead. A total of 2,269 steelhead, comprised of 2,240 wild and 55 hatchery fish were counted
in the fish ladder at Roza Dam between 1982–2010. During this
29-year interval the average (range) counted was 79 (0–310) total steelhead, comprised of 77 (0–303) wild steelhead and 2 (0–9)
hatchery steelhead. The highest count was made in 2010 (310 total,
comprised of 303 wild and 7 hatchery steelhead).
The difference between the Prosser Dam count and (average 2,209
from 1984–2010; 5,805 in 2010) minus the Roza Dam count (average
79 from 1984–2010; 310 in 2010) indicated that most steelhead in the
Yakima Basin either spawn in the mainstem between the two dams
or in one of the tributaries between the two dams. Approximately
50% of the steelhead entering the Yakima Basin spawn in Satus and
Toppenish creeks, and 33% spawn in the Naches drainage in the
Naches mainstem, Little Naches, Bumping, and America rivers, or
in Rattlesnake Creek (YSFWPB 2004). The remainder spawn in the
Upper Yakima mainstem and tributaries above Roza Dam, such as
the Teanaway River and Taneum and Naneum creeks.
Steelhead redd counts were made by fisheries biologists working
for the Yakama Nation in Satus Creek (1987–1998 to 1990–1991 and
1992–1993 to 2008–2009), Toppenish Creek (1988–1989 to 1989–
1990 and 1996–1997 to 2008–2009), Ahtanum Creek (1999–2000 to
2008–2009), and Naches River (2003–2004 to 2008–2009). The total number of redds counted: averaged (ranged) 3,339 (60–445) per
year in 21 years at Satus Creek, 1,536 (5–355) per year in 15 years at
Toppenish Creek, 84 (1–16) per year in 10 years at Ahtanum Creek,
and 56 (11–140) per year in six years in the Naches River.
Steelhead redds were also counted in tributaries of the Naches
River drainage by WDFW from 2004–2010 (Jim Cummins, WDFW,
Region 3, Yakima, Washington, pers. comm.). Total redds counted
during this seven year interval were 2 in Cowiche Creek (n = 1 year
counted during this interval), 10 in South Fork Cowiche Creek
(n = 1), 61 in Oak Creek (n = 7), 110 in Nile Creek (n = 7), 33 in
Rattlesnake Creek (n = 3), 1 in North Fork Rattlesnake Creek (n = 1),
7 in Little Rattlesnake Creek (n = 1), 69 in Bumping River (n = 4),
96 in Little Naches River (n = 5), 31 in the North Fork Little Naches
River (n = 4), 3 in the Middle Fork Little Naches (n = 2), 1 in the

South Fork Little Naches (n = 2), 6 in Bear Creek (n = 5), and 9 in
Quartz Creek (n = 5). No redds were found in Wildcat Creek (n = 1),
Crow Creek (n = 1), Blowout Creek (n = 2), or Pileup Creek (n = 1).
Densities of rainbow trout in the mainstem Yakima River averaged (ranged) 217 (130–384) fish ⁄ km between 1991–2008 (Temple
et al. 2009). Densities of rainbow trout in the Upper Yakima River
between Roza Dam and the confluence of the Cle Elum River
averaged (ranged) 339 (233–533) fish ⁄ km between 1991–2008
(Temple et al. 2009). Population estimates for this segment averaged (ranged) 32,639 (21,963–60,863) fish ⁄ year during this 18-year
period. The largest rainbow trout captured during these surveys
measured 627 mm (24.7 inches) and weighed 4.9 kg (10.8 lbs.).
Coho salmon spawned in the Upper Yakima mainstem, Cle
Elum, Kachess, and Naches rivers, and Taneum and Umtanum
creeks (Fulton 1970). Historically, about 45,000–100,000 coho returned to spawn annually in the Yakima Basin (Bosch et al. 2007).
By 1970, only a small run of coho persisted in the Upper Yakima
mainstem (Fulton 1970). By 1982 coho were extirpated from the
Yakima River. Since 1985, the Yakama Nation has attempted to reintroduce coho into the Yakima River by using stocks from tributaries of the Lower Columbia River. Between 1997 and 2006, the
total number of coho salmon smolts planted at approximately 20
locations in the upper and middle Yakima mainstem and tributaries numbered 3,882,573 fish (Dunnigan 1999, 2002; Temple et al.
2009). During this 10-year interval the number of coho planted averaged (ranged) 388,257 (299,129–498,000) per year. Coho brood
stock that supported these releases were predominately from lower
Columbia hatcheries where they had been under culture for several generations. These fish were typically released in the Upper
Yakima or Naches Rivers.
Instead of continuously reintroducing the lower river stocks,
the tribe is attempting to use artificial genetic selection by spawning fish that have homed successfully back to the Yakima River,
in an attempt to create a Yakima River coho stock. The reasoning
behind this is that of the lower river stock, which only have to migrate about 200–250 km to reach their spawning tributaries in the
Lower Columbia River, may lack the stamina to migrate the necessary 550–700 km to home successfully back to the upper Yakima
or Naches Rivers. By artificially breeding fish that have successfully
returned to the Yakima River, they hope to be selecting for genes
associated with sufficient stamina to migrate the longer distance.
From 1998–2001, adult coho returns to the Yakima River averaged
approximately 5,000 fish, including about 1,500 from parents that
had spawned naturally in the Yakima (Dunnigan 2002). Bosch et
al. (2007) determined that smolt to adult survival of naturally produced coho was 3.5–17 times higher than smolt to adult survival of
hatchery produced coho in the Yakima River, and that the body
weight and egg weight of naturally produced females was significantly greater than hatchery females.
No coho were counted at Prosser Dam from 1983–1991 because
they were extinct in the Yakima Basin by 1982. They began to appear again in 1992 and in every year after that to 2010 coinciding
with the Yakama Nation’s effort to restore them in the Yakima Basin.
From 1992–2010 a total of 52,070 adult coho and 6,274 jack coho
were observed migrating through the Prosser ladder. During this
19–year interval the annual average (range) of coho counted at
Prosser was 2,741 (137–6,518) adult coho and 330 (3–1,826) jack coho.
At Roza Dam a total of 13,236 coho were counted during a 28year period from 1940–1967. The annual average (range) of coho
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counted at Roza Dam during this period was 473 (0–2,563). By
the time counts resumed at Roza Dam in 1982 (until the present
2010), no coho were counted at Roza Dam until 1997 because coho
were extinct in the Yakima Basin by 1982. Their reappearance in
the Roza count in 1997 was due to the Yakama Nation’s efforts to
restore coho in the Yakima Basin. From 1997–2010, a total of 2,213
adult coho and 18 jack coho were counted in the Roza fish ladder.
During this 14-year interval, the annual average (range) of coho
counted was 158 (1–1,164) adults and 1 (0–16) jacks.
Coho salmon have spawned naturally in the Yakima River
Basin since 1998. Coho salmon redd surveys were conducted in the
Yakima River, Naches River, and their tributaries from 1998–2008.
During this 11-year interval, redd counts have totaled 768 in the
Yakima mainstem, 667 in the Naches River, and 1,067 in tributaries.
Redd counts averaged (ranged) 70 (4–142) per year in the Yakima
river, 67 (6–137) per year in the Naches River, and 91 (16–242) per
year in tributaries. Coho redds are difficult to recognize in the
Yakima Basin because they are intermixed with fall Chinook redds
and often occur in gravel pockets underneath cut banks. Coho
adults also constructed redds in Taneum Creek (approximately 58
in 2007, and 72 redds in 2008) (Temple et al. 2009).
The Yakima Sub-basin historically produced about 200,000–
500,000 spring Chinook salmon annually (Bryant and Parkhurst
1950; Davidson 1953; Fulton 1968; YSFWPB 2004). Spring Chinook
used the Yakima mainstem as a migration corridor. They spawned
in the upper mainstem between Ellensburg, Washington and
Keechelus Dam, in the Teanaway River and in the Cle Elum River
below Cle Elum Dam. They also spawned in the Naches River
drainage, in the upper Naches mainstem, and in the Little Naches,
Bumping, and American rivers, and in Rattlesnake Creek. A few
spring Chinook salmon also spawned in the Yakima River below
Roza Dam (Bryant and Parkhurst 1950; Fulton 1968).
Marshall et al. (1995) identified genetic distinctions between
isolated stocks of spring Chinook salmon that occur naturally in
the Yakima Basin:
• The upper Yakima stock that spawns in the upper
Yakima mainstem, Teanaway River, and Swauk Creek,
predominantly at age 4 (83.2%). Spawning peaked from
15 September and 1 October.
• The Naches River stock that spawns in the Naches
River, the Tieton River, and Rattlesnake Creek, predominantly at age 4 (52.3%) or 5 (43.9%). Spawning
peaked between 8–18 September.
• The American River stock that spawns exclusively in
the American River, tributary of the Naches River,
predominantly at age 4 (38.7%) or 5 (57.1%). Spawning
peaked from 8–15 August.
Juvenile spring Chinook salmon in the Yakima River Basin
were studied by Fast (1987, 1988) and Fast et al. (1986a, 1986b, 1991a,
1991b, 1991c). After emerging from their spawning gravels, juveniles
from all three stocks redistributed themselves downstream of their
spawning areas. Some remained in their tributaries, while others
drifted downstream into the Yakima mainstem as far as Sunnyside
Dam. Few Chinook are found below Sunnyside Dam because the
summer temperate of the Yakima River below Sunnyside Dam frequently exceeds 70°F. Chinook salmon behaviorally avoid water at
temperatures ≥ 70°F. Temperatures ≥ 77°F are lethal. The migration following emergence probably served to redistribute spring
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Chinook to reduce competition for food and space during their
year of residence in freshwater before they smolted and migrated
to the sea. Spring Chinook began to migrate as sub-yearlings. Their
counts at the Wapato Dam smolt trap (Naches River) and Roza Dam
smolt trap (upper Yakima River) usually peaked in October and
November (Fast et al. 1991). A few were captured in December at
the Chandler smolt trap (at Roza Dam on the lower Yakima River),
but most remained in the mainstem Yakima River between Marion
Drain (RM 82.6) and Prosser Dam (RM 75.4) before resuming their
migration in April and May of the following spring (Fast et al. 1991).
Counts of Chinook salmon migrating through the fish ladder
at Prosser Dam of the Yakima River were made from 1983–2010.
During this 28-year interval a total of 193,994 adult Chinook and
22,825 jack Chinook were counted. The annual average (range) in
counts was 6,928 (748–23,414) adults and 815 (53–3,451) jacks.
Counts of Chinook salmon migrating through the fish ladder at Roza Dam on the Yakima River were made from 1940–1967
and 1982–2010 (except for 1991). During the first 28-year interval
(1940–1967) a total of 39,850 adult Chinook and 2,192 jack Chinook
were counted. The annual average (range) in counts was 1,423 (69–
5,541) adults and 78 (0–1,123) jacks. During the second 28–year interval (1982–1990 and 1992–2010) a total of 97,569 adult Chinook
and 16,785 jack Chinook were counted. The annual average (range)
in counts was 3,485 (280–11,199) adults and 599 (9–3,479) jacks.
In addition to natural production, artificial production of spring
Chinook salmon began in 1997 with construction of the Cle Elum
Supplementation and Research Facility / Hatchery (CESRF). The
hatchery spawns predominantly wild adult fish, not hatchery adult
fish, in an effort to reduce genetic effects that may lead to domestication. The hatchery raises approximately 810,000 juvenile Chinook
salmon that are outplanted as yearlings at three acclimation sites
on the upper Yakima and Naches rivers. The smolts volitionally migrated downstream from these acclimation sites during the spring.
From 1997–2006, a total of 6,776,682, an average (range) of
667,688 (386,048–841,362) per year of hatchery raised spring
Chinook were released in the upper Yakima Basin. The fish that
provided the eggs were of natural origin that were collected as they
were migrating upstream past Roza Dam. The eggs were hatched
and raised to yearling stage at the hatchery in Cle Elum. The yearlings were transferred to Easton and Clarks Flat acclimation facilities on the Upper Yakima and the Jack Creek acclimation facility
on the North Fork Teanaway River.
A large number of hatchery spring Chinook released into the
Yakima River did not migrate to the Pacific Ocean but instead
precocially matured as yearlings and residualized in the Yakima
River. These fish attempted to spawn with adult fish that returned
from the Pacific Ocean. In 1999 when 466,464 hatchery spring
Chinook were released in the upper Yakima Basin, an estimated
85,640 (18.3%) precocially matured and residualized (Larsen
et al. 2004). In 2000, 2001, and 2002, the numbers of hatchery
Chinook released were 314,450; 328,000; and 428,065 respectively
and the number of fish that precocially matured and residualized
was 131,141, 166,815, and 184,398 respectively (Larsen et al 2004).
These residualized hatchery Chinook are larger than wild spring
Chinook, and ate the same types of prey as wild spring Chinook
and steelhead / rainbow, suggesting that they may be outcompeting wild Chinook and steelhead / rainbow trout for food and space.
Spring Chinook salmon redds in the upper Yakima Basin totaled
51,300 from 1981–2010. During this 30-year interval the average
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(range) red count was 1,061 (105–3,349) in the Upper Yakima mainstem, 130 (12–466) in the Cle Elum River, 25 (0–253) in the Teanaway
River, and 484 (54–1,312) in the Naches River system. In the Naches
system the average number (range) of redds was 179 (25–543) in the
Naches mainstem, 48 (6–110) in the Little Naches River, 156 (11–464)
in the American River, and 111 (6–278) in the Bumping River.
No sport fishing of Yakima River spring Chinook salmon was
allowed between 1960–1999. A small sport fishery was allowed in
2000 and several years since, corresponding with improvements
in the adult run size. Based on estimates from WDFW creel surveys conducted from 2000–2002, a total of 2,652 were harvested
by sport anglers in the Yakima Basin; an average (range) of 884
(100–2,024) per year. Only hatchery Chinook with adipose fin
clips are permitted to be harvested by anglers. Wild fish with adipose fin intact must be released. No fishery was allowed in 2003
due to low run size, but sport fisheries have been allowed in most
years since then.
Yakama Nation fisheries have been allowed for spring Chinook
salmon in the Yakima River because tribal members have Treaty
Rights that entitle them to take half of the harvestable surplus of
fish. Since the Yakima River spring Chinook are harvested by nonIndian commercial fisherman in the Pacific Ocean and Columbia
River below Bonneville Dam, the Yakama Nation is entitled to
harvest their share of spring Chinook salmon. From 1982–2003, a
total of 15,819 spring Chinook were harvested by the tribe. During
this 22-year period, tribal harvest averaged (ranged) 719 (25–2,510)
Chinook per year.
During the 18-year interval (1982–1999) when only tribal harvest occurred, the total number of fish harvested by the tribe was
8,179 which was 11.2% of 73,001 spring Chinook that entered the
Yakima River during those years. The average (range) in tribal
harvest rate was 11.2 (1.1–23.8) % of the total run size. During the
4-year interval (2000–2004) when both tribal and sport harvest
occurred, the total number of fish harvested was 10,636 which was
14.9 % of 71,380 spring Chinook entering the Yakima River in those
years. The average (range) in sport and tribal harvest was 14.9 (6.3–
20.6) % of the total run size.
The extent to which fall Chinook salmon historically used the
Yakima River is not known (Fulton 1968), but in 1968 and most
years since then small numbers of fall Chinook have spawned
in the lower Yakima mainstem downstream from Prosser Dam.
Historically, about 38,000–100,000 fall Chinook spawned in the
Yakima River between its confluence with the Columbia River
(RKM 0) to Sunnyside Dam (RKM 166.1) (Ruck 1995; YSFWPB
2004). After Marion Drain was constructed in the early 1900s, fall
Chinook salmon also began spawning there. Marion Drain is an
irrigation return that joins the Yakima River at RKM 132.2.
Yakima fall Chinook are supplemented by hatchery production
from Prosser Hatchery, which is operated by the Yakama Nation.
During the 20-year interval from 1984–2003, the number of fall
Chinook (natural plus hatchery) entering to Yakima River was estimated as totaling 76,868 fish. This included the number counted
in the Prosser Dam fish ladder and those spawning in the mainstem of the Yakima River downstream of Prosser Dam. The annual
average (range) was 3,843 (523–13,376) fall Chinook. The two highest numbers were reported in 2002 (13,672 fish estimated) and 2003
(10,251 fish estimated).
There are two genetic stocks of fall Chinook in the Yakima River
(Hanford Reach fall Chinook and Marion Drain fall Chinook). The

Marion Drain stock is thought to contain genes of the ancestral
stock of fall Chinook that historically spawned in the Yakima River.
Fall Chinook usually rear in the Yakima River for about two
months before migrating to the ocean as sub-yearlings from May–
July. Outmigration is affected by temperature, and may end up to
one month sooner in years when the temperature of the Yakima
River below Prosser exceeds 22.2°C.
Fall Chinook salmon redds were counted from 1980–1997 and
2002–2008. Basin wide, a total of 6,417 fall Chinook redds were
counted during this 28–year period, including 5,050 counted in
the Yakima mainstem, 12 in the Naches River, and 1,355 in Marion
Drain. In 19 years of redd monitoring on the Yakima mainstem
counts averaged (ranged) 266 (11–1,273) per year. In 5 years of redd
monitoring in the Naches River counts averaged (ranged) 2 (0–11)
redds per year. In 22 years of redd monitoring in Marion Drain
counts averaged (ranged) 62 (16–117) redds per year.
The fall Chinook sport fishery on the Yakima River was closed
from 1965 through 1997. In 1998 it reopened. From 1998–2003 anglers fished a total of 87,973 hours to catch 5,081 adult Chinook, 121
jack Chinook, and 232 coho salmon.
Sockeye salmon historically spawned in the Yakima Basin in
tributaries of Keechelus, Kachess, Cle Elum, the three headwater
lakes in the upper Yakima mainstem, and in tributaries at Bumping
Lake at the head of the Bumping River (Fulton 1970). Bumping River
is a tributary of the American River in the Naches River drainage.
Sockeye used these lakes as nursery lakes, migrating into them
shortly after they emerged from their redds and residing in them for
1 or 2 years before migrating downstream to the ocean at age 1.5 or 2.5.
Robison (1957) and Johnston et al. (2007) reported that sockeye were
abundant in the Yakima Basin, with annual returns to these lakes
numbering about 200,000 adults. However, by 1905, sockeye salmon
were extirpated from the Yakima Basin, when irrigation diversion
dams without fish ladders were constructed at the outlets of each
of these lakes (Chapman 1941; Bryant and Parkhurst 1950; Robison
1957; Fulton 1970). The purpose of these dams was to impound spring
runoff water and store it for irrigation later in the summer.
Between 1987 and 1993, the National Marine Fisheries Service,
Northwest Fisheries Science Center, Seattle, Washington, annually stocked about 100,000–350,000 sockeye pre-smolts into Cle
Elum Lake to investigate the feasibility of restoring sockeye to the
Yakima Basin (Flagg et al. 2000). These plants returned a total of
31 adult sockeye at Prosser Dam and 27 adult sockeye counted at
Roza Dam from 1990–1993. These studies indicated that passage
problems occurred at Cle Elum Dam during the smolt outmigration period and that if these problems were corrected by installing mechanical traps and fishways at Cle Elum Dam, that sockeye
salmon could be restored to Cle Elum Lake.
The United States Bureau of Reclamation has recently prepared
a report (Grabowski 2007) aimed at restoring sockeye passage at
Cle Elum Dam. This report estimated that the Cle Elum Lake watershed could produce 400,000 to 1.6 million sockeye smolts annually, and a return of 30,000–50,000 adults annually (Grabowski
2007). Based on the results of this report, the United States Bureau
of Reclamation, in conjunction with the Yakama Nation, is currently working to restore passage for sockeye at Cle Elum Dam.
The Tribe plans to collect 300 pairs of sockeye salmon bound for
the Okanogan River as they migrate through the fish ladder at
Wells Dam (Johnston et al. 2007). They plan to spawn these fish
and rear their eggs at a hatchery until they hatch, then plant the
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fry into Cle Elum Lake. Returning adults would be collected in
the fish ladder at Roza Dam, spawned and their progeny reared
in a hatchery until the fry stage and outplanted in Cle Elum Lake.
Kokanee salmon (Lake Whatcom stock) were introduced
into Rimrock Reservoir, created by construction of the 319 ft
high Tieton Dam on the Tieton River (tributary of the Naches
River). Naturally reproducing populations of kokanee became established in Rimrock Lake, and its tributaries, although extreme
draw downs of Rimrock Reservoir made it necessary to periodically infuse more Lake Whatcom Kokanee into the lake. A fishery minimum storage requirement was eventually established for
Rimrock Reservoir. Water released from the dam on Clear Creek
Lake (located upstream of Rimrock Reservoir) is used to help
maintain this minimum storage requirement in low discharge
years. In normal discharge years water is released from Clear
Creek Dam from mid-August to 5 October to operate a fish ladder
at the dam. Some of the kokanee in Rimrock Reservoir migrate
upstream into Clear Creek for spawning and some even ascend
above Clear Creek Dam to spawn.
Nine distinct bull trout populations and 17 subpopulations
are present in the Yakima Sub-basin (WDFW 1998; USFWS 2003).
These populations are isolated from each other by geographical,
physical, and thermal barriers. Reiss (2003) has shown that genetic variation occurs among bull trout that inhabit the American,
South Fork Tieton and North Fork Teanaway rivers, and Ahtanum,
Box Canyon, Crow, Deep, Gold, Indian, Mineral, Rattlesnake and
Union Creeks. She has shown that bull trout exhibit such precise
homing, that minimal gene flow occurs among sympatric adfluvial
populations that share the same lake but spawn in different tributaries. For example, bull trout that spawn in the South Fork Tieton
River and Indian Creek occur sympatrically in Rimrock Lake but
appeared to be genetically distinctive.
All bull trout populations in the Yakima Basin are naturally
reproducing. No hatchery bull trout are stocked. Resident populations occur in Ahtanum Creek, Taneum Creek, and North Fork
of the Tieton River. Resident / fluvial stocks occur in the American
River, and Crow, Rattlesnake, and Union Creeks (tributaries of the
Naches River) in the Upper Yakima mainstem, and in the North
and West Forks of the Teanaway River. Adfluvial populations occur
in Deep Creek (tributary of Bumping Lake), Cle Elum River (tributary of Cle Elum Lake), Upper Kachess River and Box Canyon Creek
(tributaries of Kachess Lake) Gold Creek (tributary of Keechelus
Lake), South Fork Tieton River and Indian Creek (tributaries of
Rimrock Lake), and Waptus River (tributary of Waptus Lake).
From 1990–1997, Pearsons et al. (1998) captured 59 bull trout in
the North Fork of the Teanaway River, 5 in the upper Yakima River,
1 in Swauk Creek, and 1 in the Naches River.
Bull trout redd counts were made in the Yakima Basin from
1984–2010. During this 27-year interval a total of 10,862 redds were
counted. The average (range) was 402 (36–795) per year, with the
two highest counts made in 2009 (795) and 2010 (744). Bull trout
redd counts were not made in all tributaries until about 1996. In the
16-year interval (1996–2010), average (range) in redd counts was
544 (457–795) per year. Bull trout redds were found in the Upper
Yakima River from Keechelus Dam to Easton, in the North, Middle,
and South Forks of Ahtanum Creek, in the American River, Crow
and Rattlesnake creeks (the fish in these streams make fluvial migration into the Naches River), in the North and South Forks of
the Tieton River and Indian Creek (the fish in these streams made
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adfluvial migration into Rimrock Lake), in the Bumping River and
Deep Creek (the fish in these streams made adfluvial migrations
into Bumping Lake), the North Fork Teanaway River and DeRoux
Creek (some of the fish in these streams made fluvial migrations
into the Teanaway River), Kachess River and Box Canyon Creek
(the fish in these streams made adfluvial migrations into Kachess
Lake), Gold Creek (the fish in this stream made adfluvial migrations into Keechelus Lake), and the Cle Elum River (the fish in this
stream made adfluvial migrations into Cle Elum Lake).
Brook trout occur in the upper Yakima mainstem between
Easton and Keechelus Lake, in the Cle Elum drainage, and in many
of the small tributaries that join the upper Yakima mainstem in
Kittitas County.
Sandroller were collected between RKM 145 and 161 during
electrofishing surveys conducted in 1957 and 1958 (Patten et al.
1970). None were collected between 1958 and 1997 (Pearsons et
al 1998). Two were collected between RKM 12.2 and 20.2 in 1998
(Pearsons et al. 1998).

CRAB CREEK SUB-BASIN
Crab Creek is 262 km (160 mi) long. It arises in western Spokane
County and flows through Lincoln and Grant counties before
joining the Columbia River on its east (left) bank at RKM 657.3
(RM 410.8). The average (minimum-maximum) discharge is
201 (10–936) cfs [6 (0–23) m³ ⁄ sec]. The elevation at the source
is 2,730 ft (832 m) above MSL. The elevation at its junction with
the Columbia River is 489 ft (149 m) above MSL. It flows through
an arid desert. Annual precipitation for the sub-basin averages
25.6 cm (10.1 in). A map and photographs of the Crab Creek subbasin are shown respectively in Figures 5.66 and 5.67.
Crab Creek flows through Moses Lake and Potholes Reservoir.
Crab Creek is subdivided into:
1.

Lower Crab Creek from its confluence with the
Columbia River to the outlet of Potholes Reservoir;

2.

Middle Crab Creek from the outlet of Potholes
Reservoir to Brook Lake; and

3.

Upper Crab Creek from Brookies Lake to its source.

Upper Crab Creek flows from the east to the west in western
Spokane and Lincoln Counties, through a basalt canyon. Many
tributaries flow from the northeast to southwest to join upper
Crab Creek along its north (right) bank. These included Bluestem,
Lords, Duck, Coal, Canniwai, and Wilson Creeks. Rock and Sheep
creeks and the South Fork of Crab Creek join Crab Creek along
its south (left) bank. This landscape was created by Glacial Lake
Missoula flood events (see more details about this in chapter 4).
Middle Crab Creek flows from north to south. In historical
times, the bed of Middle Crab Creek seldom contained any water
between the outlet of Brookies Lake and the inlet of Moses Lake.
Water flowed through this section only during periods of high discharge. At present, Middle Crab Creek is still intermittent throughout much of the year but the Bureau of Reclamation’s Columbia
Basin Irrigation Project has augmented flows. Water flows from
Banks Lake into Billy Clapp Lake, an equalizing reservoir that delivers irrigation water into the main canal which delivers water west towards Euphrata East Low Canal. Irrigation runoff from the East Low
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C

A

B

Figure 5.67

(A) Lower Crab Creek. Photo courtesy of Williamborg, Wikipedia Commons US-PD. (B) Upper Crab Creek showing a section
where the riverbed is dry in the summer. (C) Backpack electrofishing in Bluestem Creek, a tributary of Upper Crab Creek.

Canal is collected in the Rocky Coulee wasteway, which empties
into Crab Creek before Crab Creek enters Moses Lake. Before 1904,
sand dunes blocked the flow out of Moses Lake, so the connection
of Crab Creek to the Columbia River was intermittent. A big flood
event blasted out the sandbank in 1904 and restored connectivity.
Lower Crab Creek flows from east to west along the north side
of the Saddle Mountains. Potholes Reservoir was created from
1947–1949 by construction of O’Sullivan Dam. Irrigation waste
water from the Columbia Basin Project is collected in Potholes
Reservoir and re-used for irrigation. Water flows out of Potholes
through canals and aqueducts that are not connected to Crab
Creek. However, O’Sullivan Dam is an earthen dam. Water seeps
through this dam and creates springs and seep lakes that provide
perennial flow to the 64 km (40 mi) segment of Lower Crab Creek.
Since the Columbia Basin Project commenced in the late 1940s
and early 1950s, the ground water table in Lower Crab Creek has
risen between 50–500 ft. However, during the same time period, the
ground water table in Upper Crab Creek has declined about 150–
180 ft because of increased ground water withdrawals for irrigation.
Historically, the Crab Creek sub-basin was dominated by shrubsteppe vegetation (including sagebrush, rabbit brush, bitter brush,
grease wood, and bunch grass) but at present much of this native
vegetation has been terraformed and converted into irrigated cropland or used for cattle grazing. Nitrate fertilizer, pesticides, and organochlorides in surface water, ground water, and fish tissues are
high and frequently exceed the guidelines to protect aquatic life.
Forty-three species, representing 11 families, of fishes have been
reported in Lower Crab Creek, Moses Lake, and Potholes Reservoir
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(Schultz and DeLacy 1935 / 1936; Chapman 1942; Groves 1951; Starkey
1972; Duff 1974; Lee et al. 1980; WDFW-FWIN 2003, 2004, 2005, 2006,
2007, 2008, 2009, 2010; Burgess 2000, 2002, 2003; KWA Ecological
Sciences, Inc 2004; Osborne et al. 2004d; Petersen 2006), including:
• Acipenseridae: white sturgeon;
• Cyprinidae: chiselmouth, northern pikeminnow, speckled dace,
redside shiner, Tui chub, carp, goldfish, tench, grass carp;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;
• Ictaluridae: yellow bullhead, brown bullhead, channel catfish,
blue catfish;
• Salmonidae: mountain whitefish, lake whitefish, cutthroat trout,
steelhead / rainbow trout, coho salmon, Chinook salmon,
Atlantic salmon, brown trout, brook trout, tiger trout;
• Esocidae: grass pickerel, tiger muskellunge;
• Gadidae: burbot;
• Gasterosteidae: three spined stickleback;
• Cottidae: prickly sculpin, Piute sculpin, mottled sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch, walleye.

KWA Ecological Sciences, Inc. (2004) listed two additional families / species (Petromyzontidae: Pacific Lamprey and Percopsidae:
sandroller) but provided no documentation that they actually occurred in Crab Creek.

Fishes of Eastern Washington: A Natural History

Columbia River Basin Hydrology and Fish Distribution in Eastern Washington

Pacific lamprey occur in the Columbia River adjacent to Crab
Creek. However, radio tracking studies of Pacific lamprey in the
Columbia River showed that they did not enter Crab Creek (Nass et
al. 2003; Grant County PUD 2003). A white sturgeon was caught by
an angler in Moses Lake in the early 1990s and featured in the Moses
Lake Herald newspaper (KWA Ecological Sciences, Inc. 2004). This
fish was most likely illegally introduced into the lake since there
are no records of stocking and no early records that the species was
present in the lake (Schultz and DeLacy 1935 / 1936; Groves 1951).
Tui chub were present in Lower Crab Creek (Schultz and
DeLacy 1935 / 1936) and Moses Lake (Schultz and DeLacy
1935 / 1936; Groves 1951). None were collected in surveys of Moses
Lake made by WDFW in 1978, 1989, and 1999–2002 (Burgess 2000,
2002, 2003). Chiselmouth were also collected in Lower Crab Creek
by Schultz and DeLacy (1935 / 1936) but none have been collected
in any recent survey. Other native minnows (northern pikeminnow, speckled dace, and redside shiner) were more abundant in
earlier surveys than in later surveys. Goldfish and bridgelip suckers were present in Moses Lake from about 1930–1950 (Schultz and
DeLacy 1935 / 1936; Groves 1951) but neither species has been observed in recent surveys (Burgess 2000, 2002, 2003). This demise
of cyprinids (minnows) and catostomids (suckers) is probably related to predation by nonindigenous predators (smallmouth bass,
largemouth bass, yellow perch, walleye, and brown trout).
Carp weighing as much as 19.1 kg (42 lbs) were harvested in
Moses Lake (Groves 1951). A commercial fishery for carp existed
in Moses Lake from about 1917–1977. From 1917–1928, about
80 railroad cars of carp were shipped to markets in New York
and Philadelphia and sold for human consumption (Groves
1951). Surplus carp were held in retention ponds and “fattened
up” by feeding them corn, wheat, chopped carrots, and potatoes.
Commercial fisherman made as much as $29,000 for one season’s
work. Eventually, markets on the east coast failed when carp fisheries closer to those markets became established. Then, a carp reduction plant opened in Moses Lake “whose product [was] dried carp
meal which sold for fish food” (Chapman 1942). Between 1959–1977,
carp harvest in Moses Lake averaged (ranged) about 305 (10–400)
tons annually (KWA Ecological Sciences, Inc. 2004).
Yellow bullhead occur in Moses Lake (Burgess 2000, 2002,
2003). Channel catfish occur in Potholes Reservoir (Osborne et al.
2004d; Petersen 2006) and some of the deep lakes below Potholes
Reservoir e.g,. Lower Goose Lake (Petersen et al. 2001). Blue catfish
(n = 1,250) were stocked in Moses Lake in 1934 but did not establish
natural spawning populations and soon disappeared (Groves 1951).
In 1918 and 1919, the Washington Department of Fish and
Game (WDFG) stocked 148,000 kokanee into Crab Creek in Grant
County (Darwin 1920, 1921a) but plants failed to establish natural
spawning populations. From 1914–1922, WDFG also stocked 10,000
Yellowstone cutthroat trout, 136,600 westslope cutthroat trout
(from Lake Chelan), 265,300 rainbow trout, and 220,000 steelhead
trout into Crab Creek in Grant County (Darwin 1916a, 1917, 1920,
1921a; Dibble and Kinney 1923). In 1929, the United States Bureau
of Fisheries planted 28,000 Yellowstone cutthroat trout (called
Montana black spotted trout) into Moses Lake (Groves 1951). None
of these plants resulted in the establishment of natural spawning
populations. The WDFW stocked Atlantic salmon (in 1975) and
coho salmon (in 1976) into Moses Lake (Burgess 2000). These
species were harvested by anglers for a few years after they were
planted then disappeared.

One Chinook salmon was found in a WDFW survey of Upper
Goose Lake in 2000 (Petersen et al. 2004b). Upper Goose Lake
is one of the seep lakes below the outlet of Potholes Reservoir.
Chinook salmon were native to Lower Crab Creek (Schultz and
DeLacy 1935 / 1936). A study by Bowen et al. (2003) showed that
adult Chinook traveled up Crab Creek as far as Red Rock Coulee
(Crab Creek RKM 42 or RM 26), then into Red Rock Coulee where
they constructed redds. Adult steelhead trout have been caught by
anglers at the confluence of Crab Creek and Red Rock Coulee, but
it is not known if they are reproducing naturally in the Crab Creek
Basin (KWA Ecological Sciences, Inc. 2004).
Lahontan cutthroat trout have been stocked into some of the
seep lakes below Potholes Reservoir, including Upper Goose (Grant
County), Lower Goose (Grant County), and Hutchinson-Shiner
lakes (Adams County) (Petersen et al. 2001; Petersen et al. 2004b;
Schmuck and Petersen 2005a). However, only one Lahontan cutthroat was collected in a 1999 survey of lower Goose Lake (Petersen
et al. 2001) and none were collected during a 2000 survey of Upper
Goose Lake (Petersen et al. 2004b) or during a 2004 survey of
Hutchinson-Shiner Lake (Schmuck and Petersen 2005a).
Mountain whitefish occur in Red Rock Coulee and lake whitefish occur in Moses Lake, Potholes Reservoir, and Red Rock
Reservoir (KWA Ecological Consultants, Inc. 2004; Osborne et al.
2004; Schmuck and Petersen 2005). These fish were likely pumped
up from Lake Roosevelt and distributed to these locations by
Columbia Basin Project waterways.
Grass Pickerel were historically present in Moses Lake (Schultz and
DeLacy 1935 / 1936; Groves 1951) but they have since been extirpated.
Tiger muskellunge were formerly stocked in Red Rock Reservoir until some escaped below a fish migration barrier at the outlet, entered
the Columbia River, and were harvested by an angler in the Hanford
Reach. After this incident occurred, tiger muskellunge stocking in Red
Rock Reservoir was discontinued. Tiger muskellunge were caught during a WDFW survey of Red Rock Lake in 1999 (Osborne et al. 2004b)
but not in 2005 (Schmuck and Petersen 2005b).
Threespined stickleback were described as being “ubiquitous”
in Lower Crab Creek (KWA Ecological Consultants, Inc. 2004).
Burbot occur in small numbers in Moses Lake and Potholes
Reservoir (Burgess 2000, 2003; Osborne et al. 2004d; Peterson
2006; WDFW FWIN 2003, 2004, 2005, 2006, 2007, 2008, 2009,
2010). Burbot were likely distributed to these locations via
Columbia Basin Project waterways.
Prickly sculpin and Piute sculpin, were collected in lower Crab
Creek and Moses Lake (Schultz and DeLacy 1935 / 1936; Starkey
1962; Groves 1951). KWA Ecological Consultants, Inc. (2004) reported that mottled sculpin were present in lower Crab Creek but
provided no documentation for this observation.
Lower Crab Creek, Potholes Reservoir, and Moses Lake are
home to large numbers of pumpkinseed, bluegill, smallmouth bass,
largemouth bass, and black crappie, but their numbers have waned
since 1980. Their decline coincided with the appearance of walleye
in the mid 1970s. Attempts to introduce white crappie to Moses
Lake were made in about 1934 / 1935 by the United States Bureau
of Fisheries (Groves 1951) and in 1997 by WDFW (Burgess 2000).
Both attempts failed to establish self-perpetuating populations.
An unknown number of yellow perch were introduced in Moses
Lake by WDFG in 1914 (Darwin 1916a). Additional yellow perch
(n = 8,516) were planted in Moses Lake in 1935 by the United States
Bureau of Fisheries (Groves 1951). They became established in most
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lakes and reservoirs in the lower Crab Creek Basin. From the 1940s
to about 1983, yellow perch dominated the fisheries in Moses Lake
and Potholes Reservoir. In many years more yellow perch were harvested in both water bodies than any other species. For example,
from 1 March 1971 to 28 February 1972, yellow perch comprised
56% (n = 134,288 of 239,834) total fish caught by anglers in Potholes
Reservoir (Duff 1974). From 1 March 1972 to 28 February 1973, yellow
perch comprised 64.8% (n = 312,314 of 481,680) total fish harvested by
150,072 anglers who fished in Potholes Reservoir (Duff 1974). From 8
April 2001 through 8 March 2002, yellow perch comprised of 75.9%
(n = 899,713 of 1,184,235) fish caught by 94,922 anglers who fished
Potholes Reservoir (Petersen 2006). In 1983, yellow perch comprised
36.8% (n = 62,409 of 169,269) fish harvested by 117,970 anglers fishing
in Moses Lake (Burgess 2000). Bluegill (n = 18,742) were also caught.
Prior to 1983, no walleye were observed in Moses Lake creel surveys. Walleye were noticed in 1983 when 357 were harvested by anglers.
By 1991, walleye accounted for 12% of relative abundance harvested by
anglers fishing in Moses Lake (n = 2,484 of 20,841 total fish harvested
by 42,668 anglers). Yellow perch (n = 759), black crappie (n = 0), and
bluegill (n = 275) respectively accounted for 4%, 0%, and 1% of the relative abundance of fish harvested by anglers. The inference is that as the
abundance of walleye predators grew, the abundance of forage fishes
(yellow perch, black crappie, and bluegill) declined precipitously.
Upper Crab Creek flows through a basalt canyon that was
scoured out by the erosive force of Glacial Lake Missoula flood
events at the end of the Pleistocene. As a result of the coarse glacial
alluvium deposited in the Crab Creek Valley, the stream exhibits
the quirky behavior of flowing through its channel during the runoff season, but during the summer low flow season it sinks into
the ground at numerous locations, leaving the bed of the river dry.
The river flows underground and reemerges in its channel in other
sections. This keeps the water in the creek cold, despite flowing
through an arid desert where the summer daytime high air temperature frequently exceeds 32.2°C. For example, when the stream
was surveyed at Rocky Ford, north of Ritzville, Washington from
29–31 July 1908, the water temperature was a bone chilling 11.6°C,
and trout were abundant (Evermann and Nichols 1909).
The fish fauna of the Upper Crab Creek Basin is comprised of 8
families and 23 fish species that occur in western Spokane, Lincoln,
and eastern Grant Counties. Species include:
Cyprinidae: chiselmouth, Tui chub, northern pikeminnow,
speckled dace, redside shiner, carp;
Catostomidae: bridgelip sucker,
Ictaluridae: brown bullhead;
Salmonidae: Yellowstone cutthroat trout, westslope cutthroat trout,
rainbow trout (both native, interior redband, and hatchery
rainbow trout), kokanee salmon, brown trout, brook trout);
Esocidae: grass pickerel;
Cottidae: prickly sculpin, slimy sculpin, mottled sculpin;
Centrarchidae: pumpkinseed, bluegill, largemouth bass, black
crappie;
Percidae: yellow perch.

The fishes of Upper Crab Creek were described by Strong (1906);
Evermann and Nichols (1909); Hubbs and Schultz (1932); Schultz
and DeLacy (1935 / 1936); Trotter (1997); Scholz (2002, 2003); Divens
and Phillips (2002); Divens and Osborne (2005), Moran and Divens
(2006). Everman and Nichols (1909) sampled one site, Rocky Ford,
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north of Ritzville, Washington. University of Washington biologist
L. P. Schultz sampled 4 sites in the Crab Creek mainstem and one
in Wilson creek in the early 1930s (results reported in Schultz and
DeLacy 1935 / 1936). Scholz (2002, 2003) sampled 36 sites in the Upper
Crab Creek mainstem and tributaries, in 2001 and 2002, including:
Upper Crab Creek mainstem (n = 12), South Fork (n = 2), Coal Creek
(n = 5), Bluestem Creek (n = 2), Edwall Creek (n = 2), Lords Creek
(n = 1), and Wilson Creek (n = 3) Sheep Creek (n = 2), Lake Creek
(n = 1), Rock Creek (n = 5). Coffeepot Lake, Upper end Lower Twin
Lakes, and Deer Springs Lake, a chain of lakes in the Lake Creek
drainage, were respectively sampled by Divens and Phillips (2002),
Divens and Osborne (2005), and Moran and Divens (2006).
Native salmonid fishes, probably resident interior rainbow (redband) trout, were present in Crab Creek long before it was first
stocked with various species of trout (Strong 1906, Trotter 1997).
Evermann and Nichols (1909) named a new species of salmonid that
occupied Crab Creek at Rocky Ford (north of Ritzville in Lincoln
County) Salmo eremogenes, the Crab Creek trout. Eremogenes was
derived from the Greek root, Erem-o, which means “a lonely place”
which is an apt description of the Rocky Ford site. Evermann and
Nichols (1909) placed S. eremogenes in the cutthroat series on account of its yellow to bright red cutthroat marks underneath the
jaw, more spots in the caudal region than the head region, numerous large black spots below the lateral line on the caudal peduncle,
few spots below the lateral line in the anterior region, about 165–175
scales along the lateral line, and large tongue teeth. The noted trout
taxonomist R. J. Behnke re-examined the specimens of Salmo eremogenes at the United States National Museum, where Evermann
and Nichols had deposited them (USNM 62960), and concluded that
they were Yellowstone cutthroat trout Oncorhynchus clarki bouvieri. Behnke speculated that since some populations of Yellowstone
cutthroat trout were native to Waha Lake, in the Clearwater River
drainage, Idaho that they could have moved by two headwater
transfers, first into the Palouse River and then into Crab Creek. The
Clearwater is separated from the Palouse River and the Palouse
River is separated from Crab Creek by nearly imperceptible divides.
I have a simpler explanation for the presence of Yellowstone
cutthroat trout in Crab Creek. In 1900, the United States Fisheries
Commission (USFC) stocked 4,000 “black spotted trout” (i.e. Henrey’s
Lake Yellowstone cutthroat trout) raised at Bozeman National Fish
Hatchery into Lake Creek near Harrington, Washington (Ravenel
1901). Lake Creek is a tributary of Crab Creek. Seven chain lakes
interconnected by Lake Creek join Crab Creek during high and
normal runoff years. In low water years, Lake Creek sinks into the
ground before reaching Crab Creek. In 1901, the USFC stocked
4,000 Yellowstone cutthroat (black spotted trout) raised at Bozeman
National Fish Hatchery into a fish pond near Davenport, Washington
(Titcomb 1905). The source of Bluestem Creek, a headwater tributary
of Crab Creek, is just south of Davenport. High precipitation / runoff occurred in 1900, 1902, 1904, 1906, and 1907, so it appears that
Yellowstone cutthroat could have been dispersed from the locations
where they were stocked into the Crab Creek mainstem where they
were collected in 1908 by Evermann and Nichols (1909). Thus, I believe that it is probable that the Yellowstone cutthroat trout found in
Crab Creek were introduced rather than a native inhabitant as Behnke
suggested, and that their subsequent extinction represents a failed
introduction instead of the extirpation of an indigenous population.
Moreover, this new information supports Behnke’s (1992) classification and distribution of cutthroat subspecies in the Pacific Northwest
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because it erases a problematical (anomalous) natural distribution
record for the Yellowstone subspecies in Crab Creek. Behnke (1992)
speculated the cutthroat trout were mostly found in areas above barrier falls which prevented contact with anadromous steelhead trout.
Extensive plants of salmonids were made by WDFG between
1907–1922. Brook trout (n = 637,400), rainbow trout (Spokane
hatchery stock) (n = 521,400), westslope cutthroat trout (Lake
Chelan stock raised at the Spokane Fish Hatchery) (n = 261,070),
and kokanee salmon (Lake Whatcom stock) (n = 92,500) were
stocked by WDFG into the Crab Creek mainstem in Lincoln county
during those years (Riseland 1909; Darwin 1916a, 1917, 1920, 1921a;
Dibble and Kinney 1923). Also 156,000 brook trout were planted
into Wilson Creek, Tributary of Crab Creek, in Lincoln and Grant
counties, between 1915 and 1920 (Darwin 1917, 1920, 1921a).
Additional rainbow trout were stocked annually into Crab, Wilson,
Coal, and Bluestem creeks between 1946–1949 (n = 51,383), 1950–1959
(n = 44,715), 1960–1969 (n = 28,728), 1970–1979 (n = 43,254), 1980–1989
(n = 25,857), 1990–1999 (n = 17,450), and 2000–2002 (n = 4,522). Since
1951, additional plants of rainbow trout were made annually into
some of the chain lakes in the Lake Creeks drainage (Coffeepot, Deer
Springs, Pacific and Upper (North) Twin Lakes). Furthermore, in
2001, Coffeepot and Upper Twin Lakes received 5,000 rainbow trout
each, and Deer Springs and Pacific Lakes received 8,000 rainbow trout
each. Some of the Coffeepot Lake rainbows have developed a natural
spawning population by migrating up the inlet (Lake Creek) to spawn
(C. Donley, WDFW Spokane, Washington, pers. comm.). Eleven
gravid, ripe, or spawned out males ranging from 465–591 mm TL, 22
gravid, ripe, or spawned out females ranging from 456–545 mm TL,
and 32 immature rainbow trout ranging from 105–256 mm TL were
captured in Lake Creek a short distance above Coffeepot Lake during
a backpack electrofishing survey conducted in 2001 (C. Donley, Ibid).
WDFW has planted the Upper Crab Creek mainstem with
brown trout in 11 years between 1949–2006. Most of these were
released at the bridge at Rocky Ford. Some were put into Wilson
and Bluestem Creeks. They have not established self-reproducing
populations anywhere in the Crab Creek basin because Scholz
(2002, 2003) collected only large brown trout (<140 mm TL) and
not any small ones that could have been naturally reproducing. In
contrast, rainbow trout as small as 19 mm were collected, indicating that they were reproducing successfully in Crab Creek since
WDFW has not stocked any rainbow that small into Crab Creek.
The naturally reproducing rainbow trout appear to belong to a native interior strain of redband trout rather than the Spokane hatchery
strain, which was derived from predominately coastal steelhead from
the McCloud River, tributary of the Sacramento River, California.
The native redband trout, and the naturally reproducing trout in
Crab Creek, share the following suite of characters. They have faint to
bright yellow, red, or orange marks underneath their jaws (similar to
cutthroat trout). They have a red lateral stripe along their lateral line.
The tips of their dorsal, anal, and caudal fins are light colored (white,
yellow, or orange). In specimens that have parr marks, the parr marks
are elliptical with supplementary rows usually present. Teeth on
tongue were well developed. Basibranchial (hyoid) teeth were often
present but weakly developed. They have relatively small scales with
135–160 scales in lateral line row. In contrast, Coastal rainbow and
rainbow trout from the Spokane hatchery share the following traits.
They lack colored marks underneath the lower jaw. They have a red
stripe along the lateral line. The tips of their dorsal, anal and caudal
fins are not tipped in light colored (white, yellow, or orange) pigments.

In specimens that have parr marks, the parr marks are rounded with
supplementary rows usually absent. Teeth on tongue were weakly developed. Basibranchial (hyoid) teeth were absent. They have relatively
large scales with usually about 115–130 in the lateral line row.
Since the rainbow in the upper Crab Creek basin appeared to be native rainbow and because over 200,000 hatchery coastal rainbow have
been stocked between 1944 to present, Eastern Washington University
(EWU) in 2002, at the request of the Bureau of Land Management,
helped to determine the genetic ancestry of the Crab Creek rainbow.
Crab Creek is characterized by having numerous waterfalls and
dry stretches that act as migration barriers that isolate naturally
spawning rainbow population within the drainage. The Wilson Creek
population was isolated from Crab Creek by a barrier falls (Wilson
Creek Falls) and the Coal Creek population was isolated from Crab
Creek by a reach near the mouth of the creek that subsurfaces and
flows underground into Crab Creek. We collected genetics samples
from 100 rainbow in the Crab Creek mainstem, 68 in Wilson Creek,
and 21 in Coal Creek, by using a paper hole punch to punch out a
piece of tissue from the dorsal fin and preserved each sample in 100%
ethanol. EWU then sent the preserved samples to the WDFW Fish
Genetics Laboratory in Olympia, Washington for genetic analysis. In
the lab, the samples were examined at 16 microsatellite DNA loci, and
compared to 5 known populations of redband trout, 4 rainbow trout
hatchery strains derived from McCloud River, California steelhead
(including the Spokane hatchery stock used for stocking Crab Creek),
and 1 population derived from Spokane hatchery that had developed
a wild spawning population in a natural stream (Bettles 2004). The
Crab Creek, Wilson Creek, and Coal Creek samples appeared to be
genetically divergent from one another, suggesting that there was
little gene flow between these populations, which was consistent
with their geographic isolation from one another (Beetles 2004). The
Crab Creek and Wilson Creek populations were more similar to the
5 inland redband populations than either the 4 hatchery populations
or the wild spawning population derived from Spokane hatchery
stock, indicating their interior redband ancestry (Beetles 2004). The
Coal Creek population was most similar to the coastal steelhead
stock from the Spokane hatchery, suggesting introgression of genes
from the hatchery fish into the Coal Creek population.
Scholz (2002, 2003) conducted the most comprehensive electrofishing surveys in the Upper Crab Creek basin to date, in 2001 and
2002. He sampled 36 sites (including 12 in Crab Creek, 3 in Wilson
Creek, 1 in Lake Creek, 5 in Coal Creek, 2 in South Fork Crab
Creek, 2 in Sheep Creek, 5 in Rock Creek, 2 in Edwall Creek, and 2
in Bluestem Creek) and collected a total of 3,622 fishes representing
12 species (Table 5.54). Relative abundance was > 0.1% chiselmouth
(n = 1) 57 mm TL, 1.6% northern pikeminnow (n = 58) 77–444 mm TL,
32.5% (n = 1,777) 28–102 mm TL, 29.5% (n = 1,068) 32–160 mm TL,
>0.1% carp (n = 3) 77–350 mm TL, 15.9% bridgelip sucker (n = 577)
45–360 mm TL, 16.3% rainbow trout (n = 605) 16–598 mm TL),
2.0% brown trout (n = 73) 140–583 mm TL, 0.7% brook trout (n = 28)
60–286 mm TL, 0.2% prickly sculpin (n = 23) 27–82 mm TL, 0.2% slimy
sculpin (n = 8) 34–74 mm TL), and > 0.1% bluegill (n = 1) 67 mm TL.
Table 5.54 shows the distribution of each species in the mainstem
and tributaries of Upper Crab Creek collected during Scholz’s (2002,
2003) surveys. Chiselmouth were collected at 1 of 12 sites sampled in
the Crab Creek mainstem. Carp were collected at 2 of 12 sites sampled
in the Crab Creek mainstem. Northern pikeminnow were collected at
6 of 12 sites sampled in the Crab Creek mainstem, 2 of 3 sites in Wilson
Creek, and 1 of 2 sites in Lords Creek. Speckled dace were collected at
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Total

Centrarchidae

Cottidae

Ictaluridae
Salmonidae

Cyprinidae

Total
Location
# sites sampled

Centrarchidae

Cottidae

Ictaluridae
Salmonidae

Cyprinidae

147–286

77–349
35–102
40–166
73–360
19–503

TL range
(mm)

northern pikeminnow
speckled dace
redside shiner
bridgelip sucker
rainbow trout
brown trout
brook trout
prickly sculpin
slimy sculpin
bluegill
101 100.0%

0 0.0%
29 28.7% 40–82
0 0.0%
0 0.0%
56 55.4% 82–180
0 0.0%
16 15.8% 60–200
0 0.0%
0 0.0%
0 0.0%

chiselmouth
carp

TL range
(mm)

1517 100.0%
Sheep Creek
2

RA (%)
0.0%
0.0%
2.4%
7.2%
40.0%
27.0%
22.9%
0.0%
0.4%
0.0%
0.0%
0.0%

n RA (%)
0 0.0%
0 0.0%

chiselmouth
carp
northern pikeminnow
speckled dace
redside shiner
bridgelip sucker
rainbow trout
brown trout
brook trout
prickly sculpin
slimy sculpin
bluegill

n
0
0
37
109
607
410
348
0
6
0
0
0

Crab Creek
12
RA (%)
0.0%
0.0%
2.1%
31.2%
15.0%
8.9%
20.8%
22.0%
0.0%
0.0%
0.0%
0.0%
131–237
28–92
32–101
91–250
68–443
140–583

TL range
(mm)

TL range
(mm)

5.4% 204–444
7.0%
46–72
50.4% 41–145
29.1% 64–234
8.1% 161–381
0.0%
0.0%
0.0%
0.0%
0.0%

RA (%)
0.0%
0.0%

258 100.0%

14
18
130
75
21
0
0
0
0
0

n
0
0

327 100.0%
Lords Creek
2

n
0
0
7
102
49
29
68
72
0
0
0
0

Wilson Creek
3
TL range
(mm)

0.0%
53.3%
30.4%
9.3%
0.9%
0.0%
0.0%
3.6%
0.9%
0.3%

27–82
34–53
67

35–92
40–150
86–236
90–374

TL range
RA (%) (mm)
0.3%
57
0.9% 77–350

Rock Creek
5

RA (%)

332 100.0%

0
177
101
31
3
0
0
12
3
1

n
1
3

0

n

Lake Creek
1
TL range
RA (%) (mm)
0.0%
0.0%
0.0%
87.9% 37–81
0.0%
0.0%
12.1% 34–598
0.0%
0.0%
0.0%
0.0%
0.0%

TL range
(mm)

0.0%
72.4% 31–86
10.4% 33–103
0.0%
16.7% 45–364
0.0%
0.5% 140–256
0.0%
0.0%
0.0%

RA (%)
0.0%
0.0%

366 100.0%

0
265
38
0
61
0
2
0
0
0

n
0
0

314 100.0%
Edwall Creek
2

n
0
0
0
276
0
0
38
0
0
0
0
0

Coal Creek
5

46–74

TL range
(mm)

0.0%
50.0%
35.6%
8.0%
2.5%
0.2%
1.0%
2.7%
0.0%
0.0%

RA (%)
0.0%
0.0%

41–70
45–272
45–272
100–324
271
92–216
NR

TL range
(mm)

100.0%
Bluestem Creek
2

RA (%)
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
100.0%
0.0%

402 100.0%

0
201
143
32
10
1
4
11
0
0

n
0
0

5

n
0
0
0
0
0
0
0
0
0
0
5
0

South Fork
2

Distribution of fishes captured in the Upper Crab Creek basin in 2001 and 2002 (Scholz 2002, 2003). n = number sampled RA = relative abundance.

Location
#sites sampled

Table 5.54
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8 of 12 sites sampled in the Crab Creek mainstem, 2 of 3 sites in Wilson
Creek, 5 of 5 sites in Coal Creek, 2 of 2 sites in Sheep Creek, 2 of 3 sites
in Lords Creek, 4 of 5 sites in Rock Creek, 1 of 2 sites in Edwall Creek,
and 2 of 2 sites in Bluestem Creek. Redside shiner were collected at 6
of 12 sites sampled in the Crab Creek mainstem, 2 of 3 sites in Wilson
Creek, 2 of 2 sites in Lords Creek, 3 of 5 sites in Rock Creek, 1 of 2 sites
in Edwall Creek, and 2 of 2 sites in Bluestem Creek. Bridgelip sucker
were collected at 5 of 12 sites sampled in the Crab Creek mainstem, 2 of
3 sites in Wilson Creek, 2 of 2 sites in Lords Creek, 3 of 4 sites in Rock
Creek, and 2 of 2 sites in Bluestem Creek. Rainbow trout were collected
at 11 of 12 sites sampled in the Crab Creek mainstem, 1 of 3 sites in
Wilson Creek, 4 of 5 sites in Coal Creek, 2 of 2 sites in Sheep Creek, 2 of
2 sites in Lords Creek, 1 of 5 sites in Rock Creek, 2 of 2 sites in Edwall
Creek, and 1 of 2 sites in Bluestem Creek. Brown trout were collected
at 2 of 3 sites sampled in Wilson Creek and at 1 of 2 sites in Bluestem
Creek. Brook trout were collected at 1 of 12 sites sampled in the Crab
Creek mainstem, at 2 of 2 sites in the South Fork , 1 of 2 sites in Edwall
Creek, and 2 of 2 sites in Bluestem Creek. Prickly sculpin were sampled
at 3 of 12 sites sampled in the Crab Creek mainstem and at 1 of 2 sites
in Edwall Creek. Slimy sculpin were collected at 2 of 12 sites sampled
in the Crab Creek mainstem and 2 of 2 sites in the South Fork. Bluegill
were collected at 1 of 12 sites sampled in the Crab Creek mainstem.
Schultz and DeLacy (1935 / 1936) also collected redfin (grass) pickerel at
Sylvan Lake, an enlargement of Crab Creek, near Odessa, Washington.
Fish collected during fish surveys of Coffeepot, Deer Springs,
Upper Twin, and Lower Twin Lake (Divens and Phillips 2002;
Divens and Osborne 2005; Moran and Divens 2006) included
brown bullhead, rainbow trout, pumpkinseed sunfish, largemouth
bass, black crappie, and yellow perch. The same six species occurred in each lake. Additionally, brown trout were collected in
Deer Springs Lake (Moran and Divens 2006).
WDFW creel survey statistics were compiled for Wall Lake
(1953, 1954, 1955, 1958), North Twin Lake (1996), Coffeepot Lake
(2001), Deer Springs Lake (1958–1972), and Pacific Lake (1951–1952,
1954–1955, 1958, 1962–1972), During these intervals, 88 anglers interviewed caught 291 rainbow trout and 82 yellow perch in Wall
Lake; 2 anglers caught 4 rainbow trout in North Twin Lake; 1 angler caught 2 rainbow in Coffeepot Lake; 1,106 anglers caught 5,159
rainbow trout, 12 largemouth bass, 63 black crappie, 8 yellow perch,
3 brook trout, 1 cutthroat trout, and 1 brown bullhead in Deer
Springs Lake; and 663 anglers caught 1,997 rainbow trout, 150 largemouth bass, 150 black crappie, 117 yellow perch, 93 “sunfish”, and 5
brown bullheads in Pacific Lake. In WDFW creel surveys conducted
in Wilson Creek (1950–1958, 1961), 189 anglers interviewed caught
1,156 rainbow trout, 15 brown trout, and 17 brook trout.

WENATCHEE RIVER SUB-BASIN
The name of Wenatchee is derived from the Yakama Indian word
Wenachi, meaning “river flowing from a canyon.” The Wenatchee River,
in Chelan County, arises at the outlet of Lake Wenatchee (elevation
571.5 m, 1,875 ft above MSL) and flows 85 km (53 mi) southeast to its
confluence with the Columbia River (elevation 185.3 m, 608 ft above
MSL) at RKM 752 (RM 470). After leaving the lake it flows approximately 8 km through a narrow canyon (Tumwater Canyon), hence
the Indian name. The sub-basin encompasses 3,452 km² (1,333 sq mi or
849,777 acres). There are two dams on the Wenatchee River. Dryden
Dam is an irrigation diversion dam, at RKM 28.2 (RM 17.6). Tumwater
Canyon Dam, was originally constructed to provide power for an

11.2 km (7 mi) long railroad tunnel near Stevens Pass at RKM 52.3
(RM 32.7). Both dams have fish ladders and anadromous salmonid
adults are counted at Tumwater Dam. A map and photographs of the
Wenatchee Sub-basin are shown respectively in Figures 5.68 and 5.69.
The mean (minimum–maximum) discharge of the Wenatchee
River, measured over an 80 year period of record (1929–2009), at
USGS gauge #1245500 [RKM 34.4 (RM 21.5)] at Peshastin, Washington
was 3,046 (210–41,000) cfs. The mean (minimum–maximum) discharge of the Wenatchee River, measured at Monitor, Washington
[RKM 11.2 (RM 7.0)], was 3,231 (221–45,200) cfs [91 (6–1,280) m³ ⁄ s)].
The Washington Department of Ecology has issued a total of 420 cfs
of water rights permits, 68% of which have been issued to irrigation districts (Chelan County and Yakama Nation 2004). These water
rights frequently exceed the discharge of the Wenatchee River during the late summer low flow period, especially in years with below
average discharge, when the Wenatchee River flow is around 221 cfs.
Principal tributaries of the Wenatchee River include: Nason Creek
(right bank, RKM 85.8 RM 53.6), Chiwawa River (left bank, RKM 77.8,
RM 48.6), Chiwaukum River (right bank, RKM 60.0, RM 35.6), Icicle
Creek (right bank, RKM 50.9, RM 31.8), Chumstick Creek (left bank,
RKM 37.6, RM 23.5), Peshastin Creek (right bank, RKM 32.0, RM
20.0), and Mission Creek (right bank, RKM 16.6, RM 10.4). The Little
Wenatchee River and White Rivers join to form the inlet of Lake
Wenatchee. A number of these tributaries originate in melt waters of
glaciers and snowfields high in the Cascade Mountains.
The Little Wenatchee River flows 40 km (25 mi) from its source
to Lake Wenatchee. A barrier falls at RKM 12.5 (RM 7.4) blocked
migration of anadromous fish above that point. The White River
arises in alpine glaciers and perennial snowfields of the Glacier
Peak Wilderness and flows 42.7 km (26.7 mi) to its confluence with
the Little Wenatchee River a short distance above Lake Wenatchee.
The White River is joined by Sears Creek (RKM 12.3, RM 7.7),
Canyon Creek (RKM 16.0, RM 10.0) Napeequa Creek (RKM 17.6,
RM 11.0), and Panther Creek (RKM 21.0, RM 13.1). The White River
and Napeequa creeks flow through U-shaped glacially carved valleys. Barrier falls at RKM 22.9 (RM 14.3) and RKM 36.8 (RM 23.0)
blocked migration of anadromous fish.
Nason Creek arises at the outlet of Lake Valhalla at an elevation of 1,472 m (4,830 ft) above MSL and flows over a distance of
41.6 km (26.0 mi) to its confluence with the Wenatchee River at an
elevation of 568 m (1,865 ft) above MSL. Gaynor Falls at RKM 26.9
(RM 16.8) blocked fish migration.
The Indian name Chi-wa-wa meaning “last canyon or creek next
to mountains” (Sylvester 1943). The Chiwawa River originates in
the melt waters of five glaciers on the southwestern slopes of the
Entiat Mountains at an elevation of 2,768 m (9,082 ft) above MSL. It
flows 59.2 km (37.0 mi) to its confluence with the Wenatchee River
at an elevation of 564 m (1,850 ft) above MSL. The Chiwawa River
flows through a U-shaped glacially carved valley. There are no serious impediments to migration along its entire length. Tributaries of
the Chiwawa River include: Alder, Big Meadow, Brush, Chikamin,
Rock, Y, Peven, Phelps, and Buck creeks.
Chiwaukum Creek arises in the Alpine Lakes Wilderness. The
Indian name Chiwaukum means “many little streams running into
one big one,” which describe five tributary streams converging at
one point to form Chiwaukum Creek (Sylvester 1943). A barrier
falls at RKM 6.9 (RM 4.3) blocked anadromous fish.
Icicle Creek arises in the Alpine Lake Wilderness at an elevation of 1,427 m (4,681 ft) above MSL and flows 50.9 km (31.8 mi)
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A

B

Figure 5.69

C

D

(A) Wenatchee River. Photo courtesy of Gene Bisbee CC BY 2.0. (B) Wenatchee River in winter. Photo courtesy Ian
McKay © 2010, all rights reserved. (C) Icicle Creek, tributary of the Wenatchee River. Photo courtesy of Peter Prehn CC
BY-NC-ND 2.0. (D) Enchantment Lake. Photo courtesy of Jeff Pang CC BY 2.0.
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to its confluence with the Wenatchee River. There are 14 glaciers
or perennial snowfields and 102 lakes in the Icicle Creek watershed
including the Enchantment Lakes. Several dams on Icicle Creek
are impediments to fish migration. The Leavenworth National Fish
Hatchery has erected an intake diversion dam at RKM 7.2 (RM 4.5)
and a dam at the hatchery outlet at RKM 4.5 (RM 2.8). An irrigation
diversion dam is located at RKM 9.1 (RM 5.7). The Indian name for
Icicle Creek is Naòsik-elt, meaning narrow canyon or gorge. It is
pronunciation by Indians Nasikelt (guttural) sounded like icicle to
the ears of Euroamericans, so it became Icicle Creek (Sylvester 1943).
Chumstick Creek is a relatively short stream, approximately
12.8 km (8 mi) long. Eagle Creek is a tributary that joins Chumstick
Creek at approximately RKM 3.6 (RM 2.0). The name chumstick is
derived from Chinook jargon and means “variegated mark on a
tree” (Sylvester 1943).
Peshastin Creek is derived from the Indian name Pish-Pishastin, a word that means “broad bottom canyon,” which describes
the lower 8–9 miles of this creek. Peshastin Creek arises near
Swuak Pass on U. S. Highway 97. Over its course it is joined by
14 tributaries, Ingalls Creek being the most important. Irrigation
diversion dams at RKM 3.8 (RM 2.4) and RKM 7.7 (RM 4.8) impede
but do not entirely block fish migration.
Mission Creek arises in Devils Gulch on Mission Ridge.
Mission Creek is steeply sloping throughout its course, dropping
about 300 ft ⁄ mile near its headwaters and 100 ft ⁄ mile near its
confluence with the Wenatchee River.
Lake Wenatchee has a surface area of 1,004 ha (2,480 acres),
average depth of 44.8 m (147 ft) and a maximum depth of 74.4 m
(244 ft) The shoreline length around the perimeter is 21.3 km
(13.3 mi). Lake volume is 364,560 acre feet. Lake Wenatchee is
classified as oligotrophic owing to low phosphorus and nitrogen
content and low levels of chlorophyll (poor phytoplankton production). The average summer secchi depth is > 6.1 m (> 20 ft).
A total of 35,020 acres in the Wenatchee Basin are in agricultural production, about 32,650 acres of which are orchards and
vineyards. Beside the consumptive use of Wenatchee River water
for irrigation previously mentioned, the orchards and vineyards
have employed a wide variety of toxic pesticides and herbicides,
many of which were banned decades ago but continue to linger in the environment because they bioaccumulate (become
more concentrated) at they pass up the food chain. In 2007, the
Washington Department of Health (WDOH), based on findings by
the Washington Department of Ecology (WDOE), issued a warning to the public to not eat mountain whitefish caught between the
mouth and approximately RKM 48 (RM 30) of the Wenatchee River
due to contamination by polychlorinated biphenyls (PCBs).
Data on fish distribution in the Wenatchee Sub-basin was
collected by Craig and Soumela (1936, 1941), Chapman and
Quistorff (1938), Fish and Hanavan (1948), Bryant and Parkhurst
(1950), Fulton (1950, 1968, 1970), French and Wahle (1959, 1960),
Fulton and Pearson (1981), Mullan (1984, 1986, 1987), Mullan
et al. (1986, 1992), Fast (1987), Hillman (1989a, 1989b), Hillman
and Chapman (1989), Chapman (1989), Peven (1990, 1992, 2003),
Hays and Peven (1991, 1993), Peven et al. (1994), Chapman et al.
(1994a, 1994b, 1995a, 1995b), Mongillo and Hallock (1995), Peven
and Truscott (1995), Petersen et al. (1995), Peven and Mosey
(1996a, 1996b), Hillman and Miller (1996, 1997, 1999, 2000, 2002a,
2002b, 2003, 2004a, 2004b, 2005), Rife and Hoskins (1998), Mosey
and Murdoch (1998, 2000), Murdoch et al. (1998a, 1998b, 1998c,
390

2000, 2003), Dunnigan (1999), Mosey and Murphy (2000, 2002),
Andonaequi (2001), Murdoch (2001), Murdoch and Dunnigan
(2002), Murdoch and La Rue (2002), Murdoch and Viola (2002),
Grassel (2003, 2004), Miller (2003, 2004), Murdoch and Kamphaus
(2003), Murdoch et al. (2004a, 2004b, 2005, 2006a, 2006b, 2006c),
Kamphaus and Murdoch (2004a, 2004b, 2005, 2007, 2008), Miller
and Schonning (2004, 2005), Chelan County and Yakama Nation
(2004), Schoolcraft and Grassel (2005), and Kamphaus et al. (2006).
Collectively, these researchers have identified 8 families and 32 species of fishes that occurs in the Wenatchee Basin, including:
• Petromyzontidae: Pacific lamprey;
• Cyprinidae: chiselmouth, northern pikeminnow, longnose
dace, speckled dace, Umatilla dace, redside shiner, tench;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker, mountain sucker;
• Salmonidae: mountain whitefish, Yellowstone cutthroat trout
(historical only), westslope cutthroat trout, coho salmon,
steelhead / rainbow trout, sockeye / kokanee salmon,
Chinook salmon (spring and summer / fall runs), bull trout,
brook trout, lake trout;
• Gasterosteidae: three-spined stickleback;
• Cottidae: prickly sculpin, mottled sculpin, Paiute sculpin,
shorthead sculpin, slimy sculpin, torrent sculpin;
• Centrarchidae: smallmouth bass, black crappie; and
• Percidae: yellow perch.

Fish species reported to occur in the Wenatchee mainstem included Pacific lamprey, chiselmouth, northern pikeminnow, longnose, speckled, and Umatilla dace, redside shiner, bridgelip, largescale and mountain sucker, mountain whitefish, westslope cutthroat
trout, coho salmon, steelhead / rainbow trout, sockeye salmon,
Chinook salmon (spring and summer fall runs), bull trout, brook
trout, threespined stickleback, prickly, Piute, shorthead, slimy, and
torrent sculpin, smallmouth bass, black crappie, and yellow perch.
Fewer fish species occurred in tributaries. Above Lake
Wenatchee, in the Little Wenatchee and White rivers, species reported included: northern pikeminnow, redside shiner, unidentified suckers, mountain whitefish, westslope cutthroat trout, coho
salmon, resident rainbow trout, sockeye / kokanee salmon, spring
Chinook salmon, bull trout, brook trout, and unidentified sculpin.
In tributaries that enter the Wenatchee River below Lake
Wenatchee and upstream of Tumwater Dam, in Nason Creek, the
fish assemblage included: unidentified dace, unidentified suckers,
mountain whitefish, westslope cutthroat trout, coho salmon, resident rainbow trout, spring Chinook salmon, bull trout, brook trout,
and unidentified sculpin. In the Chiwawa River, fish species present included: bridgelip, largescale, and mountain suckers, mountain whitefish, westslope cutthroat trout, steelhead / rainbow trout,
spring Chinook salmon, bull trout, brook trout, and unidentified
sculpin. In the Chiwaukum River, fish species present included
westslope cutthroat trout, coho salmon, steelhead / rainbow trout,
spring Chinook salmon, bull trout, and brook trout.
In tributaries that enter the Wenatchee River below Tumwater
Dam, Icicle Creek contained Pacific lamprey, northern pikeminnow,
longnose dace, speckled dace, redside shiner, longnose and bridgelip
sucker, mountain whitefish, westslope cutthroat trout, coho salmon,
steelhead / rainbow trout, spring Chinook salmon, bull trout, brook
trout, lake trout, and unidentified sculpin. Chumstick Creek con-
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tained coho salmon, steelhead / rainbow trout, spring Chinook
salmon, and brook trout. Peshastin Creek contained longnose dace,
speckled dace, unidentified sucker, westslope cutthroat trout, coho
salmon, steelhead / rainbow trout, spring Chinook salmon, bull
trout, brook trout, unidentified sculpin, and black crappie. Mission
Creek contained Pacific lamprey, speckled dace, redside shiner, unidentified sculpin, steelhead / rainbow trout, fall Chinook salmon,
brook trout, unidentified sculpin, and black crappie.
Little is known about the historic distribution of Pacific lamprey in
the Wenatchee Sub-basin. At present, Pacific lamprey are found below
Tumwater Dam but not above it. During 1986 and 1987, all of the tributaries entering the Wenatchee River above Tumwater Dam were surveyed by Hillman and Chapman (1989), who found no Pacific lamprey
in them. Mullan et al. (1992) and Peven (2003) also found no Pacific
lamprey in the mainstem or tributaries upstream of Tumwater Dam.
From 1999–2010, the average in number of adult Pacific lamprey ascending the ladder at Tumwater Dam was 0. The average
number of juvenile Pacific lamprey captured in downstream migration traps (rotary screw traps) set in the Wenatchee mainstem
and tributaries upstream of Tumwater Dam was 0 in the Lake
Wenatchee trap (operated from 1997–2009, 0 in the Chiwawa
River trap (operated from 1997–2009), and 0 in the Nason Creek
trap (operated from 2004–2006).
In contrast, adult Pacific lamprey, ammocoetes larvae and
transforming macropthalmia stage lamprey have been collected
in the mainstem of the Wenatchee River from RKM 0–27 (Peven
2003; BioAnalyst, Inc. 2006). The number (range) of Pacific lamprey captured in downstream migration traps set in the Wenatchee
mainstem downstream from Tumwater Dam (near Monitor,
Washington) captured an average of 557 ammocoetes larvae of
Pacific lamprey between 2000 and 2009. The total number captured during this interval were 5,574 ammocoetes larvae.
Redside shiner in the Wenatchee River occupied the same habitat as juvenile Chinook salmon, were aggressive toward Chinook
parr and may have been competing with Chinook salmon for food
and / or space (Hillman 1991). In colder water salmonids fared better than redside shiners, but in warmer water shiners fared better
than the Chinook.
Resident westslope Cutthroat trout inhabit cold, mid to high
elevation streams in the Wenatchee Sub-basin. Williams (1998)
documented the presence of westslope cutthroat trout in 280 km
(175 mi) of 82 streams, and in 592 hectares (1,462 acres) of 83 alpine
lakes in the Wenatchee watershed.
Monitoring of salmonids (spring Chinook salmon, steelhead
trout, bull trout, brook trout, cutthroat trout, and mountain whitefish) in the Chiwawa River and its tributaries was accomplished
from 1991–2005 (Hillman and Miller 1996, 1997, 1999, 2000,
2002a, 2002b, 2004a, 2004b, 2005). The number of Chinook redds
counted was 104 in 1991, 302 in 1992, 106 in 1993, 82 in 1994, 12 in
1995, 23 in 1996, 82 in 1997, 41 in 1998, 34 in 1999, 128 in 2000, 1,046
in 2001, 345 in 2001, 111 in 2003, and 253 in 2004. The average redd
count was 191 per year during this interval. The number of age
0 Chinook parr produced in these redds was estimated at 45,483
in 1991, 79,113 in 1992, 55,056 in 1993, 55,240 in 1994, 5,815 in 1995,
16,066 in 1996, 68,415 in 1997, 41,628 in 1999, not estimated in 2000,
114,617 in 2000, 134,872 in 2001, 91,278 in 2002, 45,177 in 2003, and
49,631 in 2004. Average age 0 parr production during this interval was 61,722. Before 2000, most of these fish were found over
44.8 km (31.1 mi) of the Chiwawa mainstem, but from 2001–2005

significant numbers were also found in tributaries, most of them in
Big Meadow, Chikamin, Rock and Phelps creeks. Age 1+ Chinook
smolts were estimated at 563 in 1992, 174 in 1993, 18 in 1994, 13 in
1995, 22 in 1996, 5 in 1997, 63 in 1998, 41 in 1999, not estimated in
2000, 69 in 2001, 32 in 2002, 134 in 2003, 21 in 2004, and 79 in 2005.
The number of age 0 steelhead / rainbow trout present in the
Chiwawa River was estimated at 4,927 in 1992, 3,974 in 1993, 1,410 in
1994, 7,357 in 1995, 4,254 in 1996, 8,823 in 1997, 3,921 in 1998, 5,838 in
1999, not estimated in 2000, 45,727 in 2001, 20,521 in 2002, 18,020 in
2003, 10,380 in 2004, and 11,463 in 2005. Prior to 2000 about 77% of
these fish were found in the Chiwawa mainstem and 21% in tributaries. From 2001–2005, about 63% of these fish were found in the mainstem and 37% in tributaries. The number of age 1+ steelhead / rainbow
trout present in the Chiwawa River system was estimated at 2,522 in
1992, 2,860 in 1993, 5,856 in 1994, 9,517 in 1995, 11,849 in 1996, 6,905
in 1997, 10,587 in 1998, 22,128 in 1999, not estimated in 2000, 10,623
in 2001, 9,092 in 2002, 6,179 in 2003, 8,190 in 2004, and 6,188 in 2005.
Prior to 2000 about 91% of these fish were found in the Chiwawa
mainstem and 9% were found in tributaries. After 2000, about 83% of
these fish were found in the Chiwawa mainstem and 17% were found
in tributaries. The number of age 2+ or greater steelhead / rainbow
trout [trout that were more than 200 mm (8 in) TL] present in the
Chiwawa River was 1,869 in 1992, 768 in 1993, 67 in 1994, 140 in 1995,
78 in 1996, 48 in 1997, 78 in 1998, 33 in 1999, not estimated in 2000,
420 in 2001, 181 in 2002, 49 in 2003, 8 in 2004, and 48 in 2005. Only 9
of these fish were captured in tributaries, all the rest were captured in
the mainstem. Thus, nearly all of the rainbow trout in the Chiwawa
River appear to migrate out of the river at some point in their life
history; very few appear to be classified as residents.
The numbers of juvenile (50–200 mm TL) and adult bull trout
(>200 mm TL) captured in the Chiwawa River system were respectively 299 and 208 in 1992, 158 and 156 in 1993, 90 and 76 in 1994, 97
and 664 in 1995, 79 and 343 in 1996, 220 and 472 in 1997, 300 and
900 in 1998, 130 and 423 in 1999, not estimated in 2000, 505 and
542 in 2001, 217 and 521 in 2003, 196 and 282 in 2003, 140 and 1,507
in 2004, and 125 and 346 in 2005. Most of the juveniles (53%) were
caught in the tributaries and most of the adults (97%) were caught
in the mainstem of the Chiwawa River.
The number of brook trout estimated in the Chiwawa River and
its tributaries was 496 in 1998, 157 in 1999, not estimated in 2000,
193 in 2001, 63 in 2002, 63 in 2003, 61 in 2004, and 72 in 2005. The
number of cutthroat trout estimated in the Chiwawa River and its
tributaries was 96 in 1998, 80 in 1999, not estimated in 2000, 44 in
2001, 49 in 2002, 34 in 2003, 20 in 2004, and 23 in 2005. The number of mountain whitefish observed in the Chiwawa River, Nason
Creek, and the Little Wenatchee River totaled 710 juveniles and
3,010 adults in 2002 (Hillman and Miller 2002b) and 771 juveniles
and 2,793 adults in 2005 (Hillman and Miller 2005).
Prevett (2006) monitored a downstream migration trap in
Nason Creek from 2 March to 12 July, 2005. A total of 10,432 fish
were captured, comprised (by relative abundance) of:
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• Cyprinidae: 4.1% unidentified dace (n = 433), 0.6% redside
shiner (n = 62);
• Catostomidae: 20.2% unidentified sucker (n = 2,111);
• Salmonidae: 3.7% mountain whitefish (n = 383); >0.1% cutthroat trout (n = 2); 29.3% coho salmon (n = 3,054); 21.4%
steelhead / rainbow trout (n = 2,229); 19.9% spring Chinook
salmon (n = 2,078); >0.1% bull trout (n = 3); and
• Cottidae: 0.6% unidentified sculpin (n = 67).
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The historical run size of coho salmon into the Wenatchee
River was estimated at 6,000–7,000 adults (Mullan 1984). They became extinct in the mid-Columbia tributaries by 1949 (Fish and
Hanavan 1948). Between the mid-1940s and mid-1970s, the USFWS
hatched and raised eggs, obtained from stocks of lower Columbia
river coho salmon, at Leavenworth hatchery and released them
into Icicle Creek and the Wenatchee River. These plants failed to
restore natural spawning populations because few adults homed
back to the Wenatchee River. Apparently, lower river stock which
had to migrate about 200–250 km to reach their home streams,
lacked sufficient energy reserves to migrate the 750+ km to reach
the Wenatchee River. Recent, re-introduction efforts by the Yakama
Nation have resulted in natural reproduction in the Wenatchee
River mainstem and several tributaries. The Yakama Nation has
taken a different approach to rebuild coho than the USFWS. They
have used the same stocks of lower river fish used by the USFWS,
but they have put a premium on those few individuals that had
the stamina to return to the Wenatchee River. They have selectively
bred these individuals in an attempt to create a mid-Columbia
(Wenatchee River) brood stock. Instead of continuing to dilute this
brood stock by stocking new lower Columbia stock fish they have
minimized the number of lower Columbia stock planted.
Between 1999 and 2004, the Yakama Nation, in conjunction with
the USFWS, stocked a total of 6,886,234 coho salmon from tributaries of the lower Columbia River, into the Wenatchee Basin, 4,975,289
below Leavenworth National Fish Hatchery (LNFH) in Icicle Creek,
1,470,081 into various acclimation ponds in Nason Creek, 194,894
into the Little Wenatchee River, and 245,221 in Beaver Creek
(Dunnigan 1999; Murdoch and Dunnigan 2000; Murdoch and La
Rue 2002; Murdoch et al. 2004; Murdoch and Kamphaus 2005;
Murdoch et al. 2006a, 2006b, 2006c). The purpose of stocking these
fish was to restore coho salmon in the Wenatchee River. Because
these coho salmon were adapted to migrate only about 250 km up the
Columbia, whereas the Wenatchee River is 752 km from the mouth
of the Columbia there was some concern that many fish would not
have sufficient energy stores to make it back from the Pacific Ocean
to the Wenatchee River. Also these fish had to migrate 85 km up the
Wenatchee River to reach Nason Creek (total distance 837 km) or
of 50.9 km up the Wenatchee to reach Icicle Creek (total distance
802.9 km), it was thought that the fish might become fatigued before
reaching their acclimation sites in Nason and Icicle creeks.
Indeed, this view was supported when fish were trapped in the
fish ladder at Priest Rapids Dam [RKM 635.0 (RM 397.1)] and implanted with radio transmitters, then subsequently tracked until
they spawned (Murdoch et al. 2006b, 2006c). Several of these fish
did not make it out of Priest Rapids or Wanapum reservoirs, and
of those that did and entered the Wenatchee River, many entered
tributaries of the lower river or spawned in the lower Wenatchee
River below Dryden Dam. For this reason, the few fish that
did make it back as far as Dryden Dam, Icicle Creek, or Nason
Creek, were selectively bred in an attempt to create a Wenatchee
River hatchery brood stock. Some of the fish that returned to the
Wenatchee River below or above these sites were allowed to spawn
at each of these locations in an attempt to establish natural spawning populations in the Wenatchee River. It was hoped that by creating a Wenatchee River hatchery brood stock and establishing natural spawning population of coho in the Wenatchee River, there
would be genetic selection for fish that were capable of migrating
longer distances without becoming fatigued. In this fashion, fish
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would become gradually adapted to the local environment of the
Wenatchee River. Eventually, it was hoped that the population of
Wenatchee River stock hatchery fish or naturally produced fish
would become sufficiently large, so that plants of lower river stocks
could be eliminated.
Assessments of the feasibility of re-introducing coho into the
Wenatchee River was made by Dunnigan (1999); Murdoch (2001);
Murdoch and Dunnigan (2002); Murdoch and La Rue (2002); and
Murdoch et al. (2004a, 2004b, 2005, 2006a, 2006b, 2006c).
Coho redds were counted in the Wenatchee River Sub-basin in
2000–2005 (Table 5.55). Total redds counted during this interval
were 1,969 in Icicle Creek, 89 in Nason Creek, 374 in the Wenatchee
mainstem above Dryden Dam, 101 in the Wenatchee mainstem
below Dryden Dam, 82 in Peshastin Creek, 63 in Mission Creek,
1 in Chiwaukum Creek, and 0 in the Little Wenatchee River or
Chumstick Creek.
In addition to the hatchery raised coho salmon planted in
the Wenatchee Sub-basin, natural spawning coho have produced
smolts that have emigrated from the Wenatchee River. The estimated number of naturally produced coho smolts that emigrated
past a smolt trap located in the lower Wenatchee River near
Monitor, Washington was 5,340 in 2001 (Murdoch and La Rue
2001), 17,054 in 2002 (Murdoch and Kamphaus 2003), 36,678 in
2003 (Murdoch et al. 2006a), 5,862 in 2004 (Murdoch et al. 2006b),
and 5,862 in 2004 (Murdoch et al. 2006c).
In 2002, 1,002,326 hatchery coho smolts and 17,054 naturally
produced smolts emigrated out of the Wenatchee River. A total
of 4,137 sexually mature fish returned in 2003, comprised of 4,025
hatchery adults, 65 natural origin adults, and 43 jacks (Murdoch
and Kamphaus 2003).
In 2003, 915,359 hatchery coho smolts and 36,698 naturally
produced smolts emigrated out of the Wenatchee River. A total
of 3,594 sexually mature fish returned in 2004, comprised of 3,375
hatchery adults, 144 natural origin adults and 75 jacks (Murdoch
et al. 2006c).
In 2004, 1,129,052 hatchery coho smolts and 5,821 naturally
produced smolts emigrated out of the Wenatchee River. A total
of 4,110 sexually mature fish returned in 2005, comprised of 3,722
hatchery adults, 52 natural origin adults, and 536 jacks (Murdoch
et al. 2006b).
In 1999, snorkel surveys were conducted in Nason Creek to determine the number of coho salmon that had residualized in the
creek instead of migrating downstream after 75,000 were stocked
at an acclimation site in Nason Creek (Dunnigan 1999). A total of
seven coho were observed in Nason Creek, yielding an estimate of
15–462 coho that had residualized in Nason Creek.
In 2000, snorkel surveys were conducted over 18.3 km of Nason
Creek and 4.5 km of Icicle Creek. Of 76,959 coho released in Nason
Creek no residualized coho were observed. Chinook adults (n = 7),
Chinook sub-yearlings (n = 88), steelhead / rainbow trout (n = 134),
bull trout (n = 2), and cutthroat trout (n = 4) were observed during
the survey of Nason Creek. Of 891,800 coho released in Icicle Creek,
five residualized coho were observed (which was expanded to an
estimate of 25 residualized coho). Chinook adults (n = 3), Chinook
sub-yearlings (n = 120), hatchery Chinook yearlings (n = 5), and
steelhead / rainbow trout were also observed during this survey.
Similar studies were conducted in 2001 (Murdoch and La
Rue 2002). Of 142,291 coho released in Nason Creek, no residuals
were observed. Chinook sub-yearlings (n = 2,393), Chinook adults
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Table 5.55

Coho redds counted in the Wenatchee River Sub-basin, 2000-2005. – denotes not counted.

Year

Icicle
Creek

Nason
Creek

Wenatchee
River above
Dryden Dam

Wenatchee
River below Peshastin Mission
Dryden Dam
Creek
Creek

2000
2001
2002
2003
2004
2005

74
154
21
587
504
629

3
3
1
6
35
41

–
–
–
44
97
193

–
10
5
31
24
31

–
–
11
13
33
25

Total

1969

89

334

101

82

Little
Wenatchee
River

Chiwaukum
Creek

Chumstick
Creek

Reference

–
–
–
25
21
17

–
–
–
0
0
0

–
–
–
0
0
1

–
–
–
0
0
0

1
2
3
4
5
6

63

0

1

0

References: ¹ Murdoch and Dunnigan (2002); ² Murdoch and LaRue (2002); ³ Murdoch et al. (2004); ⁴ Murdoch et al. (2006a); ⁵ Murdoch et al. (2006b);
⁶ Murdoch et al. (2006c).

(n = 41), rainbow / steelhead (n = 1,070), bull trout (n = 5), and cutthroat trout (n = 19) were also observed during these surveys. The
observed counts were expanded to estimate that 8,615 Chinook subyearlings, 146 adult Chinook, 2,145 rainbow / steelhead, 17 bull trout,
and 68 cutthroat trout were present. Of 885,167 coho smolts released in Icicle Creek, 2 residual coho were observed and this count
was expanded to estimate that 10 coho had residualized. Chinook
sub-yearlings (n = 872), Chinook adults (n = 9). Rainbow / steelhead
(n = 320), and bull trout (n = 1) were also observed during these surveys and the counts were expanded to estimate that 4,360 Chinook
sub-yearlings, 45 Chinook adults, 1,600 rainbow / steelhead, and 5
bull trout were present during these surveys.
Coho enter the Wenatchee River from early September to late
November and spawn from mid-October to late December (Peven
2003). After fry emerge from their redds, they remain in the river until they are about 1.5 years old then smolt and migrate downstream to
the ocean. Smolts emigrate out of the Wenatchee from March to May.
Coho currently spawn in the mainstem of the Wenatchee
River between RKM 15 and RKM 85, and in Nason, Beaver, Icicle,
Peshastin, and Mission creeks. From 1999–2010, the total number
of coho salmon counted passing the Tumwater fish ladder was
4,015, an average (range) of 335 (0–1,011) per year.
From 1997–2009, the total number of juvenile coho captured
in a smolt trap at Lake Wenatchee totaled 1,858 fish, comprised of
1,827 hatchery coho and 31 wild coho. The average (range) in the
number of coho caught during this interval was 141 (0–585) hatchery and 2 (0–10) wild fish per year.
From 2004–2006, the total number of juvenile coho captured
at a smolt trap on Nason Creek totaled 14,079 fish, comprised
of 14,007 hatchery and 72 wild fish. The average (range) of coho
caught during this interval was 4,669 (3,264–6,327) hatchery and
24 (0–57) wild fish.
From 1997–2009, the total number of juvenile coho captured at
a smolt trap on the Chiwawa River totaled 154 fish, comprised of 147
hatchery and 1 wild fish. The average (range) of coho caught during
this interval was 11 (0–126) hatchery fish and < 1 (0–4) wild fish.
From 2004–2005, a total of 57 wild coho and no hatchery coho
were caught in a smolt trap in Peshastin Creek. During this interval the
number of wild coho caught averaged (ranged) 29 (0–57) individuals.
From 2000–2009, the number of juvenile coho caught in a
downstream migration trap in the lower Wenatchee River (near
Monitor, Washington) totaled 129,438 fish, comprised of 128,301
hatchery fish and 1,137 wild fish. The average (range) in the num-

ber of coho caught during this interval was 12,830 (4,296–29,035)
hatchery fish and 114 (0–292) wild fish.
Steelhead trout historically spawned in the Wenatchee mainstem and eight tributaries: Mission, Peshastin, Icicle, Chiwaukum,
and Nason creeks, and the Little Wenatchee, White and Chiwawa
rivers (Fulton 1970). Steelhead still use all these locations but are
less abundant then they were formerly (Peven 2003).
Adult steelhead enter the Wenatchee River from August
through the following April. Spawning occurs from late March
through May, peaking in mid to late April (Murdoch and Viola
2003). Steelhead migrate downstream as sub-yearling parr in the
fall or in the spring predominately as age 1 + smolt and 2 + smolts
(or sometimes older smolts).
Murdoch and Viola (2003) reported observing 475 steelhead
redds in the Wenatchee mainstem and tributaries above Tumwater
Dam in 2002. Counts of steelhead at Tumwater Dam on the
Wenatchee River averaged (ranged) 1,495 (480–2,681) and totaled
17,840 between 1999 and 2010.
Steelhead redd counts were made in the Wenatchee Sub-basin
from 2001–2009 (Hillman et al. 2010). The annual average (range)
in counts (data from Streamnet.org) during the interval numbered:
• 215 (46–456) in the Wenatchee mainstem RKM 0–85.9
(RM 0–53.7);
• <1 (0–2) in the White River RKM 0–57.9 (RM 0–36.2);
• 125 (27–410) in Nason Creek RKM 0–44.3 (RM 0–27.7);
• 33 (3–118) in Chiwawa River RKM 0–65.8 (RM 0–41.1);
• 31 (6–102) in Icicle Creek RKM 0–53.6 (RM 0–33.5);
• 43 (17–91) in Peshastin Creek RKM 0–30.7 (RM 0–19.2);
and
• 0 in Chiwaukum Creek (surveys made only in 2003,
2005, 2006, 2008, and 2009).
Total run size of adult steelhead trout into the Wenatchee River
was estimated at 1,464 in 1986, 2,510 in 1987, 1,663 in 1988, 1,556
in 1989, 953 in 1990, 1,612 in 1991, 1,050 in 1992, 510 in 1993, 454
in 1994, 709 in 1995, 351 in 1996, 495 in 1997, 488 in 1998, 515 in
1999, 1,480 in 2000, 4,356 in 2001, 2,021 in 2002, and 1,224 in 2003
(Streamnet.org).
From 1997–2009, a total of 80 wild and 1,338 hatchery juvenile
steelhead / rainbow were captured in a smolt trap at the outlet of
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Lake Wenatchee. The annual average (range) of steelhead / rainbow caught during this interval was 6 (0–37) wild fish and 103
(0–637) hatchery fish.
From 2004–2006, a total of 482 wild and 6,353 hatchery juvenile
steelhead / rainbow trout were captured in a smolt trap in Nason
Creek. The annual average (range) of steelhead / rainbow caught
during this interval was 161 (97–211) wild fish and 2,118 (979–4,268)
hatchery fish.
From 1997–2009, a total of 1,973 juvenile wild steelhead / rainbow and 27,026 juvenile hatchery steelhead / rainbow were captured in a smolt trap in the Chiwawa River. The annual average
(range) of steelhead / rainbow caught during the interval was 152
(32–435) wild fish and 2,079 (0–9,678) hatchery fish.
From 2004–2005, a total of 1,631 juvenile wild steelhead / rainbow and no hatchery steelhead / rainbow were captured in a smolt
trap in Peshastin Creek. The annual average (range) of wild steelhead captured during the interval was 816 (642–989) fish.
From 2000–2009, a total of 2,725 juvenile wild steelhead and
20,393 juvenile hatchery steelhead were captured in a smolt trap
in the lower Wenatchee River. The annual average (range) of steelhead captured during this interval was 273 (105–453) wild fish and
2,039 (0–3,465) hatchery steelhead.
Harvest of hatchery and wild steelhead trout in the Wenatchee
River mainstem, RKM 0.0–85.9 (RM 0.0–53.7), totaled 20,743
adults between 1961 and 1985 (Sikora 1996). During this 25 year interval the average (range) in number of steelhead caught annually
by anglers was 830 (191–1,661) adults.
After 1986 separate records of the number of hatchery and
wild steelhead harvested by anglers in the Wenatchee River mainstem were kept (Sikora 1996). From 1986–1993 a total of 73 wild
steelhead and 2,309 hatchery steelhead were harvested by anglers.
During this 8 year interval the annual average (range) in number
of steelhead harvested by anglers was 9 (0–33) wild steelhead and
289 (95–768) hatchery steelhead.
Sockeye salmon enter the Wenatchee River in late June and July.
They spawn in September predominantly in the lower four miles
of the Little Wenatchee River and the lower five miles of the White
River above Lake Wenatchee. Some also spawn in the Napcequa
River, tributary of the White River (Peven 2003). After fry emerge
from their redds, they migrate to Lake Wenatchee, which functions as their nursery lake. They remain in the lake until they are
about 1.5 or 2.5 years old when they smolt and migrate downstream.
Smolts migrate from April to June.
Counts of adult sockeye at Tumwater Dam on the Wenatchee
River averaged (ranged) 18,919 (1,172–35,825) per year and totaled
227,027 between 1999 and 2010. During this interval the year with
the highest return was 2010.
The number of adult sockeye returning to spawn in RKM 0–41.8
(RM 0–26.1) in the Little Wenatchee River totaled 46,549 fish between 1956–1984 (except 1982 and 1983 when no surveys were conducted). The average (range) of the number of spawning adults
returning during this 27 year interval (1982 and 1983 not counted)
was 1,724 (0–5,354) sockeye.
From 1997–2009, the number of juvenile sockeye captured in a
smolt trap at the outlet of Lake Wenatchee totaled 173,447 fish. The
annual number of sockeye smolts caught during this interval averaged (ranged) 13,342 (66–38,628) per year.
A total of two juvenile sockeye were captured in a smolt trap in
the Chiwawa River from 1997–2009. Both fish were caught in 2001.
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No sockeye were caught in smolt traps on Nason Creek between
2004 and 2006 or on Peshastin Creek between 2004 and 2005.
A total of 1,895 juvenile hatchery sockeye and 30,216 wild sockeye were caught in a smolt trap in the lower Wenatchee River between 2000 and 2009. The annual number of hatchery and wild
sockeye caught during this interval averaged (ranged) 190 (12–335)
and 3,022 (58–7,544) per year respectively.
See Mullan (1986) and Peven (2003) for descriptions of the genetic ancestry of sockeye salmon stocked in the Wenatchee River.
From 1941–1969, the USFWS released over 58 million juvenile sockeye into Lake Wenatchee, White River, or Icicle Creek. The majority of these fish were derived from Wenatchee parent brood stock,
but a small percentage was derived from other brood stocks [e.g.,
Lake Quinault, Carson National Fish Hatchery (on Wind River,
Klickitat County, Washington), and British Columbia].
Spring Chinook historically spawned in the upper Wenatchee
mainstem and in the Little Wenatchee, White, and Chiwawa rivers,
and Nason, Icicle, and Peshastin creeks (Bryant and Parkhurst 1950;
French and Wahle 1965; Fulton 1968; Peven 2003). Currently, most
spring Chinook spawn in the upper Wenatchee mainstem, Little
Wenatchee, White, and Chiwawa rivers, and Nason Creek (Peven
2003). Although spring Chinook are also known to migrate and
spawn naturally in Icicle Creek, it is thought they represent a stock of
hatchery fish from Leavenworth National Fish Hatchery (LNFH) that
spawn naturally in their home river (LNFH is located on Icicle Creek).
Spring Chinook adults enter the Wenatchee River in May, and
hold in deep pools until spawning in late July through September
(Chapman et al. 1995). Spawning peaks in mid to late August. After
emerging from their redds, spring Chinook fry redistribute themselves to occupy much of the Wenatchee Basin, which is thought to
be a mechanism that reduced intraspecific competition (Chapman
et al. 1995). Most spring Chinook hold over in the Wenatchee mainstem over the winter, and migrate downstream to the Columbia as
yearling smolts from March through May. Some Spring Chinook
may migrate downstream to the Columbia as sub-yearlings during
the previous fall.
Counts of adult and jack Chinook salmon at Tumwater Dam
on the Wenatchee River averaged (ranged) 7,366 (2,282–11,577) and
810 (11–2,619) respectively and totaled 88,392 and 9,772 respectively between 1999 and 2010.
Spring Chinook redd counts in the Wenatchee River Sub-basin
were estimated by Kohn (1985), Fast (1987, 1988), Hays and Peven
(1991, 1992), Peven and Mosey (1996a, 1996b), Mosey and Murdoch
(1998, 2000), Hillman and Miller (1997, 1999, 2000, 2002a, 2002b,
2003), Mosey and Truscott (1999), and Hillman et al. (2007a, 2007b,
2010). Spring Chinook annual redd counts between RKM 57.0–86.7
(RM 35.6–54.2) in the upper Wenatchee mainstem averaged (ranged):
• 42 in 1959;
• 27 (13–33) from 1960–1969;
• 28 (1–61) from 1970–1979;
• 46 (1–94) from 1980–1989;
• 23 (0–86) from 1990–1999; and
• 57 (5–218) from 2000–2010.
Spring Chinook annual redd counts in the Little Wenatchee
River averaged (ranged):
• 23 (19–27) in 1958 and 1959;
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• 56 (13–138) from 1960–1969;

were nearly double or triple the counts made in previous decades.
I attribute this increase to:

• 25 (0–78) from 1970–1979;
• 53 (22–81) from 1980–1989;

1.

Improved conditions in the North Pacific Ocean for
increasing survival and production of Columbia River
salmon; and

2.

Improved passage of juveniles at dams along the
Columbia River.

• 39 (0–134) from 1990–1999; and
• 79 (22–171) from 2000–2010.
Spring Chinook annual redd counts between RKM 0–57.9
(RM 0–36.2) in the White River averaged (ranged):
• 15 (5–24) in 1958 and 1959;
• 35 (11–90) from 1960–1969;
• 38 (6–59) from 1970–1979;
• 62 (18–119) from 1980–1989;
• 41 (3–145) from 1990–1999; and
• 86 (20–240) from 2000–2010.
Spring Chinook annual redd counts between RKM 0–44.3
(RM 0–27.7) in Nason Creek averaged (ranged):
• 126 (116–136) in 1958 and 1959;
• 236 (116–341) from 1960–1969;
• 165 (37–368) from 1970–1979;
• 173 (66–347) from 1980–1989;
• 143 (18–491) from 1990–1999;
• 400 (167–864) from 2000–2010.
Spring Chinook annual redd counts between RKM 0–65.8
(RM 0–41.1) in the Chiwawa River averaged (ranged):
• 137 (91–183) in 1958 and 1959;
• 231 (64–561) from 1960–1969;
• 244 (59–421) from 1970–1979;
• 220 (84–444) from 1980–1989;
• 104 (13–302) from 1990–1999; and
• 393 (111–1,078) from 2000–2010.
Spring Chinook annual redd counts between RKM 0–4.5
(RM 0–2.8) in Icicle Creek averaged (ranged):
• 20 (9–30) in 1958 and 1959;
• 29 (9–62) from 1960–1969;
• 66 (11–178) from 1970–1979;
• 37 (15–91) from 1980–1989;

From 1997–2009, a total of 5,396 wild Chinook salmon subyearlings, 3,476 wild Chinook yearlings, and 2,244 hatchery
Chinook yearlings were captured in a smolt trap at the outlet of
Lake Wenatchee. The annual average (range) of Chinook salmon
caught during this interval was 415 (0–2,472) wild sub-yearlings,
267 (12–1,597) wild yearlings, and 173 (0–1,074) hatchery yearlings.
From 2004–2005, a total of 7,826 wild Chinook sub-yearlings, 3
wild Chinook yearlings, and 0 hatchery Chinook yearlings were captured in a smolt trap in Peshastin Creek. The annual average (range)
of Chinook salmon caught during this interval was 3,913 (3,513–4,513)
wild sub-yearlings, 2 (1–2) wild yearlings and no hatchery yearlings.
From 2000–2009, a total of 961,767 wild Chinook sub-yearlings, 7,584 wild Chinook yearlings, and 178,459 hatchery Chinook
yearlings, were captured in a smolt trap in the lower Wenatchee
River. The annual average (range) of Chinook caught during this
interval was 96,177 (30,451–225,549) wild sub-yearlings, 758 (206–
1,906) wild yearlings, and 17,846 (2,753–45,467) hatchery yearlings.
See Chapman et al. (1995) and Peven (2003) for descriptions of the genetic ancestry of spring Chinook salmon raised at
Leavenworth NFH and Entiat NFH. The current broodstock at both
hatcheries were derived principally from Carson NFH on the Wind
River. The Carson NFH stock was derived from spring Chinook
salmon destined for the mid-Columbia region and Snake River
that were intercepted at Bonneville Dam starting in 1955 (Ricker
1972; Chapman et al. 1995; Peven 2003).
Late run (summer / fall) Chinook salmon enter the Wenatchee
River commencing in June and continuing throughout the summer months. Spawning occurs from late September through midNovember, peaking from mid to late October. Late run Chinook
historically spawned in the mainstem Wenatchee River from the
mouth to Lake Wenatchee (Fulton 1968). They still spawn throughout the Wenatchee mainstem (Peven 2003).
Annual counts of adult summer / fall Chinook returning to
RKM 0–85.9 (RM 0–53.7) of the Wenatchee River numbered [numbers
presented as annual average (range) in counts per decade] (Fast 1987,
1988; Kohn 1989; Hays and Peven 1991, 1992; Peven 1992, 1994; Peven
and Truscott 1995; Peven and Mosey 1996a, 1996b; Mosey and Murdoch
1998, 2000; Hillman and Miller 1997, 1999, 2000, 2002a, 2002b, 2003;
Mosey and Truscott 1999; Hillman et al. 2007a, 2007b, 2010):
• 8,244 (2,412–11,320) from 1960–1969;

• 27 (6–53) from 1990–1999; and

• 8,641 (3,394–13,208) from 1970–1979;

• 67 (8–245) from 2000–2010.

• 10,356 (5,539–13,625) from 1980–1989;

Spring Chinook annual redd counts between RKM 0–30.7
(RM 0–19.2) in Peshastin Creek averaged (ranged):

• 6,567 (3,984–9,312) from 1990–1999; and

• 1 (0–5) from 1990–1999; and

• 8,909 (4,388–17,792) from 2000–2010).

• 48 (0–173) from 2000–2010.
As can be seen, spring Chinook redd counts in the mainstem
and tributaries of the Wenatchee River between 2000 and 2010

Resident and adfluvial bull trout spawn in the Wenatchee subbasin from August to October. Resident bull trout populations occur in the Chiwawa River mainstem and tributaries (Chikamin,
Phelps, Rock, Alpine, Buck, and James creeks), in the White River
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(in Canyon and Panther creeks), in the Little Wenatchee River below
the falls at RKM 12.5, in Nason Creek (and its tributary Mill Creek),
Chiwaukum Creek, Peshastin Creek (and its tributary Ingalls Creek).
Bull trout redd surveys have been conducted in tributaries of
the Wenatchee River since 1989. Redds were counted between 1989
and 2001 in the Little Wenatchee and White rivers. The total number of redds counted in Panther Creek, tributary of the White River,
was 3,500 [average (range) of 27 (7–48) during this interval. The
total number counted in the White River from 1992–2001 was 83.
The total number counted below the falls in the Little Wenatchee
River was 7 between 1999 and 2001. A few redds were also seen in
the upper Wenatchee mainstem and in Nason and Peshastin Creek.
Counts of bull trout redds in the Wenatchee River Basin have been
made by the United States Fish and Wildlife Service and United States
Forest Service from 1997–2009 (Kelly–Ringel et al. 2009, 2010). In
Nason Creek bull trout redds averaged (ranged) 4 (0–13) and totaled
13 between 2004 and 2006. In the Chiwawa River drainage (including Rock, Chikamin, and Phelps creeks) bull trout redds averaged
(ranged) 329 (76–6,057) and totaled 4,271 between 1997 and 2009. In
Peshastin Creek bull trout redds averaged (ranged) 106 (99–112) and
totaled 211 between 2004 and 2009). In 3.0 miles of Chumstick Creek
between 2001 and 2009 bull trout redds averaged (ranged) 33 (29–42).
Fulton et al. (1953) tested the efficiency of a Denil-type fish ladder (also called an Alaska steep fish pass) versus a pool type ladder
at Dryden Dam for passing Chinook and sockeye salmon. In 2,800
minutes of observation time, a total of 1,569 fish, comprised of 1,498
sockeye salmon, 61 Chinook salmon, 2 steelhead / rainbow trout, and
8 suckers and northern pikeminnow used the Denil ladder; whereas
a total of 225 fish, comprised of 213 sockeye salmon, 14 Chinook, and
0 trout, sucker, and northern pikeminnow used the pool type ladder.
Gill nets with graded mesh (0.75–2 mm) set in Lake Wenatchee
during eight days from May–October 1972 caught a total of 79 fish,
comprised (by relative abundance) of 1.2% redside shiner (n = 1,
95 mm TL), 30.3% northern pikeminnow (n = 24, 170–425 mm
TL), 54.4% sockeye salmon (n = 43, 84–158 mm TL), 2.5% Chinook
salmon (n = 2, 102–107 mm TL), and 11.3% bull trout (n = 9, 250–
375 mm TL) (Allen and Meekin 1973).
Mountain whitefish were counted at Tumwater Dam during
15 years between 1935 and 1973. The maximum number recorded
in any one year was 30 (Mullan et al. 1992). About 2,000 mountain whitefish are harvested annually each winter in the lower
Wenatchee River (Mullan et al. 1992).
Lee et al. (1980) show a distribution record for tench in the
lower Wenatchee River. Lee et al. (1980) have also recorded distribution records for prickly, mottled, shorthead, and torrent sculpin
in the Wenatchee Sub-basin. Wydoski and Whitney (2003) also
noted the presence of Piute sculpin in the Wenatchee Sub-basin.

ENTIAT RIVER SUB-BASIN
The Entiat River flows a distance of 92 km (57 mi) in a southeasterly
then easterly direction between its headwaters in the Glacier Peak
Wilderness of the Wenatchee National Forest and its confluence
with the Columbia River at RKM 700.6 (RM 483.7). It begins as melt
waters from 11 glaciers and permanent snowfields at an elevation of
1,829 m (6,000 ft) above MSL and joins the Columbia in the reservoir
(Lake Entiat) created by Rocky Reach Dam at an elevation of 215.5 m
(707 ft) above MSL (Mullan et al. 1992). A map and photographs of
the Entiat Sub-basin are shown respectively in Figure 5.70 and 5.71.
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The area of the drainage basin is 1,207 km² (466 mi²) or 305,641
acres. The discharge at RKM 2.2 (RM 1.4) near Entiat, Washington
averaged (minimum–maximum) 471 (58–4,810) cfs. At a USGS
gauge (gauge # 12452800) at RKM 28.8 (RM 18.0) near Ardenvoir,
Washington, the average (minimum–maximum) discharge over a
52 year period of record (1957–2009) was 372 (20–6,430) cfs. The
upper gage was located above the principal tributary, the Mad
River, which joins the Entiat from the right bank at RKM 16.2
(RM 10.6), so it may be inferred that the Mad River contributes
about 99 cfs or 21% of the annual discharge.
The upper 45 miles of the Entiat Valley was once filled with an
alpine glacier that has since melted. Above the terminal moraine at
RKM 24.2 (RM 15.1), the Entiat valley is characteristically U-shaped
with tributary streams in hanging valleys that typically fall in cascades
or waterfalls to join the Entiat mainstem. Below the terminal moraine, the valley is v-shaped. Gradient in the lower 24.2 km (15.1 mi) is
9.5 m ⁄ km (55 ft ⁄ mi). The river falls mainly through riffles, runs and
cascades throughout the lower 24.2 km. Pools are lacking in this reach.
Sheep grazing was formerly a big industry, with up to 16,000
head grazing on Federal lands in the Entiat valley and 60,000 head
grazing in the Mad River valley during the late 1800s and early
1900s. In the 1940s, the number was reduced to a maximum of
3,000 annually.
Fruit orchards (apples and pears) were developed and irrigation
diversions were constructed that removed water from the river to
supply them. However, this irrigation resulted in a net depletion of
13 cfs which amounts to less that 10% of the discharge that typically occurs during the dry season (August to October) (Mullan
et al. 1992). Timber harvest expanded during the 20th century to
supply lumber for home construction and the apple box industry.
Lumber mills constructed dams along the river and in some tributaries to hold logs rafted down the river to sawmills. Some of these
dams also supplied hydroelectric power for operating the saws.
In 1970, a large wildfire destroyed 58,000 acres (19%) of the vegetation in the Entiat Sub-basin. Additional fires in 1976 and 1988,
combined with the 1970 fires, burned 62% of the total acreage of
the basin. This resulted in massive erosion and periodic flash floods.
Tributaries include Mill Canyon Creek (RKM 5.6, RM 3.5), Roaring
Creek (RKM 9.8; RM 6.1), Mad River (RKM 16.2; RM 10.1), Mud Creek
(RKM 17.0; RM 10.6), Potato Creek (RKM 24.3; RM 15.2), Stormy Creek
(RKM 29.4; RM 18.4), Preston Creek (RKM 37.0; RM 23.1), Burns Creek
(RKM 40.6; RM 25.4), Fox Creek (RKM 45.1; RM 28.2), Tommy Creek
(RKM 45.8; RM 28.6), Lake Creek (RKM 46.2; RM 28.9); North Fork
Entiat River (RKM 56.8; RM 35.5); Snow Brushy Creek (RKM 76.5; RM
47.8); and Ice Creek (RKM 77.0; 48.1). Perennial tributaries include
the North Fork Entiat and Mad rivers and Ice, Snow Brushy, Preston,
and Mud creeks. All the remaining tributaries have alluvial fans at
their mouths. Water in these creeks sink through alluvial deposits
before reaching the mainstem. They flow through channels that connect with the mainstem only during periods of snow melt or during
intense rain storms (Mullan et al. 1992).
Entiat Falls at RKM 46.7 (RM 29.2) blocked the migration of
anadromous fish. The Entiat National Fish Hatchery (ENFH), constructed as one of the Grand Coulee Fish Maintenance Project
Hatcheries, is located at RKM 10.9 (RM 6.8) near the town of Entiat.
Two downstream migration traps are operated on the Entiat mainstem to count the number of juveniles emigrating out of the river.
Information about the fishes that inhabit the Entiat Basin was
compiled by Schultz and DeLacy (1936 / 1936), Craig and Soumela
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(A) Entiat River. Photo courtesy of Jim Carson CC BY-NC-SA 2.0. (B) Entiat Falls. Photo courtesy of Sy Stepanov, © 2009
all rights reserved.
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(1941), Bryant and Parkhurst (1950), French and Wahle (1965),
and Fulton (1968, 1970). Lee et al. (1980), Mullan (1984, 1987),
Schwartzburg and Roger (1986), Hillman et al (1989), Hillman
(1991), Brown (1992), Mullan et al. (1992), Peven (1992, 2003),
Mongillo (1993), Chapman et al. (1995), Sikora (1996), Williams
(1998), BioAnalyst (2000), Hamstreet and Carie (2001, 2002, 2003,
2005), Pastor (2001), Murdoch and LaRue (2002), Archibald and
Johnson (2002, 2010), Archibald (2003), Yakama Nation and
Chelan County (2004), Hamstreat (2005, 2006, 2007a, 2007b,
2009, 2010), Archibald et al. (2009) and Kelly-Ringel (2009, 2010).
Currently, 17 species representing 5 families of fishes are known
to reside in the Entiat system, including:
• Petromyzontidae: Pacific lamprey;
• Cyprinidae: northern pikeminnow, longnose dace, redside
shiner;
• Catostomidae: bridgelip sucker, largescale sucker;
• Salmonidae: mountain whitefish, westslope cutthroat trout,
coho salmon, steelhead / rainbow trout: (redband) trout,
sockeye salmon, Chinook salmon (spring run and summer / fall run), bull trout, brook trout; and
• Cottidae: mottled sculpin, slimy sculpin, torrent sculpin.

The steelhead trout and spring Chinook were listed as Endangered
under the Federal Endangered Species Act (ESA) on 18 August, 1997
and 24 March 1997, respectively. Bull trout were listed as threatened
under ESA on 10 June, 1998. The Pacific lamprey and westslope cutthroat trout are currently listed as federal species of concern.
Mullan et al. (1992) reported densities of fishes (# ⁄ 100 m²),
sampled by conducting cyanide and electrofishing surveys in 1984
and snorkel surveys in 1987, at four sites in the Entiat River (at RM
1.2, 3.2, 6.3, and 7.0) and 10 sites in the Mad River (at RM 2.8, 13.1,
16.3, 17.6, 20.1, 23.4, 25.2, 27.5, and 28.0). At the four sites in the
Entiat River the average number (range) of each species (rounded
to the nearest whole number) collected was 12 (6–23) Chinook
salmon ⁄ 100 m², 11 (4–22) steelhead / rainbow trout ⁄ 100 m², 0.1
(0–0.3) other salmonids (includes cutthroat trout, brook trout,
bull trout, and coho salmon) ⁄ 100 m², 1 (0–1) mountain whitefish ⁄ 100 m², 5 (3–11) dace and sculpin (longnose dace, mottled
sculpin, and torrent sculpin) ⁄ 100 m², 1 (0–4) unidentified
sucker ⁄ 100 m², and <1 (0–1) other species (includes redside shiner
and northern pikeminnow) ⁄ 100 m².
At the ten sites in the Mad River the averages number (range)
of each species (rounded to the nearest whole number) was 5
(0–21) Chinook salmon / 100 m², 9 (2–21) steelhead / rainbow
trout ⁄ 100 m², <1 (0-<1) other salmonids (includes cutthroat trout,
brook trout, bull trout, and coho salmon ⁄ 100 m²), <1 (0–2) mountain whitefish ⁄ 100 m², 1 (0–12) dace and sculpin (longnose dace,
mottled sculpin, and torrent sculpin) ⁄ 100 m² and <1 (0– < 1) other
(includes redside shiner and northern pikeminnow) / 100 m².
Schultz and DeLacy (1935 / 1936) collected rainbow trout, longnose dace, and torrent sculpin in the Entiat River. Lee et al. (1980)
documented the presence of slimy sculpin in the Entiat River on a
distribution map that was prepared based on voucher specimens
in museum collections. They also had distribution maps showing
the presence of bridgelip sucker and largescale sucker in the Entiat
River. Hillman (1991) noted the presence of redside shiner.
BioAnalysts (2000) described Pacific lamprey utilization of the
Entiat River, but did not provide many details. Ammocoetes larvae

and macropthalmia stage Pacific lamprey have been observed in the
lower 25.6 km (16 mi) of the Entiat River (Peven 2003). From 2007–
2009, a total of 1,360 ammocoetes larvae and five macropthalmia
stage Pacific lamprey were collected in the lower downstream migration trap. The annual average (range) of Pacific lamprey counted
during this 3-year interval were 453 (227–627) ammocoetes and 2
(0–4) macropthalmia stage individuals. From 2003–2009, a total
of 5,927 ammocoetes larvae and 7 macropthalmia stage Pacific
lamprey were collected in the upper downstream migration trap.
The annual average (range) of Pacific lamprey counted during this
7-year interval was 847 (0–2,676) ammocoetes larvae and 1 (0–5)
macropthalmia stage individuals. No adults were collected.
Salmonids captured in the lower Entiat River downstream migration trap between 2007 and 2009 included a total of 13,424 wild
Chinook sub-yearlings, 5,219 wild Chinook yearlings, 29 hatchery
Chinook yearlings, 3,095 wild steelhead / rainbow trout, 0 hatchery
steelhead / rainbow, 104 wild coho salmon, 0 hatchery coho salmon,
99 wild sockeye salmon, 0 hatchery sockeye salmon, and 110 bull trout.
The annual average (range) in counts for each species during this
3-year interval were 4,475 (2,355–6,380) wild Chinook sub-yearlings,
1,740 (428–3,259 wild Chinook yearlings, 10 (0–18) hatchery Chinook
yearlings, 1,032 (313–1,504) wild steelhead / rainbow trout, 35 (6–65)
wild coho smolts, 330 (4–89) sockeye salmon, and 37 (0–98) bull trout.
Salmonids captured in the upper Entiat River downstream
migration trap between 2003–2009 included a total of 33,781
wild Chinook sub-yearlings, 12,309 wild Chinook yearlings, 1,485
hatchery Chinook yearlings, 6,024 wild Chinook yearlings, 1,485
hatchery steelhead, 35 wild coho, 0 hatchery coho, 220 wild sockeye, 0 hatchery sockeye, and 160 bull trout.
Westslope cutthroat trout currently are distributed in the
Entiat River (Williams 1998; Peven 2003). They are most prevalent
in high elevation tributaries of the Entiat mainstem, especially in
those tributaries that have barrier falls or steep cascades that act as
velocity barriers that prevent upstream migration of rainbow trout.
It is unknown if westslope cutthroat are native to the Entiat
River because westslope cutthroat trout raised at a hatchery on
the Stehekin River (Lake Chelan Sub-basin) were released into
the Entiat mainstem and many tributaries in the Entiat Sub-basin
as early as 1915 (Darwin 1917, 1920, 1921; Dibble and Kinney 1923).
From 1915, 1918, and 1920–1921, 374,000 westslope cutthroat were
stocked in the Entiat mainstem. In 1915, 30,000 westslope cutthroat
trout were planted in the Mad River. In 1918, 8,000 were planted in
the North Fork Entiat River. In 1919 and 1921 a total of 60,000 were
planted in Roaring Creek. Williams (1998) reported the westslope
cutthroat trout currently sustain themselves by natural reproduction in 80 miles of the 16 streams, and in 140 acres of 8 lakes, in the
Entiat Sub-basin.
The historical run size of coho salmon into the Entiat River
was estimated at about 9,000–13,000 (Mullan 1984). Between the
early 1940s and mid 1970s the USFWS released hatchery raised
coho into the Entiat River as part of their mitigation responsibilities under the Grand Coulee Fish Maintenance Program. Coho
disappeared from the Entiat Sub-basin soon after coho stocking
stopped. Recently coho salmon have been observed in the Entiat
again as a result of efforts by the Yakama Tribe to restore coho to
the Wenatchee and Methow rivers. It is thought that the coho observed in the Entiat River are strays from those released in either
the Wenatchee or Methow rivers. The coho appear to be naturally
reproducing in the Entiat River. In 2001, Murdoch and LaRue
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(2002) counted 14 coho redds in the Entiat Sub-basin, and 11 were
counted in 2009. Juvenile coho have appeared in downstream migration traps in five of seven years between 2003 and 2009. This
has encouraged the Yakama Tribe to also begin efforts to restore
coho in the Entiat sub-basin.
Steelhead historically spawned in the Entiat mainstem and Mad
River (Fulton 1970). Adult steelhead enter the Entiat River from
August–April and spawn from late March–early May. Juveniles remain
in the Entiat for 2–7 years before smolting and migrating to the ocean.
WDFW stocked a total of 2,034,947 steelhead / rainbow trout
in the Entiat River (in 1916, 1921–1922, 1934–1984, and 1986–1996)
(Darwin 1918; Dibble and Kinney 1923; WDFW Fish Stocking database 1933–2007). Washington Department of Fish and Wildlife
(WDFW) also stocked the North Fork Entiat River with a total of
127,164 steelhead / rainbow trout (in 1933–1934, 1938, 1940, 1943–
1944, and 1948). Lake Creek was stocked with a total of 82,610 rainbow trout (in 1921, 1933, 1937–1934, 1940–1941, and 1947). The Mad
River received a total of 382,682 steelhead / rainbow trout (in 1921,
1937–1941, 1943–1944, 1947–1953, 1955–1957, 1960–1970, 1972–1984,
and 1986–1993). Mud Creek was planted with a total of 8,900 rainbow trout in 1950 and 1971. Potato Creek received 5,000 rainbow
trout in 1942. Roaring Creek received 21,991 rainbow in 1942. Snow
Brushy Creek received a total of 48,950 rainbow trout in 1935 and
1947. Tommy Creek received 3,053 rainbow trout in 1939.
Information about the total run size, in-river sport harvest, and
escapement of hatchery and wild steelhead in the Entiat Basin is
available from 1986–2003. During this 18-year interval total run
size has averaged (ranged) 1,710 (160–4,519) total fish, comprised
of 1,588 (148–3,819) hatchery fish and 152 (12–699) hatchery fish.
Sport harvest averaged (ranged) 42 (0–306) total fish, comprised
of 41 (0–306) hatchery fish and 1 (0–17) wild fish. Sport harvest
of wild fish was 0 in 16 of the 18 years. Spawning escapement averaged (ranged) 1,669 (160–4,515), comprised of 1,518 (148–3,815)
hatchery fish and 151 (12–699) wild fish. Thus, 97.4% of hatchery
fish and 99.4% of wild fish escaped to spawn.
The United States Forest Service began collecting data on steelhead redd counts in the Mad River in 1997. The distance surveyed
each year has varied from about 3–10 miles. No survey was conducted in 1998. The total number of redds counted between 1997
and 2009 was 279. The annual average (range) during this 12-year
interval was 23 (3–50) redds per year. In 2003, the USFWS began
counting redds between RKM 3.2–44.8 (RM 2.0–28.0) on the Entiat
mainstem. Eighty redds were counted during the first year of the
survey. In 2008, 222 redds were counted (Archibald et al. 2009),
and in 2009, 114 redds were counted (Archibald and Johnson 2010).
WDFW planted 40,000 kokanee into the Entiat River in 1919
(Darwin 1921). Sockeye salmon were released into the Entiat River
under the Grand Coulee Fish Maintenance Project in 1939, 1942,
1943, and 1944. These plants established a small natural spawning
population of sockeye in the Entiat River that has persisted through
the present time. Since there are no sockeye nursery lakes in the
Entiat Basin, it is assumed that sockeye fry migrate downstream to
the Columbia River and use one or more of the Columbia mainstem reservoirs as surrogate nursery lakes (Peven 1992, 2003).
Both spring and summer / fall (late run) Chinook spawned in the
mainstem of the Entiat and the Mad River. The mainstem contained,
“Many wide, shallow riffle areas that provided ideal spawning habitat”
(Peven 1992). Steep gradients of most tributaries prevented their
use by Chinook salmon. Natural production of Chinook salmon
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declined sharply because many dams (for ponding logs and hydroelectric development to power sawmills) and irrigation diversions
were constructed between the late 1800s and 1970. By 1934 runs into
the Entiat were almost nonexistent (Bryant and Parkhurst 1950).
Translocations of fish during the Grand Coulee Fish Maintenance
Project helped restore some of this production (Fulton 1968).
Spring Chinook salmon currently spawn between RKM 25.9–
50.0 (RM 16.2–28.1) in the Entiat River and RKM 5.6–25.9 (RM 3.5–
16.2) in the Mad River. Redd counts in these reaches have been
made from 1959–2009 (Schwartzberg and Roger 1986; Chapman
et al. 1995; Carrie and Hamstreet 2001; Hamstreet and Carrie 2002,
2003, 2005; Hamstreet 2005, 2006, 2007a, 2007b, 2009, 2010).
Annual redd counts during each decade averaged (ranged):
• 113 in 1959;
• 180 (44–384) from 1960–1969;
• 136 (47–326) from 1970–1979;
• 89 (37–115) from 1980–1989;
• 33 (1–100) from 1990–1999; and
• 111 (28–148) from 2000–2009.
Numbers of adult spring Chinook returns to the Entiat NFH at
RKM 10.6 (RM 6.6), based on USFWS Entiat NFH records averaged
(ranged):
• 384 (157–588) females, 236 (73–397) adult males, and 13
(0–55) jack males from 1980–1989;
• 232 (45–452) females, 146 (31–323) adult males, and 6
(0–15) jack males from 1990–1999; and
• 506 (165–1,650) females, 329 (171–893) adult males, and
7 (0–31) jack males from 2000–2008.
The low counts of both natural and hatchery fish returning in
from 1980–1999 coincided with a period of relatively poor ocean
productivity for Columbia River salmon (positive Pacific Decadal
Oscillation). The relatively high counts of both natural and hatchery Chinook returning for 2000–2009 coincided with a period
of relatively high ocean productivity for Columbia River salmon
(negative Pacific Decadal Oscillation).
Summer / fall (late-run) Chinook did not historically use the
Entiat River for spawning (Craig and Soumela 1941; Mullan 1987). A
small population currently spawns naturally in the Entiat River. This
is the result of stocking late-run Chinook salmon into the Entiat River
from the Entiat National Fish Hatchery from 1940–1976 (Mullan 1987;
Peven 2003). Apparently, these plants resulted in the establishment of a
small population of self sustaining, naturally reproducing late-run fall
Chinook in the Entiat River (Peven 2003). Late-run Chinook spawning in the Entiat Sub-basin is confined to the lower 45 km (28 mi) of
the Entiat River, and the lower 16 km (10 mi) of the Mad River.
Redd counts of fall Chinook have been made between RKM 25.9–
45.0 (RM 16.2–28.1) of the Entiat River and RKM 5.6–16.2 (RM 3.5–
10.1) of the Mad River from 1960–2009 (Carrie and Hamstreet 2001;
Hamstreet and Carrie 2002, 2003, 2005; Hamstreet 2005, 2006, 2007a,
2007b, 2009, 2010). The annual average (range) redd counts of summer / fall Chinook during each decade of this 50 year interval were:
• 25 (3–57) from 1960–1969;
• 10 (0–24) from 1970–1979;
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• 6 (1–8) from, 1981–1983;
• 36 (11–46) from 1994–1999; and
• 161 (72–309) from 2000–2009.
Annual total run size of late-run summer Chinook was estimated to average (range) 383 (83–872) individuals between 2001
and 2009 (Streamnet.org, queried 23 December, 2010).
See Mullan (1987) and Peven (1992, 2003) for a description of
the genetic ancestry of summer / fall (late-run) Chinook released
into the Entiat River from Entiat Hatchery. Entiat Hatchery raised
and released summer / fall Chinook obtained from the Methow
River (1945), Entiat River (1946–1964), and Wells Dam into the
Entiat River (likely some of these fish were upriver bright fall
Chinook from the Hanford Reach that had strayed to and were
captured at Wells Dam).
Bull trout occur in the Entiat River mainstem from RKM 0.0–
56.8 (RM 0–35.5), and throughout the Mad River and most of its
tributaries. Bull trout spawn in these rivers from September to
October.
Bull trout redds were counted between RM (16.2–28.1) in the
mainstem of the Entiat River by USFWS between 1994 and 2009,
except during 1996–1998 when no counts were made. Redds totaled 190 and averaged (ranged) 16 (1–50) during this 12-year interval (Kelly-Ringel 2009, 2010). There is some question if all the
redds were constructed by bull trout or if some of them were actually constructed by either sockeye or Chinook salmon. Bull trout
redds were counted between RM 0.0–27.3 in the Mad River by the
USFS from 1989–2009. Redds totaled 514 and averaged (ranged) 24
(7–52) during this 21-year interval (Kelly-Ringel 2009, 2010).
Brook trout (n = 205,000) were stocked in the Entiat River in
1923 (Dibble and Kinney 1923). They are currently found in the upper Entiat but do not generally occur in the lower Entiat.

CHELAN RIVER (LAKE CHELAN) SUB-BASIN
The Chelan River flows for 6.6 km (4.1 mi) between its source at the outlet of Lake Chelan [surface elevation 335 m (1,110 ft) above MSL] to its
confluence with the Columbia River at Columbia RKM 810 (RM 503.3)
in Rocky Reach Pool (Lake Entiat) [surface elevation of 217 M (712 ft)
above MSL]. Thus, the Chelan River drops 122 m (401 ft) in elevation
between its source and its point of entry into the Columbia River, a
gradient of 18.5 m ⁄ km (98 ft ⁄ mile). A map and photographs of the
Chelan Sub-basin are shown respectively in Figures 5.72 and 5.73.
The average (minimum–maximum) discharge of the river is
2,042 (0–18,400) cfs [58 (0–521) m³ ⁄ s]. Nearly the entire discharge is diverted from Lake Chelan Dam downstream through a
3.5 km (2.2 mi) tunnel to a powerhouse. The channel of the Chelan
River is almost always dry in this 3.5 km (2.2 mi) long bypassed
reach. Water flows through the bypassed reach only during periods of maximum discharge for about two months in late spring
and early summer, when snow melt raises the surface elevation of
Lake Chelan, resulting in spill over the spillway of the dam.
Summer / fall Chinook historically spawned in the Chelan
River, where Chapman (1943) observed them spawning downstream from the powerhouse of the Chelan River hydroelectric
Dam in 1937. This segment is still used for spawning by summer / fall Chinook (Peven 1992; Giorgi 1992).
Between 1999 and 2009, a total of 5,629 summer Chinook
salmon were estimated to have spawned in the Chelan River. The

number counted annually during this 11-year interval averaged
(ranged) 479 (139–984) (Murdoch 2002; Miller 2003, 2004, 2005,
2006, 2007; Hillman et al. 2007, 2008, 2009, 2010).
Lake Chelan is the longest and deepest natural lake in
Washington. Lake Chelan is oriented in a northwest to southeast
direction. Kendra and Singleton (1987) and Patmont et al. (1989) described the morphometry and bathymetric characteristics of Lake
Chelan (Table 5.56). The lake is 80.6 km (50.4) miles long and has a
surface area of 13,335 hectares (33,000 acres). The maximum depth
is 452.9 m (1,486 ft). Shorline perimeter is 174.7 km (109.2 mi). Lake
volume is 1,736,198 acre-ft. The Lake Chelan watershed drains an
area of approximately 924 square miles. The lake is classified ultraoligotrophic based on extremely low phosphorus concentrations
(3.0 ± 0.2 μg ⁄ L) (Patmont et al. 1989; Congdon 1995; Sargeant 1997,
Anchor 2000). Lakes with ≤ 4.5 mg / L phosphorus fall into the ultraoligotrophic category. Chlorophyll a concentration ranged from
0.3–1.5 mg ⁄ L, indicating a lack of phytoplankton production (probably a result of limited nutrients) (Brown 1984). A Secchi disc can
be seen at depths of 11.8–16.8 m (39–55 ft). Thermal stratification occurs in Lake Chelan during the summer months with temperatures
of 18–19°C in the epilimnion, which extends down to about 10 m, a
thermocline present at about 15–20 meters, and a hypolimnion of
about 6–7°C below 20 m. Dissolved oxygen was at or near saturation
at all depths and times sampled, indicating that Lake Chelan is well
oxygenated (Brown 1984). Lake Chelan was formed by two glaciers
that met at a constriction called “The Narrows,” which is a shallow
sill 41 m (135 ft) below the surface that separates Lake Chelan into
two basins, an upper northern (Lucerne) basin and lower southern
(Wapato) basin. The Lucerne Basin is 38 miles long with a maximum depth that is the deepest spot in the Lake. The Wapato Basin is
12 miles long with a maximum depth of 122 m (400 ft).
Upstream from the narrows, mountainous terrain, with U-shaped
valleys, cirques, and truncated spurs, that were sculpted by glaciers
surround the lake. The lake’s principal inlet is the Stehekin River,
which joins the northwest corner at the head of the lake and provides
about 65% of all discharge into the lake. About 50 small, steep gradient tributaries provide the remaining 35% of the discharge. Tributaries
that enter on the west shore of the lake include: First, 25 Mile, Little
Big, Big, Deep, Graham, Pyramid, Bear, Domke, Railroad, Lightning,
Riddle, and Castle creeks. Tributaries that enter on the east shore of
the lake include: Mitchell, Gold, Poison, Grade, Coyote, Falls, Safety
Harbor, Lone Fir, Prince, Cascade, Fish, and Fourmile creeks. [Creeks
are listed from the outlet and proceeding towards the inlet.] Railroad
Creek provides about 10% to the annual discharge to the lake.
Orchards and agricultural lands surround much of the Wapato
Basin, where irrigated fruit crops cover 11,600 acres. The Lucerne
Basin is surrounded by National Forest Service land. Agricultural
chemicals, such as DDT, applied to orchards have contaminated
the Wapato Basin, but have not moved up-lake into the Lucerne
Basin (Hopkins et al. 1985; Patmont et al. 1989; Davis and Johnson
1994, Davis and Serder 1996, Coots and Era-Miller 2005). The
Washington Department of Ecology discovered elevated concentration of DDT compounds in fish flesh in Lake Chelan in 1985.
Total DDT (tDDT) concentrations have been measured in fillets of
muscle tissue of northern pikeminnow (1,467 μg ⁄ kg wet weight =
parts per billion), bridgelip sucker (962 μg ⁄ kg), rainbow trout
(309 μg ⁄ kg), kokanee salmon (299 μg ⁄ kg), Chinook salmon
(3,100 μg ⁄ kg), lake trout (1,481 μg ⁄ kg), burbot (270 μg ⁄ kg), and
smallmouth bass (392 μg ⁄ kg). For comparison, fish tissue criteria
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Columbia River Basin: Chelan Subbasin
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A

Figure 5.73

(A) Lake Chelan. Photo courtesy of David Grand CC-BY-NC 2.0. (B) Lake Chelan. Photo courtesy of Andy Simonds
CC BY-NC-ND 2.0.
Table 5.56

B

Morphometric and physical characteristics of Lake
Chelan and its two basins. Data from Kendra and
Singleton (1987).

Parameter
Maximum length (km)
Maximum width (km)
Mean width (km)
Maximum depth (m)
Mean depth (m)
Shoreline perimeter (km)
Surface area (km2)
Lake volume (m3x10⁹)

for protection of human health is 45 μg / kg for tDDT. Also, tDDT
in fish from Lake Chelan averaged 1,035 μg ⁄ kg, which was roughly
three times higher than the national average (300 μg ⁄ kg) of fish
from other lakes in the United States sampled by the United States
Environmental Protection Agency (Coots and Era-Miller 2005).
The zooplankton community of Lake Chelan was dominated by
the copepod Diaptomus ashlandi (with peak values of about 12–13
individuals ⁄ L in May (comprised 42.2% of the zooplankton community). Cyclops bicudpidatus with peak values of about 5-6 individuals ⁄ L in August (comprised 39.8% of the zooplankton community), Epischura nevadensis with peak values at 0.3 individuals ⁄ L
in May (comprised > 1% of the zooplankton community) (Brown
1984). Four species of Daphnia (collectively peaked in June at densi-

Lake
Chelan

Lucerne
Basin

Wapato
Basin

81.1
24.8
2.9
452.9
144.5
176.8
135
19.5

61.8
24.8
2.3
452.9
179.8
132.4
100
18.0

19.3
15.4
2.9
121.9
42.7
44.4
35
1.5

ties of about 0.5 individuals ⁄ L) comprised about 2.6% of the zooplankton community. Smaller cladocerans, Bosmina longirostris at
maximum densities of 4–5 individuals ⁄ L and Holopedium gibberum at maximum densities of 0.2–0.3 individuals / L, and a large
cladoceran Leptodora kindtii at very low densities (0.005–0.009 individuals ⁄ L), were found mainly in the Wapato Basin. Mysis relicta
up to 21 mm long were captured in the hypolimnion during the
day and in the epilimnion at night. Total zooplankton peaked at
about 8.14 individuals ⁄ L in different regions of Lake Chelan. This
is an extremely low level of zooplankton production and is a further
reflection of that phytoplankton production in the lake is scarce.
BioAnalysts, Inc. (2000d) reported that it was unlikely that
anadromous salmonids reached Lake Chelan on account of five
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turbulent falls and cascades present in the Chelan River below the
outlet of Lake Chelan that served as velocity barriers to anadromous salmonids. The water dropped 15.5 ft over a distance of 70 ft
at one cascade, 23.7 ft over a distance of 60 ft through a complex
chute, 13.9 ft over a distance of 35 ft over multiple falls, 7.5 ft over
a single vertical fall, and 19.3 ft over a distance of 70 ft through
multiple falls and a chute.
Data about the fishes in Lake Chelan was collected by:
Evermann (1899); Brown (1984); Lee et al. (1986); Murphy
(1995); Hagen (1997); Mongillo and Hallock (1998); Fielder
(1999); USFs (1999), BioAnalysts, Inc. (2000a, 2000d); Duke
Engineering (2000, 2001); Hillman et al. (2002); Chelan County
PUD (2001); Viola and Foster (2002); Andonaegui et al. (2004);
Archibald (2004); Beauchamp (2007); and Hillman et al. (2007,
2008, 2009, 2010).
Six families and 22 species have been reported in Lake Chelan
by various investigators. Five families and 14 species of fishes were
indigenous to Lake Chelan, including:
• Cyprinidae: chiselmouth, peamouth, northern pikeminnow,
leopard dace, speckled dace, redside shiner;

• Cyprinidae: peamouth, northern pikeminnow;
• Catostomidae: largescale sucker;
• Salmonidae: cutthroat trout, rainbow trout, kokanee salmon,
Chinook salmon, lake trout;
• Gadidae: burbot; and
• Centrarchidae: smallmouth bass.

Duke Engineering (2001) conducted snorkeling surveys in the
Stehekin River from September 2000 through August 2001. A total of 43,378 fish were observed during the surveys, representing 2
families and 7 species, including:

• Salmonidae: pygmy whitefish, cutthroat trout, bull trout;

• Salmonidae: cutthroat trout (n = 22), rainbow trout (n = 202),
kokanee salmon (n = 40,520 adult spawners and 1,000
fry), Chinook (n = 68 adults and 2 juveniles), brook trout
(n = 156), lake trout (n = 3), unidentified fry (n = 1,401);

• Gadidae: burbot; and

• Gadidae: burbot (n = 4).

• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;

• Gasterosteidae: threespine stickleback;

Three families and 8 species were introduced to the lake or its
tributaries:
• Cyprinidae: tench;
• Salmonidae: Arctic grayling, rainbow trout, kokanee salmon,
Chinook salmon, brook trout, lake trout; and
• Centrarchidae: smallmouth bass.

Of these species bull trout are extinct, cutthroat numbers are
low, and pygmy whitefish abundance is unknown. Tench and
Arctic grayling failed to become established in the lake. The presence of longnose sucker might have been a misidentification of
bridgelip sucker as the two species morphologically resemble each
other. Each of the other species recorded above occurred either in
Lake Chelan or its tributaries.
Evermann (1899) reported the presence of 9 species, representing 4 families of fish, in Lake Chelan:
• Cyprinidae: peamouth, northern pikeminnow, redside shiner;
• Catostomidae: longnose sucker, largescale sucker;
• Salmonidae: mountain whitefish, cutthroat trout, bull trout; and
• Gadidae: burbot.

Schultz and DeLacy (1935 / 1936) reported that the same species recorded by Evermann occurred in Lake Chelan plus tench
(Family Cyprinidae) were found there.
Brown (1984) reported that bridgelip sucker was another native
species found in Lake Chelan. Also, Brown (1984) reported that
several species of salmonids were introduced into Lake Chelan, including: rainbow trout (first introduced in 1917), kokanee salmon
(first introduced in 1917), Chinook salmon (first introduced in
1974), and lake trout (introduced in 1980, 1981, and 1982).
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Lee et al. (1980) prepared distribution maps by examining
specimens placed in museum collections. They recorded the presence of northern pikeminnow, leopard dace, speckled dace, and
largescale sucker in Lake Chelan.
From August 2004 to August 2006, Beauchamp (2007) set gill
nets in Lake Chelan and captured 5 families and 10 species of fishes,
including:

Cutthroat trout, bull trout, and burbot were the primary species harvested from Lake Chelan in the late 1800s and early 1900s
(Brown 1984). After kokanee were introduced in 1917, for the next
60 years (until 1976) they dominated the catch (Brown 1984).
From June through September 1981, a WDFW creel survey estimated that 4,434 anglers fished a total of 13,303 hours to catch
2,322 fish comprised of 63% rainbow trout (n = 1,467), 19% kokanee
salmon (n = 466), 15% cutthroat trout (n = 352), and 3% Chinook
salmon (n = 67) (Brown 1984). Additionally, 21 setlines with a total
of 274 hooks caught 131 burbot (0.479 burbot / hook) (Brown 1984).
A few northern pikeminnow, bridgelip sucker, and lake trout were
caught (numbers not specified). In 1982, it was estimated that 47
anglers fished using set lines for burbot over the entire year. They
made 261 sets and harvested 1,626 burbot (Brown 1984).
A creel survey was conducted at Lake Chelan from April to
October 1999. A total of 1,959 angers were observed fishing; 885
of them were interviewed. Based on the interviews a total of 1,486
fish were caught. Catch and harvest estimates were:
• 3 cutthroat trout (2 released and 1 kept);
• 240 rainbow trout (96 released and 144 kept). Length and
weight collected from a subsample of 50 fish averaged
(ranged) 286 (190–460) mm TL and 275 (92–1,015) g;
• 989 kokanee salmon (146 released and 843 kept). Length
and weight collected from a subsample of 223 fish averaged (ranged) 252 (208–390) mm TL and 172 (100–580) g;
• 34 Chinook salmon (20 released and 14 kept). Length and
weight collected from a subsample of 14 fish averaged
(ranged) 425 (275–723) mm TL and 1,215 (222–5,484) g;
• 145 lake trout (35 released and 110 kept). Length and
weight collected from a subsample of 71 fish averaged
(ranged) 553 (365–838) mm TL and 2,517 (487–11,078) g;
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• 12 burbot (0 released and 12 kept). Length and weight
collected from a subsample of 4 fish averaged (ranged)
604 (580–621) mm TL and 1,127 (1,000–1,380) g.
• 35 smallmouth bass (28 released and 12 kept). Length
and weight collected from a subsample of 25 fish
averaged (ranged) 430 (389–470) mm TL and 1,585
(622–2,406) g; and
• 28 other fish (20 released and 8 kept).
From July to September, Duke Engineering (2001) conducted
23 creel surveys along the Stehekin River. Twenty one anglers
were interviewed. All of the fish caught were salmonids, including
11 cutthroat trout, 28 rainbow trout, 1 cutthroat / rainbow hybrid,
and 1 Chinook salmon.
In 1903, Lake Chelan was stocked with 2,000 yellowstone cutthroat trout (Montana black spotted trout) (Kershaw 1904). This
subspecies did not establish natural spawning populations in
Lake Chelan or its tributaries. Westslope cutthroat trout subspecies were native to Lake Chelan (Williams 1998; Trotter et al. 2001;
BeLake 2002). They grew up in the lake and made adfluvial migrations into tributary streams for spawning. They are still present in
Lake Chelan and its tributaries, although their present populations
are diminished in comparison to their historical abundance.
Construction of a state fish hatchery at Stehekin in 1909 devastated the westslope cutthroat trout in Lake Chelan. This hatchery “mined westslope cutthroat trout” in the sense that eggs were
extracted from spawning females returning to tributaries of Lake
Chelan but few of the fish reared at the hatchery were stocked back
into them. Instead, the Washington Department of Game stocked
fish raised at the hatchery at numerous locations throughout eastern Washington. An insufficient number were stocked back into the
Lake Chelan tributaries to replenish the population of cutthroat to
replace the adults that furnished the eggs, which eventually resulted
in the collapse of cutthroat populations in Lake Chelan (Brown 1984).
From 1909–1927 WDFG operated up to 13 traps annually from mid
august to mid June to capture spawning cutthroat trout to collect millions of eggs for hatchery operations. From 1916–1927, cutthroat trout
spawning operations in Lake Chelan tributaries trapped a total of
8,785 females which produced 8,055,845 eggs. Few of the fry produced
from those egg takes were released back into tributaries to replace
the adults. Records from 1916–1927 documented that the number of
spawning adults collected in these tributaries gradually declined from
1,697 in 1916 to 9 in 1927 (Viola and Foster 2002). The hatchery was
closed after 1927 because too few adults returned to spawn. Also, contributing to the decline in native westslope cutthroat, WDFG began introducing non-native rainbow trout in 1917 (n = 51,913; Darwin 1916c)
and non-native kokanee salmon in 1916 (n = 318,035) (Darwin 1917),
1917 (n = 24,000) (Darwin 1920), and 1918 (n = 383,723) (Darwin 1921)
so that cutthroat had to compete for food with the non-indigenous
species in a very unproductive lake. Moreover, in some instances native cutthroat hybridized with non-indigenous rainbow trout.
From 1916–1927, a total of 2,275,630 cutthroat trout were planted
in Lake Chelan or its tributaries (Riseland 1909; Darwin 1916a, 1917,
1920, 1921a; Dibble and Kinney 1923). Additional plants that totaled
1,912,594 cutthroat trout were made in 1934, 1939, 1941, 1980–1987,
1989–1990, 1992–1994, and 1996–1999.
In 1917, and from 1918–1921, a total of 669,213 steelhead / rainbow trout were stocked in Lake Chelan and / or its tributaries
(Darwin 1916a, 1920, 1921a). In 1936, 4,500 steelhead trout were

planted in Lake Chelan (Hillman et al. 2000). In 1952 and 1957, a
total of 109,000 kamloops (adfluvial rainbow trout) were planted
in Lake Chelan (Hillman et al. 2000). From 1937–1949, 1951–1954,
1956–1957, 1962, 1965, 1967, 1970, 1980–1985, and 1990–1999 a total of
4,618,380 rainbow trout were planted in Lake Chelan or its tributaries (Hillman et al 2003; WDFW fish stocking data base 1934–2009).
Each of the 23 named tributaries of Lake Chelan harbored adfluvial populations of rainbow trout in 1982 and 13 of them harbored smaller populations of adfluvial cutthroat trout. Total rainbow trout in all 23 tributaries numbered 11,560 (lower estimate)
to 18,104 (upper estimate). Total cutthroat trout in 13 tributaries
numbered 528 (lower estimate) to 658 (upper estimate).
Commencing in 2002 the fisheries agencies began a five year
phased replacement of 100,000 rainbow stocked annually with increasing proportions of Twin Lakes cutthroat trout until only cutthroat were stocked. Concomitantly, the fisheries agencies eliminated stocking of rainbow trout in high lakes and tributaries in the
Lucerne Basin of Lake Chelan (Chelan County PUD 2001).
• In 2001, 16,000 cutthroat trout and 84,000 rainbow
trout were to be stocked;
• In 2002, 35,000 cutthroat trout and 65,000 rainbow
trout were to be stocked;
• In 2003, 60,000 cutthroat trout and 40,000 rainbow
trout were to be stocked;
• In 2004, 80,000 cutthroat trout and 20,000 rainbow
trout were to be stocked; and
• In 2005, 100,000 cutthroat trout and no rainbow trout
were to be stocked.
Twin Lakes cutthroat are on appropriate stock of cutthroat to use
for restocking Lake Chelan because cutthroat trout from Lake Chelan
were stocked into the Twin Lakes to start the Twin Lakes stock.
Two genetic strains of kokanee were stocked in Lake Chelan.
From 1934–1966, a total of 42,812,050 kokanee from Lake Whatcom
that were raised at several Washington hatcheries were planted. In
1957, 400,000 kokanee from Kootenay Lake, British Columbia were
planted. Both strains established natural spawning populations in
Lake Chelan. The Kootenay Lake fish spawn at age 2+ in August and
September. The Lake Whatcom kokanee spawn at age 2+, 3+, 4+,
and 5+ from late September to mid November. In 1978, and from
1984–2007, an additional 12,919,343 hatchery kokanee were planted
in Lake Chelan or 25-mile Creek. In 1953 and 1954, a total of 1,369
sockeye salmon were stocked in Lake Chelan (Hillman et al. 2000).
The majority of kokanee spawning in the Lake Chelan Sub-basin
occurs in five tributaries: First, Twenty-five mile and Safety Harbor
creeks and two tributaries (Company and Blackberry creeks) of the
Stehekin River (Fielder 2000). Large numbers of kokanee returned to
tributaries of Lake Chelan in 1981 and 1982 (n = count in 1981; count in
1982), to Mitchell (n = 99; 130), Safety Harbor (n = 1,020; 1,920), First
(n = 479; 611), Twenty-five Mile (n = 1,808; 1,936), Fish (n = 75; 122),
and Company (n = 1,473; 6,050) creeks (Brown et al. 1984). Smaller
numbers of kokanee returned to nine other Lake Chelan tributaries in
1981 and 1982. Kokanee spawning escapement for all tributaries combined totaled 12,700–19,256 in 1981 and 22,618–34,305 in 1982 (Brown
1984). Estimated number of kokanee spawning in the Stehekin River
totaled 34,805–46,721 in 1981 and 81,813–123,332 in 1982 (Brown 1984).
Total kokanee spawning escapement for Lake Chelan (± range) was
estimated at 54,750 (43,500–66,000) in 1981 and 130,750 (103,900–
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187,000) in 1982 (Brown 1984). Sex ratio was about 40% females and
fecundity averaged approximately 500 eggs per female; so potential
egg deposition was 10,950,000 in 1981 and 26,150,000 in 1982.
About 1.5 million opossum shrimp Mysis relicta were transplanted by WDFW from Kootenay Lake, British Columbia, into
Lake Chelan in 1968, 1969, and 1971, and by 1975 they became established as a permanent member of the zooplankton community
(Brown 1984). Their densities averaged (ranged) 0.84 (0.56–1.62)
individuals ⁄ m³ in 1981–1982, and 3.62 (1.52–6.50) individuals ⁄ m³
by 1999 (Hillman et al. 2000). The purpose of this transplant was
to provide larger prey for kokanee salmon and thus improve the
growth rates of kokanee, leading to larger size of kokanee in the recreational fishery (Brown 1984). Instead, shortly after the introduction of Mysis, the kokanee population suddenly crashed. This was
similar to the kokanee crashes in Flathead Lake, Montana (Spencer
et al. 1991) and Pend Oreille Lake, Idaho (Rieman and Bowler 1980;
Rieman and Falter 1981; Chipps and Bennet 2000; Clarke and
Bennett 2002a, 2002b) following the introduction of Mysis in those
lakes. Apparently, Mysis outcompeted juvenile kokanee for cladocera and copepods, which reduced kokanee survival.
A second factor contributing to the decline of kokanee was the
introduction of Chinook salmon from 1974–1978 by WDFW. Angler
CPUE of kokanee decreased from about 2.0 kokanee per hour to
about 1.0 kokanee per hour following the introduction of Mysis
and to 0.1–0.5 kokanee per hour following the introduction of
Chinook salmon (Brown 1984). Chinook consumed kokanee and
as kokanee populations decreased, the size of Chinook in Lake
Chelan also decreased. Chinook from these plants established
natural spawning populations in tributaries that made adfluvial
migrations into Lake Chelan. From 1974–1978, Chinook salmon
(n = 323,380) were stocked into net pens in Lake Chelan or in
Twenty-five Mile Creek (Hillman et al. 2000). From 1990–1999, an
additional 1,063,184 chinook salmon were planted in Lake Chelan
or its tributaries (Hillman et al. 2000).
Small numbers of Chinook spawners were observed from 1981-1983
in Twenty-five Mile Creek (n = 2-16) and Company Creek (n = 7–19).
All hatchery Chinook released from 1990–2000 were fin clipped.
No fin clipped Chinook were caught by anglers in a salmon derby
that is held annually on Lake Chelan and few have been caught by
sport anglers (interviewed by creel clerks), which supports the notion that the fishery is for naturally produced Chinook rather than
the hatchery plants.
After kokanee salmon became established in the lake, average
size of adfluvial bull trout in Lake Chelan increased from 1.4 to
4.1 kg (3–9 lb). They were harvested by anglers until about 1951,
when they abruptly disappeared from the lake. In 1951, large numbers of bull trout were observed “sick and dying” along the shoreline covered in fungus. Brown (1984) speculated that a foreign
pathogen introduced by stocking non-indigenous fish, resulted in
an epizootic that wiped them out.
Studies conducted in 1999 and 2000 by Duke Engineering
(2000a, 2000b) captured lake trout fry in Lake Chelan and the
Stehekin River, indicating successful natural reproduction.
Lake trout (or mackinaw) (n = 22,034) were introduced to Lake
Chelan from 1980–1982 (Hillman et al. 2000). Lake trout subsequently established natural spawning populations in Lake Chelan.
From 1990–1999, an additional 749,793 lake trout were planted in
Lake Chelan (Hillman et al. 2000). Mean (range) in number stocked
annually during this 10-year interval was 78,142 (12,000–129,000).
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Viola and Foster (2002) noted that introductions of lake trout
into bull trout waters often result in the elimination of bull trout.
Citing a paper by Donald and Alger (1993), that documented introductions of lake trout into alpine lakes containing bull trout
resulted in competition between the two species and the subsequent eradication of bull trout. Viola and Foster (2002) felt that
re-establishment of bull trout into Lake Chelan would require that
lake trout stocking be curtailed and that, because lake trout have
established natural spawning populations in the lake, they would
have to be exterminated before bull trout could be successfully reintroduced to Lake Chelan. This would be a difficult call for WDFW
to make because of the popularity of lake trout among sport anglers. Brown (1984) reported that resident bull trout still exist in the
Stehekin River drainage. One management recommendation has
been to re-introduce bull trout into tributaries of Lake Chelan.
The Washington state record lake trout caught by an angler was
caught in Lake Chelan in August 2001. The fish weighed 15.2 kg
(33.41 lbs). This record stood until in December 2001 when a
16.1 kg (35.4 lbs) lake trout was caught.
Lake trout are known to consume kokanee salmon, cutthroat
trout and Mysis relicta in Lake Chelan. Their extraordinary growth
rates are thought to be related to consumption of Mysis in the deep,
cold waters of the lake, where their lower metabolic rate allows
lake trout to store more of the energy from the foods they eat as
growth rather than expend it to meet metabolic demands.
It is planned to discontinue the lake trout stocking program in an
attempt to restore native bull trout. This is likely to be resisted by anglers, who view the lake trout as a potential trophy fishery in Lake
Chelan.
In 1918 and 1921, a total of 35,000 brook trout were stocked in
Lake Chelan and First Creek (Darwin 1920, 1921a). In 1933 an additional 146,130 brook trout were planted in Lake Chelan and its
tributaries (Hillman et al. 2000).
Pygmy whitefish still occur in Lake Chelan. Their presence
was documented in deep water gill net surveys conducted in 1996
(Mongillo and Hallock 1998).
Arctic grayling (Thymallus arcticus) (n = 12,000) were introduced in 1945 and Dolly Varden (Salvenlinus malma) were introduced in 1966 but failed to become established in the lake
(BioAnalyst Inc. 2000).
In 1990, smallmouth bass were illegally introduced into the
Wapato Basin. They soon established natural spawning populations in Lake Chelan and their numbers are currently growing.

METHOW RIVER SUB-BASIN
The Methow River Sub-basin comprises 4,727 km² (1,825 mi² or
1,167,764 acres) in Okanogan County, Washington. The river flows
129 km (80 mi) from its source at Methow Pass in the Cascade
Range [elevation: 1,730 m (5,677 ft) above MSL] to its confluence with the Columbia River near Pateros, Washington [elevation: 239 m (784 ft) above MSL]. The river was named after the
Methow Indian Tribe which is today part of the Confederated
Tribes of the Colville Indian Reservation. The Indians named the
river Buttlemuleemauch, which meant “salmon falls river.” Various
Northwest Company and Hudson Bay Company fur traders, and
members of the Wilkes Expedition (1841) and the Pacific Railroad
Survey Expedition (1856), called the Methow “the Barrier River.”
The river and its tributaries flows mostly through Forest Service
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lands or wilderness areas. A map and photographs of the Methow
River Sub-basin are shown respectively in Figure 5.74 and 5.75.
The average (minimum–maximum) discharge of the Methow
River measured at USGS gauge #12449950 at RM 6.7 near Pateros,
Washington over a 49-year period of record (1960–2009) was 1,524
(150–28,800) cfs.
Major tributaries of the Methow River include Gold Creek [enters on the right bank at RKM 34.9 (RM 21.8)], Libby Creek [left
bank, RKM 43 (RM 26.9)], Twisp River [right bank, RKM 64.3 (RM
40.2)], Beaver Creek [right bank, RKM 60.0 (RM 35.2)], Chewack
River [left bank, RKM 80.2 (RM 50.1)], Wolf Creek [right bank,
RKM 84.5 (RM 52.8)], Early Winters Creek [right bank, RKM 107.7
(RM 67.3)], and Lost River [left bank, RKM 116.8 (RM 73.0)].
Tributaries of the lower Methow River (e.g., Gold Creek) arise
in the Lake Chelan-Sawtooth Wilderness at Hoodoo Peak (elevation: 8,646 ft) and join the Methow River at an elevation of
800 ft. The Twisp River flows 44.8 km (28 mi) from its source to
its confluence with the Methow River. Over its course it is joined
by 10 tributaries (North, South, Reynolds, Eagle, War, Buttermilk,
Canyon, Little Bridge, Newby and Poorman creeks). Its tributaries
arise along steep razor ridges of Star Peak (elevation: 8,680 ft) and
Gilbert Mountain (8,023 ft). At the confluence of the Twisp and
Methow rivers the elevation is 1,600 ft.
Between the Twisp and Chewack rivers, six tributaries flow
into the Methow River (Bear, Alder, Beaver, Blue Buck, Frazer, and
Benson creeks). The Chewack River flows 71.9 km (44.8 mi) through
a U-shaped valley. The head of the valley is surrounded by steep
slopes of Cathedral Peak (elevation 8,661 ft) and Windy Peak (elevation 8,331 ft) in the Pasayten Wilderness. The elevation is 1,700 ft at
the confluence of the Chewack and Methow rivers. A barrier falls exists at RKM 51.2 (RM 32.0) on the Chewack River. The principal tributaries of the Chewack River are Dog, Thirtymile, Andrews, Lake,
Twentymile, Falls, Eightmile, Cub, and Boulder creeks. Waterfalls
and steep gradients that act as velocity barriers prevent salmonids
from ascending most tributaries of the Chewack River.
Early Winters Creek arises near Liberty Bell Peak (elevation
6,800 ft) and drops 4,360 ft over its course of 25.1 km (15.7 mi) to
join the Methow River near the town of Mazama, Washington. The
elevation at the confluence is 2,140 ft. An impassable barrier falls
at RKM 12.8 (RM 8.0) prevents salmonids from ascending Early
Winters Creek above that point. Varden and Cedar creeks are the
main tributaries of Early Winters Creek.
The Lost River lies almost entirely within the Pasayten
Wilderness. It flows 40.4 km (25.5 mi) between its source at an elevation of approximately 6,900 ft to its confluence with the Methow
River (elevation 2,600 ft). Tributaries of the Lost River include
Drake, Monument, and Eureka creeks.
Several tributaries, besides Early Winters Creek, enter the
upper Methow River between its confluence with Lost River
(RM 73.0) and Chewack River (RM 50.1) These include Brush,
Trout, Rattlesnake, Robinson, Gate, Little Boulder, Goat, Fawn,
Hancock, Wolf and Little Falls creeks. Many of these tributaries arise along the slopes of the cascades crest near tower Tower
Mountain (elevation: 8,844 ft), Mt. Hardy (elevation 8,880 ft) and
Harts Pass (elevation 6,178 ft).
A hydroelectric dam constructed in 1911 by the Washington
Water Power Company at Pateros blocked all fish passage into the
Methow for 18 years until its removal in 1929. Currently there are
at least 27 irrigation canals in operation in the Methow sub-basin.

Wolf et al. (2004) have described a variety of factors such as timber
harvest, forest fires, livestock grazing, and inadequate discharges related to irrigation that affected the fish communities in the Methow
Sub-basin. However, most of the watershed is undeveloped with
high quality fish habitat that is created by natural processes.
Eight families and at least 25 species of fishes are known to inhabit the Methow Sub-basin (Wolf et al. 2004), including:
• Petromyzontidae: Pacific lamprey;
• Cyprinidae: carp, northern pikeminnow, longnose dace, redside shiner, tench;
• Catostomidae: bridgelip sucker, largescale sucker;
• Ictaluridae: brown bullhead;
• Salmonidae: mountain whitefish, cutthroat trout (most likely
westslope variety), coho salmon, rainbow / steelhead trout
(some of which are interior redband variety), sockeye salmon, Chinook salmon, brown trout, bull trout, brook trout;
• Cottidae: mottled sculpin, shorthead sculpin, torrent sculpin;
• Centrarchidae: smallmouth bass, largemouth bass, white
crappie; and
• Percidae: walleye.

During surveys made by the United States Fish and Wildlife
Service during the late 1930s and early 1940s (Bryant and Parkhurst
1950), fish assemblages were recorded for the mainstem Methow,
Twisp, and Chewack rivers. The fish assemblage in the Methow
mainstem was comprised of:
• Cyprinidae: peamouth, northern pikeminnow;
• Catostomidae: unidentified sucker; and
• Salmonidae: mountain whitefish, cutthroat trout, coho salmon, steelhead / rainbow trout, Chinook salmon, bull trout
(called Dolly Varden in their report).

The fish assemblage in the Twisp River was comprised of:
• Salmonidae: coho salmon, steelhead / rainbow trout, Chinook
salmon, bull trout;

The fish assemblage in the Chewack River was comprised of:
• Salmonidae: mountain whitefish, cutthroat trout, coho, steelhead / rainbow trout, Chinook salmon, bull trout, only
resident rainbow (presumably the interior redband variety)
occurred above Chewack Falls (RM 32 of 48).

Pacific lamprey occur in the Methow River (Peven 2003).
Ammocoetes larvae were collected between RKM 8.0 (RM 5.0)
and the mouth of the Chewack River [RKM 80.2 (RM 50.1)]
(McGee et al. 1983; Hubble and Harper 1999). Pacific lamprey
occurred historically throughout the Methow Sub-basin in association with anadromous salmonids. In 1933 and 1934, the
number of adults counted in the fish ladder at Rock Island Dam
numbered approximately 200,000–250,000. From 1983–2000
about 1,000–2,000 or lower numbers of adults were counted at
Rock Island and 100–1,000 adults were counted at Rocky Reach
Dam (Close et al. 1995). By 2003, the number counted had risen
to about 5,000 adults at Rock Island Dam and about 2,000
adults at Rocky Reach Dam in association with increases in the
number of anadromous salmonids passing those dams. Pacific
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Lamprey move through fish ladders mainly at night, so counts
before 1992 at Rock Island Dam and counts before 1996 at Rocky
Reach Dam are considered to be conservative estimates because
fish were counted only during the day. Since those dates video
tape or digital video records of fish passage was made over 24
hours per day (Wolf et al. 2004). From 2004–2010 an average
(range) of 3,388 (754–6,804) Pacific lamprey ammocoete larvae,
and 370 (37–1,096) transforming juvenile Pacific lamprey have
been collected in a juvenile migration trap on the mainstem of
the Methow River and < 1 Pacific lamprey larvae and 0 Pacific
lamprey juveniles have been collected per year at a juvenile migration trap in the Twisp River (Table 5.57a and 5.57b).
Distribution maps in Lee et al. (1980), based on voucher specimens in museum collections, indicated the presence of peamouth,
northern pikeminnow, tench, largescale sucker, mottled sculpin,
and torrent sculpin in the Methow River. A specimen of torrent
sculpin was collected at RM 10.0 in the Methow River in 1963
by Patten and is stored at the Illinois Natural History Museum
(Specimen No. INHM 88118). Two more specimens of torrent sculpin were collected in the Methow River and stored in the UW fish
collection [Specimen No.'s UW 1836 (collected in 1931) and UW
51587 (collected in 1938)]. Specimens of mottled sculpin and shorthead sculpin were collected from the Methow River in 2003 and
stored in the Stanford University fish collection (Specimen No.'s
SU 377099 and SU 377098).
The Methow River has a sizeable population of mountain
whitefish. Snorkeling surveys conducted by the USGS-BRD and
USFS indicated that mountain whitefish comprised nearly 80%
of the fish community (W. Tibbits, USGS-BRD, pers. comm. to
J. Campbell, 2009). A winter fishery for mountain whitefish occurs in the Methow River (Williams 1975; Bob Jateff, WDFW, Twisp,
Washington, pers. comm.). Because few anglers target mountain
whitefish and the population is so large, WDFW allows a liberal
harvest limit of 15 fish with no minimum size.
Sixteen of 61 mountain whitefish in the UW fish collection were
collected from a variety of habitats in the Methow River, including the mainstem, tributaries, and irrigation ditches. Specimens
UW 4650, UW 4716, UW 5154, and UW 6267 were collected in the
Methow mainstem in 1938. Specimen UW 4771 was collected in the
Twisp River in 1938. Specimen 16030 was collected in the Chewack
River in 1938. Specimens Us 4760, US 4768, UW 5027, UW 5405, and
UW 5413 were collected in the Methow irrigation ditch in 1938.
Specimens US 4653, UW 4758, UW 5061, and UW 5377 were collected
in the Fulton irrigation ditch in 1929 and 1938. Specimen UW 4780
was collected from the Chewack ditch in 1938.
Westslope cutthroat trout were native to the headwater
tributaries (e.g. Cedar, Eightmile, Goat, North Fork, and Wolf
creeks and Lost and West Fork Methow rivers) of the Methow
Basin (Williams 1998). The presence of westslope cutthroat trout
greater than 500 mm TL in the Methow River suggested that they
might make adfluvial migration to feeding grounds in the midColumbia Reservoirs (Peven 2003). At some locations in the
Methow Sub-basin non-native brook trout have replaced westslope cutthroat trout, e.g. Eightmile Creek (Mullan et al. 1992;
Williams 1998).
The historical run size of coho salmon into the Methow Subbasin was about 23,000–31,000 (Mullan 1984). Assessments of
the feasibility of re-introducing coho into the Methow River
were made by Dunnigan (1999), Murdoch (2001), Murdoch and
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Dunnigan (2002), Murdoch and LaRue (2002), and Murdoch et al.
(2004a, 2004b, 2005, 2006a, 2006b, 2006c).
From 1995–2005, the Yakima Tribe in conjunction with USFWS
stocked a total of 23,162,002 coho salmon in the Methow Sub-basin,
including 20,390,202 at Winthrop National Fish Hatchery (WNFH),
200,000 into Chewack River, and 77,000 into Wolf Creek. In 1998,
246 coho returned to Wells Dam and 88 returned to Winthrop NFH
in the Methow River. In 2003, 107 adult coho returned to the Methow
River. In 2004, 271 adult coho returned to the Methow River. In 2005,
376 adult coho returned to the Methow River (130 to WNFH).
A total of 28 coho redds were counted in the Methow Subbasin in 2003, 13 in the Methow mainstem, 5 in Beaver Creek, 3
in Gold Creek, and 7 in Spring Creek (the WNFH outfall tributary
(Murdoch et al. 2006a). A total of 31 coho redds were counted in
the Methow Sub-basin in 2004, 13 in the Methow mainstem, 1 in
Beaver Creek, 17 in Spring Creek, and none in Gold Creek, Twisp
River or Wolf Creek (Murdoch et al. 2006b). A total of 43 coho
redds were counted in the Methow Sub-basin in 2005, 18 in the
Methow mainstem, 25 in Spring Creek and none in Beaver, Gold,
or Wolf creeks, or the Twisp River.
Between 2004 and 2010, a downstream migration trap in the
Methow River captured a total of 172 wild coho smolts and 19,890
hatchery coho smolts. The number collected annually averaged
(ranged) 25 (5–86) wild coho smolts and 2,841 (1,745–4,022) hatchery coho smolts during this 7-year period (Table 5.52a).
Between 2005 and 2010, a downstream migration trap in the
Twisp River captured a total of 4 wild coho smolts and 2 hatchery
coho smolts. The number collected annually averaged (ranged) 1
(0–3) wild coho smolts and < 1 (0–2) hatchery coho smolts during
this 6-year interval (Table 5.52b).
In 1999, snorkel surveys were made to count the numbers
of coho that had residualized in the Methow (RKM 76.0–82.4,
RM 47.5–51.5) and Chewack (RKM 15.2–18.1, RM 9.5–11.3) rivers.
Residualized coho are coho that have lost their urge to migrate
to the ocean and instead remain in freshwater where they complete their life cycle. No residualized coho were counted in the
Methow River, but snorkelers did observe wild rainbow / steelhead
trout fry and parr, hatchery steelhead smolts, wild spring Chinook
parr, mountain whitefish, bull trout, brook trout and brown trout
(Dunnigan 1999). A total of 33 residualized coho were observed in
the Chewack River along with wild steelhead / rainbow trout parr,
wild spring Chinook parr, mountain whitefish and bull trout.
In 2000, snorkel surveys were made to count coho that had
residualized in a 18.2 km segment of the Methow River below their
release site at Winthrop NFH (RKM 82.9–64.7). Of 199,800 coho
smolts released from Winthrop National Fish Hatchery (WNFH),
4 residuals were observed in the Methow River below the hatchery (which was expanded to 25 residuals). Chinook subyearlings
(n = 122), Chinook adults (n = 1), rainbow / steelhead (n = 237), bull
trout (n = 6), and cutthroat trout (n = 8) were also observed during
these surveys.
In 2001, snorkel surveys were made to count coho that had
residualized in the Methow River below WNFH. Of 260,319 coho
smolts released, 1 residualized coho was observed and 5 were estimated to have residualized (Murdoch and LaRue 2002). Chinook
salmon subyearlings (n = 191), Chinook salmon adults (n = 229),
rainbow / steelhead (n = 79), bull trout (n = 1), and cutthroat trout
(n = 2) were also observed during these surveys. Expansions of
these counts yielded an estimated 729 Chinook subyearlings, 910
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Total
Average

71,770
10,253

6,541
6,560
7,533
19,330
16,330
3,316
12,160
116,814
16,688

33,062
43,863
6,409
14,933
4,308
8,925
5,314
2,075
296

342
300
362
180
156
405
330
28,263
4,038

10,172
4,557
5,229
1,771
2,290
1,938
2,306

Steelhead/
Rainbow
(hatchery)

172
25

86
21
9
24
5
16
11

Coho
(wild)

19,890
2,841

3,826
4,022
2,695
1,853
2,588
3,161
1,745
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(hatchery)

462
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0
0
388
9
21
14
30

Sockeye
(wild)

0
0

0
0
0
0
0
0
0

Sockeye
(hatchery)
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Chinook
Yearling
(wild)

141
843
283
2,545
645
979

5,436
906

Year

2005
2006
2007
2008
2009
2010

Total
Average

68,977
11,496

12,528
15,061
2,374
10,808
6,162
22,044

Chinook
Yearling
(hatchery)

7,701
1,284

3,403
970
682
624
1,662
360
2,990
498

372
504
333
652
658
471

Chinook
Steelhead/
Subyearling Rainbow
(wild)
(wild)

45,546
7,591

5,383
12,010
6,099
8,836
8,390
4,828

Steelhead/
Rainbow
(hatchery)

4
0.7

0
0
0
0
1
3

Coho
(wild)

2
0.3

0
0
0
0
2
0

Coho
(hatchery)

5
1

0
0
3
0
0
2

Sockeye
(wild)

0
0

0
0
0
0
0
0

Sockeye
(hatchery)

Number of salmonid smolts and larval / juvenile Pacific lamprey captured in down stream migration traps in the Twisp in 2005–2010.

2,988
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2004
2005
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2008
2009
2010

Table 5.57b

679
335
552
389
706
113
214

Year

Chinook
Chinook
Steelhead/
Yearling Subyearling Rainbow
(hatchery)
(wild)
(wild)

152
25

50
22
10
21
21
28

Bull Trout

13
2

0
0
2
4
1
6
0

Bull Trout

Number of salmonid smolts and larval / juvenile Pacific lamprey captured in down stream migration traps in the Methow in 2004-2010.
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0
0

0
0
0
0
0
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Pacific
Lamprey
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2,589
370

89
84
851
37
231
201
1,096

Pacific
Lamprey
Juvenile

1
0

0
0
0
1
0
0

Pacific
Lamprey
Larva

23,713
3,388

1,655
754
2,671
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6,804
4,262
5,421

Pacific
Lamprey
Larva
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Chinook adults, 229 rainbow / steelhead, 4 bull trout, and 9 cutthroat trout.
Steelhead historically spawned in the Methow mainstem, in
the Chewack, Lost, and Twisp rivers, and in Beaver, Early Winters,
Gold, and Wolf creeks (Fulton 1970; Peven 2003). Steelhead / rainbow trout are present throughout the Methow River and in Black
Canyon Creek (to RKM 0.6), Gold Creek (to Rkm 10.2, Libby
Creek (to Rkm 5.4), Beaver Creek (to RkM 14.8), Hancock Creek
(to RkM 0.8), Little Boulder Creek (to RkM 1.7), War Creek (to
RkM 1.9), the Twisp River and its tributaries Andrews (to RkM 0.8),
Twentymile Creek (to RkM 2.3), Falls Creek (to rkM 0.3), Cub
Creek (to RkM 0.6), and Boulder Creek (to RkM 1.8) (Compiled by
WDFW in Streamnet.org, queried 20 December 2010).
Steelhead / rainbow trout in the Methow Basin exhibit a variety
of life history strategies ranging from tributary residents to anadromous. Because many of the tributaries of the Methow are cold,
growth of rainbow is too slow for them to reach the critical size
needed for smoltification by age 1 or age 2 like most steelhead in
the Columbia Basin, so they residualize and become stream residents. Some individuals are displaced downstream where warmer
water stimulates growth and the opportunity to smolt at older ages
(age 3 to age 7). Some of them instead of migrating all the way to
the ocean become adfluvial migrants, migrating only as far as the
mid-Columbia Reservoirs before returning as adults to spawn in
their natal tributaries.
Spawning grounds are typically not surveyed for steelhead
redds because spawning occurs during high discharge in the spring
when water visibility is low. Steelhead redd counts are available for
the Methow River (RM 0.0–81.2) from 1982–1999. The total numbers of redds, annual average (and minimum–maximum number
of redds) counted annually during each decade were:
• 2,755; 347 (114–160) from 1982–1989; and
• 2,994; 299 (98–837) from 1990–1999.
Estimates of the spawning population of steelhead in the
Methow River are available from 1982–2009 (Table 5.58). Total
counts for all 28 years and annual average (minimum–maximum)
counts during each year were: 9,640; 337; and (76–784) respectively.
Estimated spawning populations of steelhead were less than the
numbers of redds that were counted. Thus, it seems possible that
the number of redds counted may have included some resident,
fluvial or adfluvial rainbow trout redds.
Most (about 93–94%) of the steelhead emigrating from the
Methow and Twisp rivers were raised in fish hatcheries. Only 6–7%
are wild steelhead. For example, between 2004 and 2010, a downstream migration trap in the Methow River captured a total of 2,075
wild steelhead / rainbow trout smolts and 28,263 hatchery steelhead / rainbow trout smolts (Table 5.57a). The number collected
annually averaged (ranged) 296 (156–405) wild steelhead / rainbow
trout and 4,038 (1,771–10,172) hatchery steelhead / rainbow trout
during this 7-year interval.
Between 2005 and 2010, a downstream migration trap in the Twisp
River captured a total of 2,990 wild steelhead / rainbow trout smolts
and 45,546 hatchery steelhead / rainbow trout smolts (Table 5.52). The
number collected annually averaged (ranged) 498 (333–658) wild
steelhead / rainbow trout and 7,591 (4,828–12,010) hatchery steelhead / rainbow trout during this 6-year interval (Table 5.57b).
Approximately 1.8 million sockeye hatched and raised at Winthrop
NFH were released into the Methow River between 1943 and 1987
412

(Mullan 1986). They established a small natural spawning population
in the Methow that has persisted to the present time (Peven 2003).
Apparently after emerging from their redds fry migrate downstream
to the Columbia River and use one of more of the Columbia mainstem reservoirs as a surrogate nursery lake (Peven 2003).
Between 2004 and 2010, a downstream migration trap in the
Methow River captured a total of 462 wild sockeye salmon smolts
(Table 5.57a). The number collected annually averaged (ranged)
66 (0–388) wild sockeye during this 7-year interval. Between 2005
and 2010, a downstream migration trap in the Twisp River captured a total of 5 wild sockeye (Table 5.57b). The number collected
annually averaged (ranged) 1 (0–3) during the 6-year interval.
Chinook salmon are present throughout the Methow River and in
Gold Creek (to RM 5.17), Bear Creek (to RM 0.96), Rattlesnake Creek
(to RM 0.56), Little Boulder Creek (to RM 0.08); the Twisp River and
its tributaries, Poorman (to RM 0.19), Eagle (to RM 0.12), and War
(to RM 0.50) creeks, and in the Chewack River (to RM 36.53) and its
tributaries, Dog (to RM 0.11), Andrews (to RM 0.29), Twentymile (to
RM 0.59), Cub (to RM 0.40), and Boulder (RM 1.12) creeks (compiled
by WDFW in Streamnet.org, queried 20 December 2010).
The annual number of Chinook salmon that returned to
Methow Hatchery from 1992–2007 (16 years) averaged (ranged)
440 (0–784), comprised of 187 (0–676) females, 159 (0–491) males,
and 96 (0–288) jacks (compiled by WDFW for Streamnet.org, queried 20 December 2010). During the 16-year period 1996–2008, a
total of 8,573,392 Chinook eggs were collected, an average (range)
of 535, 871 (31,500–1,372,032) per year (compiled by WDFW for
Streamnet.org, queried 20 December 2010).
Spring Chinook spawn in the Methow mainstem and in the
Twisp, Chewack, and Lost rivers (Scribner et al 1993). In 1935, the
Methow River run of spring Chinook salmon was estimated at approximately 200–400 fish (Scribner et al. 1993). From 1957–1960
about 1,100 spring Chinook salmon spawned annually throughout
the Methow mainstem, Chewack River (to Chewack Falls), and
lower Twisp River (Fulton 1968). The Chewack River had “the
largest [remaining] spring Chinook run of any single stream above
Rocky Reach Dam” (Fulton 1968).
Genetic analysis has revealed that spring Chinook in the
Methow, Entiat, and Wenatchee Rivers are genetically uniform
because of the influence of the Grand Coulee Fish Maintenance
Project (GCFMP). However, despite this genetic uniformity,
spring Chinook in the Methow, do have some differences in allelic frequencies compared to the Entiat and Methow populations,
and even within the Methow Sub-basin, wild populations in the
Methow, Twisp, and Chewach rivers have distinctive allele frequencies (WDFW et al. 1993). This may indicate the fish in each
River or tributary stream is undergoing genetic modification that
is beginning to locally adapt them to each natal stream.
Spring Chinook salmon redds were counted in the Methow,
Twisp, Chewack, and Lost Rivers each year from 1960–2009
(Schwartzberg and Roger 1986; Kahn 1987, 1988, 1989; Scribner
1991; Smith 2001; Humling and Snow 2006; Hillman et al. 2007;
Groesbeck 2007; Snow et al. 2009; Snow and Frady 2010) Redd
counts during this 50-year interval totaled; averaged (ranged):
• 7,702; 154 (0–2,828) in the Methow River (Table 5.59);
• 4,907; 98 (98 (0–265) in the Twisp River (Table 5.60);
• 4,508; 93 (0–1,105) in the Chewack River (Table 5.61); and
• 2,095; 42 (0–271) in the Lost River (Table 5.62).
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Table 5.58

Estimates spawning populations of steelhead in
the Methow River, 1980–2009. Counts are shown
by decade with number of years counts were made
during each decade. Total counts for each decade,
and annual average (minimum and maximum)
counts during each decade are shown.

Location
Methow River
Methow River
Methow River
Total, or Min, Max

Decade
1980-1989
1990-1999
2000-2009

Estimates of the spawning population of summer Chinook
salmon in the Methow River are available from 1963–2009
(Table 5.64) (Hillman and Miller 1994; Murdoch 2002; Miller
2003, 2004, 2006, 2007; Hillman et al. 2007, 2010; BioAnalysts, Inc.
2009). Numbers of spawners during each decade, during this interval totaled; averaged (ranged):
• 21,312; 3,049 (1,367–5,850) from 1963–1969;

Average
# of Total Annual
years Count Count Min Max
8
10
10

1,885
2,275
5,480

236
228
548

108 443
76 566
285 784

28

9,640

337

76

784

As can be seen from perusing these tables, the number of spring
Chinook redds in each tributary was low in the 1980s and 1990s,
then increased substantially since 2000. This is thought to be related primarily to PDO cycles, which did not favor production of
Columbia River Fish from about 1978–1998, and shifted to favor
production of Columbia River fishes in 1999–2009.
Summer / fall Chinook in the Methow, Entiat, and Wenatchee
rivers are genetically homogenous (Chapman et al. 1994). This
is likely the result of the GCFMP. Additionally, since that time
(1939–1943), the U. S. Fish and Wildlife Service, between 1947 and
1973 periodically stocked summer / fall Chinook obtained from
the Wenatchee and Entiat rivers into the Methow River (Mullan
1987; Peven 1992).
Summer / fall Chinook spawning in the Methow River was
historically nonexistent or limited to a segment near the mouth
(Craig and Soumela 1941; Meekin 1967). At present, summer / fall
(late run) Chinook spawn between RKM 3.2–82.6 (RM 2.0–51.6).
Spawning ground surveys (redd counts) began in 1957 and have
annually been made to the present time. Redds are widely scattered throughout this area with at least 2 redds ⁄ km (1 redd ⁄ mi)
(Hillman and Miller 1993), Redds were most concentrated between RKM 43.5–63.4 (RM 27.2–39.6) and least abundant between
RKM 79.6 and 82.6 (RM 49.8–51.6) (Hillman and Miller 1993).
Summer Chinook salmon redd counts were made between
RKM 0 and RKM 90.2 in the Methow River from 1956–2006
(Table 5.63) (Schwartzberg and Roger 1986; Kohn 1987, 1988,
1989; Langness 1991; Hillman and Ross 1992; Hillman and Miller
1993, 1994, 1995; Miller and Hillman 1996, 1997, 1990; Murdoch
and Miller 1999, 2000; Murdoch et al. 2001; Miller 2005, 2006).
From 1956–1990 summer Chinook redds were counted by making aerial surveys and from 1991–2006 redds were counted by
making ground surveys. Peak numbers of summer Chinook
redds counted during each decade during this interval totaled;
averaged (ranged):
• 1,025; 256 (109–451) from 1956–1959;
• 5,643; 564 (120–1,275) from 1960–1969;
• 4,928; 430 (191–705) from 1970–1979;
• 1,702; 170 (65–345) from 1980–1989;
• 2,369; 237 (107–448) from 1990–1999; and

• 19,718; 1,972 (877–3,233) from 1970–1979;
• 7,784; 778 (298–1,584) from 1980–1989;
• 8,217; 820 (460–1,391) from 1990–1999; and
• 25,080; 2,508 (1,200–4,630) from 2000–2009.
Summer Chinook abundance was also related to PDO cycles. From
1963–1977 and 2000–2009, the PDO favored production of Columbia
River salmon and the numbers returning to spawn were relatively
high, whereas from 1978–1999, the PDO cycle did not favor Columbia
River salmon and the numbers returning to spawn were relatively low.
Between 2004 and 2010, a downstream migration trap in the
Methow River captured a total of 116,814 wild Chinook subyearlings, 2,997 wild Chinook yearlings, and 71,79 hatchery yearlings.
The number collected annually averaged (ranged) 16,688 (4,308–
43,867) wild Chinook subyearlings, 428 (113–706) wild Chinook
yearlings, and 10,254 (3,316–19,339) hatchery Chinook yearlings
during this 7-year interval (Table 5.57a).
Between 2005 and 2010, a downstream migration trap in the
Twisp River captured a total of 7,701 wild Chinook subyearlings,
5,436 wild Chinook yearlings, and 68,997 hatchery Chinook yearlings. The number collected annually averaged (ranged) 1,284
(360–3,403) wild Chinook subyearlings, 906 (141–2,545) wild
Chinook yearlings, and 11,496 (2,374–22,044) hatchery Chinook
yearlings during this 6-year interval.
Bull trout occur in the upper Methow River mainstem,
the Chewack, Lost, Twisp, and west fork Methow rivers, and
in Early Winters, Goat, and Wolf creeks (Peven 2003, USFWS
2007). Bull trout were historically also present in Beaver and
Eightmile creeks but were extirpated owing to hybridization
with (and introgression of) brook trout genes into bull trout genomes (Foster et al. 2002).
Bull trout are occasionally found throughout the Methow
mainstem. These fish are probably fluvial or adfluvial migrants
that migrated from colder headwater tributaries into the reservoirs of the Columbia River. Bull trout also occur in Gold
Creek (to RM 6.39), Libby Creek (to RM 1.38), Beaver Creek (to
RM 13.67), Rattlesnake Creek (to RM 0.42), in the Twisp River (to
RM 1.20) and its tributaries (Little Bridge and War creeks) and in
the Chewack River (to RM 36.21) and its tributaries Andrews (to
RM 0.56), and Twentymile Creek (to RM 0.47) (compiled by WDFW
for Streamnet.org, queried on 20 December 2010).
The Methow River supports resident, fluvial, and adfluvial forms
of bull trout (Foster 2002). Adfluvial populations have been documented in Lost River and Lake Creek. Fluvial populations have
been documented throughout the Methow. Resident populations
occur mainly above natural barriers to migration such as waterfalls.
Surveys of bull trout redds were made (Sikora 2002; Kelly-Rigel
2009; Hopkins 2009) in:
• Methow mainstem in 2001;

• 6,639; 1,110 (500–2,013) from 2000–2006).

• Twisp River in 1995 and 1997–2009;
A. T. Scholz
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Table 5.59

Summary of spring Chinook salmon redd counts
in Methow River drainage , 1960–2009. Numbers
are presented by decade with the number of years
during the decade in which counts were made.
Total redds counted during each decade and the
annual average (minimum and maximum) during
each decade are shown.

Location

Decade

Methow River
Methow River
Methow River
Methow River
Methow River

1960-1969
1970-1979
1980-1989
1990-1999
2000-2009

Total, or Min, Max

Table 5.60

Decade

Twisp River
Twisp River
Twisp River
Twisp River
Twisp River

1960-1969
1970-1979
1980-1989
1990-1999
2000-2009

Total, or Min, Max

1,177
689
529
314
4,993

118
69
53
31
499

23
12
25
0
60

233
150
82
92
2.8

50

7,702

154

0 2,828

Average
# of Total Annual
Years Redds Redds Min Max

Chewack River
Chewack River
Chewack River
Chewack River
Chewack River
Total, or Min, Max

Decade
1960-1969
1970-1979
1980-1989
1990-1999
2000-2009

Summary of spring Chinook salmon redd counts in
Lost River, 1960–2009. Numbers are presented by
decade with the number of years during the decade
in which counts were made. Total redds counted
during each decade and the annual average (minimum and maximum) during each decade are shown.

Location

Decade

Lost River
Lost River
Lost River
Lost River
Lost River

1960-1969
1970-1979
1980-1989
1990-1999
2000-2009

Total, or Min, Max

Table 5.63

Location

Decade

1,633
1,354
597
347
976

163
135
60
35
98

45
40
17
0
24

257
265
111
108
371

Methow River
Methow River
Methow River
Methow River
Methow River

50

4,907

98

0

265

Total, or Min, Max

Average
# of Total Annual
Years Redds Redds Min Max

Table 5.64

Average
# of Total Annual
Years Redds Redds Min Max
10
10
10
10
10

827
482
376
189
221

83
48
38
19
22

6
12
5
0
1

271
101
60
73
72

50

2,095

42

0

271

Summary of summer Chinook salmon redd counts in
Methow River, 1950–1999. Numbers are presented by
decade with the number of years during the decade
in which counts were made. Total redds counted during each decade and the annual average (minimum
and maximum) during each decade are shown.

10
10
10
10
10

Summary of spring Chinook salmon redd counts in
Chewack River, 1960–2009. Numbers are presented
by decade with the number of years during the decade in which counts were made. Total redds counted
during each decade and the annual average (minimum and maximum) during each decade are shown.

Location

414

10
10
10
10
10

Summary of spring Chinook salmon redd counts
in Twisp River, 1960 - 2009. Numbers are presented by decade with the number of years during
the decade in which counts were made. Total
redds counted during each decade and the annual
average (minimum and maximum) during each
decade are shown.

Location

Table 5.61

Average
# of Total Annual
Years Redds Redds Min Max

Table 5.62

1950-1959
1960-1969
1970-1979
1980-1989
1990-1999

Average
# of Total Annual
Years Redds Redds Min Max
4
10
10
10
10

1,025
5,643
4,298
1,702
1,648

256
564
430
170
183

109
120
191
65
91

451
1,275
705
345
296

44

14,316

321

65 1,275

Estimates spawning populations of summer
Chinook salmon in the Methow River, 1960–2009.
Counts are shown by decade with number of years
counts were made during each decade. Total counts
for each decade, and annual average (minimum and
maximum) counts during each decade are shown.

Location

9
10
10
10
10

727
721
450
259
2,423

81
72
45
26
242

30 176
22 146
7 127
0
77
32 1,105

Methow River
Methow River
Methow River
Methow River
Methow River

49

4,580

93

0 1,105

Total, or Min, Max
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Average
# of Total Annual
Decade years Count Count Min Max
1960-1969
1970-1979
1980-1989
1990-1999
2000-2009

7
10
10
10
10

21,342
19,718
7,784
8,197
25077

3,049 1,367 5,850
1,972 877 3,233
778
298 1,584
820
460 1,391
2,508 1,200 4,630

47

82,118 1,825

298 5,850

Columbia River Basin Hydrology and Fish Distribution in Eastern Washington

• Reynolds Creek (tributary of Twisp River) in 3 years
between 1995 and 2003;

collected annually averaged (ranged) 2 (0–6) bull trout during
this 7-year interval. From 2005–2010, a total of 152 bull trout were
captured in a downstream migration trap in the Twisp River. The
number collected annually averaged (ranged) 25 (10–50) during
this 5-year interval (Table 5.57a).
Brook trout were introduced to the Methow Basin from 1917–1922
by WDFW. A total of 229,000 brook trout were planted in the Methow
River and 10 of its tributaries during the interval (Table 5.66). Brook
trout prefer cold water, similar to native bull trout and cutthroat
trout. Brook trout have replaced cutthroat trout in Eightmile Creek
(Foster 2002) and they have been reported to hybridize with bull
trout. Hybrid offspring are frequently sterile or exhibit introgression
of brook trout genes into bull trout genomes (Leary et al. 1993).
Results of creel surveys of anglers fishing for resident fishes in
the Methow Sub-basin in 2007–2010 were described by Jateff (2008,
2009, 2010, 2011). Fishing seasons were from 1 July to 30 September
for each year, except in 2010 when the season was extended from 5
June until 30 September. During these four years, it was estimated
that a total of 16,749 anglers fished a total of 68,312 hours to catch
a total of 56,003 fish (3.34 fish ⁄ angler, 0.82 fish ⁄ hour). The catch
was comprised of 58.4% resident rainbow trout (n = 32,702), 0.2%
steelhead trout (n = 91), 32.6% cutthroat trout (n = 18,253), 1.1% bull
trout (n = 631), < 0.1% Chinook salmon (n = 26), < 0.1% brook trout
(n = 6), and 7.7% mountain whitefish (n = 4,294).

• Buttermilk Creek (tributary of Twisp River) in
1995–1998;
• Blue Buck Creek (tributary of Beaver Creek) in 2005;
• Chewack River from 2001–2009;
• Lake Creek (tributary of Chewack River) from
1995–2009;
• Eightmile Creek (tributary of Chewack River) in 2009;
• Early Winters Creek from 1996–2009;
• Cedar Creek (tributary of Early Winters Creek) 1996
and 2009;
• Robinson Creek in 1997, 2001, and 2009;
• Goat Creek from 2000–2009;
• Wolf Creek from 1996–2008;
• Lost River in 1996, 2001, 2008, and 2009;
• Methow River (West Fork) from 1995–2002,
2004–2009;
• Monument Creek in 1992, 1993;

OKANOGAN (OKANAGAN) SUB-BASIN

• Crater Creek in 1996–1999, 2001–2003; and
• North Creek in 1995, 1998–2003.
The total, annual average, and annual range of bull trout redd
counts in each tributary is recorded in Table 5.65. For all tributaries redds totalled 2,113, averaged 187, and ranged from 17–359 per
year (Table 5.65).
From 2004–2010, a total of 13 bull trout were captured in a
downstream migration trap in the Methow River. The number
Table 5.65

The Okanogan River (spelled Okanagan in Canada) originates
at the outlet of Okanagan Lake [elevation 808 m (2,650 ft) above
MSL], British Columbia and flows 185 km (115 mi) to its confluence with the Columbia River [at Columbia River RKM 853.6
(RM 533.5)] at an elevation of 238 m (781 ft) above MSL in Lake
Pateros (the reservoir behind Wells Dam). The average (minimum and maximum) discharge measured at Malott, Washington
[Okanogan RKM 27.2 (RM 17.0)] over a 43-year period of record

Summary of annual bull trout redd counts in the Methow Sub-basin, 1995–2009.

Location
Lost River
Blue Buck Creek
West Fork Methow River
Robinson Creek
Lake Creek
Eightmile Creek
Cedar Creek
Goat Creek
Early Winters Creek
Twisp Creek
Wolf Creek
Twisp River
Chewack River
Buttermilk Creek
Reynolds Creek
Methow River
Monument Creek
Crater Creek
North Creek

Years sampled

# years

Total redds

Average annual redds

Min

Max

1996-2009
2005
1995-2009
1997-2009
1995-2009
2009
1996-2009
2000-2009
1996-2009
2004
1996-2009
1995-2009
2001-2009
1995-1998
1995-2002
2001
2004-2005
2003-2009
2003-2009

4
1
14
3
15
1
2
10
14
1
13
14
9
4
3
1
2
7
7

27
0
290
4
221
3
3
75
64
1
237
879
151
0
n/a
1
2
6
149

7
0
21
1
16
3
2
8
6
1
18
63
17
0
n/a
1
1
1
21

0
0
1
1
0
3
1
0
0
1
3
2
4
0
n/a
1
0
0
0

16
0
54
2
27
3
2
18
12
1
29
92
35
0
n/a
1
2
2
63

2,113

187

67

359

Total
A. T. Scholz
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Table 5.66

Brook trout stocked in the Methow River and its tributaries, 1917–1922.
# stocked

Year

Reference

Buttermilk Creek

Stream

10,000

1922

Dibble and Kinney (1923)

Early Winters Creek
Eightmile Creek

20,000
15,000

1922
1920

Dibble and Kinney (1923)
Darwin (1921a)

Eightmile Creek

24,000

1922

Dibble and Kinney (1923)

Falls Creek

12,500

1919

Darwin (1921a)

Goat Creek

50,000

1918

Darwin (1920)

Gold Creek

10,000

1917

Darwin (1920)

Gold Creek

10,000

1918

Darwin (1920)

Libby Creek

10,000

1920

Darwin (1921a)

Little Bridge Creek

10,000

1922

Darwin (1921a)

Methow River

25,000

1920

Darwin (1921a)

Twisp River

12,500

1919

Darwin (1921a)

War Creek

5,000

1922

Dibble And Kinney (1922)

Wolf Creek

15,000

1917

Darwin (1920)

229,000

1917-1922

Total

(1966–2009) was 2,998 (288–45,600) cfs [83 (8–1,291) m³ ⁄ s].
The Okanogan Basin comprises an area of 21,238 km² (9,200 mi²).
About 74% (4,323,962 acres) of the basin is in British Columbia
and 24% (1,490,048 acres) is in Washington. A map and photographs of the Okanogan Sub-basin are shown respectively in
Figures 5.76 and 5.77.
From the outlet of Okanogan Lake, the river generally flows in
a southerly direction through Skaha and Vaseux lakes in British
Columbia and then through Osoyoos Lake which straddles the
British Columbia / Washington border. The outlet of each lake was
dammed (by Okanagan, Skaha, McIntyre, and Zosel dams respectively). Only Zosel Dam at the outlet of Osoyoos Lake is equipped
with a ladder that actually passes fish. McIntyre Dam was constructed in 1954, without fish passage facilities and as a result, fish
ladders at Skaha Lake and Okanogan Lake dams have remained
non-operational since 1954.
Anadromous salmonids spawn and rear in the Okanogan mainstem and, with the exception of the Similkameen River, make little
use of its tributaries. The reason is that many of the tributaries have
impassable barriers a short distance above their confluence with
the Okanogan. Also, many tributaries are subjected to irrigation
withdrawals, that reduce their flow to a trickle during the summer
and early fall months.
The lowermost reach of the Okanogan River is 27.2 km (17 mi) long
and is inundated by Lake Pateros. Substrate in this reach is composed
of mud, silt, and sand. Major tributaries that enter this reach include:
• Chiliwest Creek joins the Okanogan River on its right
(west) bank at RKM 24.1 (RM 15.0). A steep gradient
about .08 km (0.5 mi) above the mouth acts as a velocity barrier that prevents migration of salmonids.
• Loup Loup Creek joins on the right bank at RKM 27.2
(RM 16.9). Loup Loup Creek is 31.7 km (1938 mi) long
with a barrier falls that prevented salmonid migration
at RKM 4.0 (RM 2.5).
Streams that flow into the Okanogan River from the left (east)
bank in the lowermost reach are intermittent. These tributaries are
416

also intermittently connected to a large number of alkaline and
saline pothole lakes and ponds.
The middle reach of the Okanogan River extends from RKM 27.2
to Zosel Dam [RKM 127.0, (RM 79.3)]. Major tributaries that enter
this reach include:
• Salmon Creek [right (west) bank at RKM 41.3 (RM 25.7)
is 67.8 km (42.4 mi) long. Conconully Dam and
Reservoir, located 24 km (15 mi) above the mouth, has
no fish ladder. The North, South, and West Forks of
Salmon Creek converge at Conconully Reservoir, which
serves as an irrigation diversion. As a result, Salmon
Creek is frequently dewatered below Conconully Dam.
• Omak Creek [left (east) bank ] at RKM 51.5 (RM 32.0)
is 35.8 km (22.4 mi) long. Mission Falls (RKM 13.4,
RM 8.0) was probably a migration barrier for spring
Chinook salmon but probably not for steelhead trout.
As a result of a fire in 2001, fire retardant chemicals
were inadvertently applied to the creek between
RKM 4.6 and 13.4 (RM 2.9–8.4) and resulted in a total
fish kill in that segment of the stream. The Colville
Tribe is currently attempting to re-establish spring
Chinook salmon and steelhead in Omak Creek.
• Wanacut Creek (left bank) at RKM 56.3 (RM 35.0) is
12.2 km (7.6 mi) long. Introduced brook trout is the
only species reported to occur in Wanacut Creek both
historically and at present.
• Johnson Creek (right bank) at RKM 65.2 (RM 40.5) is
12.6 km (7.9 mi) long. Anadromous salmonids do not
migrate into Johnson Creek because the temperature is
too warm.
• Tunk Creek (left bank) at RKM 72.4 (RM 45.0) is
30.4 km (19.0 mi) long. McAllister Falls at RKM 1.6
(RM 1.0) is a barrier to anadromous salmonids.
Steelhead trout spawn below these falls in the spring.

Fishes of Eastern Washington: A Natural History
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Columbia River Basin: Okanogan Subbasin
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B

Figure 5.77
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C

(A) Okanogan River. Photograph courtesy of Adam Jones Ph.D. CC-BY-SA 2.0. (B) Lower Okanogan River and (C)
Mouth of the Okanogan River near its confluence with the Columbia River (Lake Pateros). Photographs courtesy of
Bob Barbanes © 2011, all rights reserved.
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However, flows in Tunk Creek are too low in the late
summer and fall to attract Chinook salmon.

Similkameen River and created a barrier falls above
which salmon could not ascend.

• Chewiliken Creek (left bank) at RKM 82.1 (RM 50.9) is
17.6 km (11.0 mi) long. It is not an important tributary
for anadromous salmonid spawning and rearing.

Important tributaries of the Similkameen River include
Sinlahekin / Palmer, Tulameen, Pasayten, and Ashnala creeks.
Sinlahekin Creek is the inlet tributary of Palmer Lake. Palmer
Lake is connected to the Similkameen River by Palmer Creek,
which joins the Similkameen upstream of Enloe Dam. For most
of the year water flows out of Palmer Lake into Palmer Creek and
the Similkameen rivers. However, during high discharge in the
spring, the flow in Palmer Creek is reversed, carrying water from
the Similkameen River into Palmer Lake.
Considerable numbers of Chinook salmon and some steelhead spawn in the Similkameen River below Enloe Dam. The
Similkameen contributes about 69–75% of the base flow of the
Okanogan River in June to July and 50–56% of the base flow in
August and September.
The upper reach of the Okanogan River is characterized by a chain
of lakes, including Okanogan Lake, Skaha Lake, Vaseux Lake, and
Osoyoos Lake. All of these lakes historically served as nursery lakes
for juvenile sockeye salmon produced by adults that spawned in inlet
tributaries, outlet tributaries and in the shoreline gravels of each of
these lakes (Fulton 1970). Only Osoyoos Lake still supports sockeye
because Zosel Dam at the lake outlet has a fish ladder. Sockeye spawn
in Nine-mile Creek, a tributary that enters along the eastern shoreline
of Osoyoos Lake, in the Okanagan River and some Canadian tributaries above Osoyoos Lake. Skaha, Vaseux, and Okanagan lakes have not
allowed fish passage since 1954; however, each of these lakes contains
a thriving population of landlocked sockeye salmon (called kokanee).
Pinsent et al. (1974) have compiled information about the limnology of each lake. Okanogan Lake has a surface area of 34.8
hectares (88,000 acres), mean depth of 76 m (249 ft) and maximum depth of 232 m (764 ft). The length and maximum width are
112.8 km (70.5 mi) and 5.2 km (3.1 mi) respectively. Lake volume is
26,200 × 106 m³. Flushing rate is 52.1–60 years. The lake is classified as oligo-mesotrophic. Secchi disc transparency averaged 9.6 m
over a year long interval and ranged from 5.8 m in May to 16.5 m
in January. Chlorophyll a averaged 5.0 μg ⁄ L annually. Because the
lake is so deep and its volume so large there is plenty of oxygen
(> 11 mg ⁄ L) in the cold waters of the hypolimnion to support salmonid fishes. However, total phosphorus loading was relatively
high at about 85,000 kg / year (0.24 g ⁄ m² ⁄ year). Phosphorus enrichment was linked to agricultural development and urban sewage.
Skaha Lake has a surface area of 20.1 hectares (49.7 acres), mean
depth of 26 m (85.3 ft), and maximum depth of 57 m (187.0 ft). The
length and maximum width are 11.9 km (7.3 mi) and 2.2 km (1.4 mi)
respectively. Lake volume is 558 × 106 m³. Flushing rate is 1.2 years.
The lake is classified as mesotrophic to slightly eutrophic. Secchi disc
transparency averaged 4.5 m over a year long interval and ranged from
3.8 m in May to 5.8 m in August. Chlorophyll a averaged 31.0 μg ⁄ L annually. Total phosphorus load was 21,860 kg / year (1.09 g ⁄ m² ⁄ year).
Because the lake produces substantial phytoplankton, when they die
and sink to the bottom, the decay depletes substantial amounts of oxygen in the cold waters of the hypolimnion, so the amount of oxygen
in the hypolimnion is only about 4 mg ⁄ L. Nutrient enrichment coincided with sewage discharge by the city of Penticton beginning in 1948.
Vaseux Lake has a surface area of 2.75 hectares (6.8 acres),
mean depth of 6.5 m (21.3 ft) and maximum depth of 27 m (88.6 ft).
The length and maximum width are 4.1 km (2.5 mi) and 0.85 km
(0.5 mi), respectively. Lake volume is 17.7 × 106 m³. Flushing

• Aeneas Creek (right bank) at RKM 85.3 (RM 53.0) is
12.8 km (8.0 mi) long. It flows through the “lime belt
region” owing to the accumulation of white colored calcium carbonate that has precipitated in the
streambed. A barrier falls at RKM 1.2 (RM 0.75) blocks
anadromous salmonid migration.
• Bonaparte Creek (right bank) at RKM 91.2 (RM 56.7)
near Tonasket, Washington is 38.4 km (24 mi) long. An
impassable fall 1.6 km (1.0 mi) above the mouth restricts
anadromous fish migration. Steelhead spawn below the
falls in the spring but flows are too low by late summer
and fall (< 5 cfs) to attract Chinook salmon into the
creek. Bonaparte Lake is located within this drainage.
• Siwash Creek (right bank) at RKM 92.3 (RM 57.4) is
33.6 km (21 mi) long. Anadromous salmonids are
restricted to the lower 2.2 km (1.4 mi) because a steep
gradient above this point acts as a velocity barrier. The
water rights are over-appropriated and the stream is
frequently dewatered by irrigation withdrawals.
• Antoine Creek (right bank) at RKM 98.5 (RM 61.2)
is 26.4 km (16.5 mi) long. A barrier fall at RKM 18.4
(RM 11.5) blocks anadromous fish migration and
Francher Dam at RKM 19.2 (RM 12.0) impounds an
irrigation storage reservoir.
• Whitestone Creek (left bank) at RKM 100.1 (RM 62.2)
is approximately 4.5 km (2.8 mi) long. Blue Lake,
Wanacut Lake, Spectacle Lake, Whitestone Lake, and
Stevens Lake are in the Whitestone Creek watershed.
• Similkameen River (left bank) at RKM 119.7 (RM 74.1)
is about 317 km (197 mi) long. The Similkameen is the
largest tributary of the Okanogan River. Passage of
anadromous salmonids is currently blocked by Enloe
Dam at RKM 14.1 (RM 8.8). Prior to construction of
Enloe Dam, Enloe Falls, a short distance above this
point blocked salmon migration. An Okanogan Indian
legend recalls that the deity Sen’K’lip (a coyote who
could shape-shift into the form of a human being)
created Enloe Falls to prevent salmon from ascending
farther up the Similkameen River (Cline 1938; Kennedy
and Bouchard 1975; Vedan 2002). He did this because
the Similkameen people (not quite human yet) told
him that they already had mountain goat to eat when
coyote suggested he would bring them salmon in
perpetuity in exchange for their prettiest daughters to
marry. Coyote had traveled up the Columbia River telling the animal people that humans would soon arrive
and that they needed salmon to eat, and demanded
wives in exchange for creating rapids and low head
falls where it would be easy to harvest them. When
the Similkameen people refused coyotes demands, in
a fit of rage he slapped his paw upon the waters of the
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rate is 0.03 years. The lake is classified as eutrophic. Secchi disc
transparency averaged about 3.0 m annually. Chlorophyll a
averaged 50 μg ⁄ L. Total phosphorus load was 8,680 kg ⁄ year
(1.67 g ⁄ m² ⁄ year). Phytoplankton and macrophytes are abundant
in Vaseaux Lake owing to high phosphorus loading.
Osoyoos Lake has a surface area of 15.1 hectares (37.3 acres),
mean depth of 18.3 m (60.0 ft) and maximum depth of 63 m
(206.7 ft). The length and maximum width are 10.6 km (6.6 mi)
and 1.8 km (1.1 mi), respectively. Lake volume is 255.5 × 106 m³.
Flushing rate is 0.7 years. The lake is classified as eutrophic. Secchi
disk transparency averaged 3.3 m annually. Chlorophyll a averaged
23.0 μL ⁄ L annually. Total phosphorus load was 17,000 kg ⁄ year
(1.13 g ⁄ m² ⁄ year). The phosphorus load supports abundant phytoplankton and blue–green algae density is high.
Ten families and 44 species occur in the Okanogan (Okanagan)
Sub-basin, including:
• Petromyzontidae: Pacific lamprey (Clemens et al. 1939; Peven
2003);
• Acipenseridae: white sturgeon (McPhail and Carveth 1994);
• Cyprinidae: chiselmouth (Pinsent et al. 1974; McPhail and
Carveth 1994; Kistler and Arterburn 2007), goldfish, carp
(Pinsent et al. 1974; Kistler and Arterburn 2007), peamouth
(Pinsent et al. 1974; McPhail and Carveth 1994; Kistler and
Arterburn 2007), northern pikeminnow (Pinsent et al. 1974;
McPhail and Carveth 1994; Kistler and Arterburn 2007),
leopard dace (Pinsent et al. 1974), Umatilla dace (KWA
Ecological Services et al. 2004), redside shiner (Pinsent et
al. 1974; McPhail and Carveth 1997; Kistler and Arterburn
2007), tench (Pinsent et al. 1974; McPhail and Carveth 1997);
• Catostomidae: longnose sucker (Pinsent et al. 1974; McPhail
and Carveth 1994), bridgelip sucker (McPhail and Carveth
1994; Kistler and Arterburn 2007), largescale sucker
(Pinsent et al. 1974; McPhail and Carveth 1994; Kistler
and Arterburn 2007), mountain sucker (KWA Ecological
Services et al. 2004);
• Ictaluridae: black bullhead (Pinsent et al. 1974; Kistler and
Arterburn 2007), brown bullhead (Osborne and Petersen
2001; Petersen and Schmuck 2007), yellow bullhead (Johnson
et al. 2007), channel catfish (Kistler and Arterburn 2007);
• Salmonidae: lake whitefish (Pinsent et al. 1974), pygmy whitefish (Pinsent et al. 1974; McPhail and Carveth 1994), mountain whitefish (McHugh 1936; Pinsent et al. 1974; Kistler
and Arterburn 2007), Lahontan cutthroat trout (Kucera
et al. 1985), westslope cutthroat trout (KWA Ecological
Services et al. 2004), steelhead / rainbow trout (Fulton
1970; Pinsent 1974; McPhail and Carveth 1994; Kistler and
Arterburn 2007), sockeye / kokanee salmon (Fulton 1970;
Allen and Meekin 1973a 1973b; Pinsent et al. 1974; McPhail
and Carveth 1994; Kistler and Arterburn 2007), Chinook
salmon (Clemens et al. 1939; Fulton 1968; Pinsent et al. 1974;
Kistler and Arterburn 2007), bull trout (Mullan et al. 1992),
brook trout (KWA Ecological Services et al. 2004; Kistler
and Arterburn 2007), lake trout (Pinsent et al. 1974);
• Gadidae: burbot (Pinsent et al. 1974; McPhail and Carveth 1994);
• Cottidae: prickly sculpin (Pinsent et al. 1974), mottled sculpin
(McPhail and Carveth 1994), slimy sculpin (Pinsent et al.
1974; McPhail and Carveth 1994), shorthead sculpin (KWA
Ecological Services et al. 2004; Kistler and Arterburn
2007), torrent sculpin (McPhail and Carveth 1994);
• Centrarchidae: pumpkinseed (Pinsent et al. 1974; Kistler and
Arterburn 2006), bluegill (Kistler and Arterburn 2007),
smallmouth bass (Pinsent et al. 1974; Kistler and Arterburn
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2007), largemouth bass (Pinsent et al. 1974; Kistler and
Arterburn 2007), white crappie (Kistler and Arterburn
2007), black crappie (Pinsent et al. 1974); and
• Percidae: yellow perch (Pinsent et al. 1974), walleye (Long 2002).

Also, pink salmon, chum (Butler 1974), and coho salmon
(Clemens et al 1939; Butler 1974) were reported to have once inhabited the Okanogan Basin but have been extirpated. I doubt
the reports that pink and chum salmon formerly inhabited the
Okanagon Basins because these species are presently confined to
the lower Columbia River. Brown trout were stocked by WDFW
but did not establish natural spawning populations.
The Colville Confederated Tribes Department of Fish and
Wildlife conducted snorkel surveys in the Okanogan Basin in 2005
(Kistler et al. 2006) and 2006 (Kistler and Arterburn 2007). A total of 50 sites were surveyed in the mainstem and tributaries of
the Okanogan River in the United States and Canada. Thirty-four
sites were surveyed in the United States and 16 in Canada. In the
United States, sites were located in the Okanogan mainstem between Chiliwist Creek and the outlet of Okanogan Lake (n = 14),
Loup Loup Creek (n = 1), Salmon Creek (n = 4), Omak Creek
(n = 6), Wannacut Creek (n = 1), Tunk Creek (n = 2), Antoine Creek
(n = 1), Bonaparte Creek (n = 1), Wildhorse Spring Creek (n = 1),
Similkameen River (n = 2), Tonasket Creek (n = 1), and Ninemile
Creek (n = 1). In Canada, sites were located in the Okanogan mainstem between the United States / British Columbia border and
the outlet of Okanogan Lake (n = 3), tributaries of Osoyoos Lake
(n = 3), and in several tributaries of the Okanogan River (n = 10).
A total of 20 species, representing 7 families, were observed
during these surveys, including:
• Cyprinidae: carp, peamouth, northern pikeminnow, redside
shiner;
• Catostomidae: bridgelip sucker, largescale sucker;
• Ictaluridae: black bullhead, channel catfish;
• Salmonidae: mountain whitefish, steelhead / rainbow trout,
sockeye / kokanee salmon, Chinook salmon, brook trout;
• Cottidae: shorthead sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie; and
• Percidae: yellow perch.

Dymond (1936) reported that species occurring in Okanogan
Lake, included:
• Cyprinidae: carp, peamouth, northern pikeminnow, longnose
dace, leopard dace, redside shiner;
• Catostomidae: longnose sucker;
• Salmonidae: lake whitefish, mountain whitefish, kokanee;
• Gadidae: burbot; and
• Cottidae: prickly sculpin.

Dymond (1936) stated that 3 million lake whitefish eggs were
planted by the Fisheries Branch, British Columbia Ministry of the
Environment in 1896. Additional plants of lake whitefish from
Lake Superior were stocked after that date. Clemens (1939) reported the following species were present in Okanogan Lake:
• Petromyzontidae: Pacific lamprey;
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• Acipenseridae: white sturgeon;

• Ictaluridae: black bullhead;

• Cyprinidae: carp, peamouth, northern pikeminnow, longnose
dace, leopard dace, redside shiner;
• Catostomidae: longnose sucker, largescale sucker;

• Salmonidae: lake whitefish, pygmy whitefish, mountain whitefish, rainbow trout, sockeye salmon, kokanee salmon,
Chinook salmon;

• Salmonidae: lake whitefish, mountain whitefish. Kamloops
rainbow trout, kokanee / sockeye salmon, Chinook salmon,
brook trout;

• Cottidae: prickly sculpin;
• Centrarchidae: pumpkinseed, smallmouth bass, largemouth
bass, black crappie; and

• Gadidae: burbot; and

• Percidae: yellow perch.

• Cottidae: prickly sculpin.

Five families and 15 species of fishes were captured during gillnet surveys in Okanagan Lake in 1971 (Pinsent et al. 1974) including:
• Cyprinidae: chiselmouth (n = 40), carp (n = 54), peamouth
(n = 1,485), northern pikeminnow (n = 710), leopard dace
(n = present), redside shiner (n = present);
• Catostomidae: longnose sucker (n = 45), largescale sucker
(n = 429);
• Salmonidae: lake whitefish (n = 627), mountain whitefish
(n = 328), rainbow trout (n = 163), kokanee salmon (n = 2,176);
• Gadidae: burbot (n = 110);
• Cottidae: prickly sculpin (n = 14), slimy sculpin (n = present);

Also, white sturgeon were collected in Okanagan Lake (McPhail
and Carveth 1994). Additionally, many of the same species plus
longnose dace, and lake trout were reported to occur in lakes of the
Okanogan watershed upstream of Okanagan Lake.
Six families and 13 species of fishes were collected in Skaha
Lake during gillnet surveys in 1971 (Pinsent et al. 1974), including:

The opossum shrimp Mysis relicta has been introduced to
Skaha and Osoyoos lakes. Kokanee escapement in Skaha Lake
in 2002 numbered approximately 86,000 fish, which was the
most fish since the 1970s but still low when compared to historical records. Wright et al. (2004), speculated that competitive
interactions between Mysis and kokanee may be responsible
for this decline, similar to the decline in kokanee populations
in other lakes where Mysis was introduced such as Flathead
Lake, Montana (Spenser et al. 1991), Lake Pend Oreille, Idaho
(Chipps 1997; Clarke 1999; Chipps and Bennett 2000; Clarke and
Bennett 2002a, 2002b, 2003, 2004a, 2004b), and Lake Chelan,
Washington (Brown 1984).
Long (2002) collected data from April–November 2001 about
fish assemblages in the Okanagan Basin, British Columbia. In
Okanagan Lake he found:
• Cyprinidae: carp, peamouth, northern pikeminnow, redside
shiner, tench;
• Catostomidae: unidentified sucker;
• Salmonidae: lake whitefish, mountain whitefish, kokanee
salmon;

• Cyprinidae: chiselmouth (n = 98), carp (n = 49), peamouth
(n = 997), northern pikeminnow (n = 378), redside shiner
(n = present);

• Cottidae: prickly sculpin; and
• Centrarchidae: bluegill, smallmouth bass, black crappie.

• Salmonidae: lake whitefish (n = 78), pygmy whitefish (n = 472),
mountain whitefish (n = present), rainbow trout (n = 23),
kokanee salmon (n = 373);

In Skaha Lake, he found:
• Cyprinidae: carp, peamouth, northern pikeminnow;

• Gadidae: burbot (n = 4);

• Catostomidae: unidentified sucker;

• Cottidae: prickly sculpin (n = 1); and

• Ictaluridae: black bullhead;

• Centrarchidae: pumpkinseed (n = 2);

• Salmonidae: lake whitefish, mountain whitefish, rainbow
trout, kokanee salmon;

Seven families and 15 species of fishes were collected in Vaseaux
Lake during gill net surveys in 1971 (Pinsent et al. 1974), including:

• Cottidae: prickly sculpin;
• Centrarchidae: pumpkinseed, largemouth bass; and
• Percidae: yellow perch.

• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, redside shiner;

In Vaseaux Lake, he found:

• Catostomidae: longnose sucker, largescale sucker;
• Ictaluridae: black bullhead;

• Cyprinidae: carp, northern pikeminnow, redside shiner;

• Salmonidae: lake whitefish, mountain whitefish, rainbow
trout, sockeye salmon;

• Catostomidae: unidentified sucker;
• Ictaluridae: black bullhead;

• Cottidae: prickly sculpin;

• Salmonidae: kokanee salmon;

• Centrarchidae: pumpkinseed; and

• Cottidae: prickly sculpin; and

• Percidae: yellow perch.

• Centrarchidae: smallmouth bass.

Seven families and 21 species of fishes were collected at Osoyoos
Lake during gill net surveys in 1971 (Pinsent et al. 1974), including:

In the Okanogan River downstream from McIntyre Dame, he
found:

• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, redside shiner;

• Cyprinidae: carp, peamouth, northern pikeminnow;

• Catostomidae: longnose sucker, largescale sucker;

• Ictaluridae: black bullhead;
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• Salmonidae: unidentified whitefish, rainbow trout, sockeye
salmon;
• Cottidae: prickly sculpin;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, black crappie; and
• Percidae: yellow perch.

Fisher (2002) reported on fish collected in 2001 in the forebay
of Zosel Dam (Osoyoos Lake) and in the tailrace of Zosel Dam.
Fish collected in the forebay, included:
• Cyprinidae: peamouth, northern pikeminnow;
• Catostomidae: largescale sucker;
• Salmonidae: mountain whitefish, sockeye salmon; and
• Centrarchidae: smallmouth bass.

Fishes collected in the tailrace included:
• Cyprinidae: carp, tench;
• Catostomidae: largescale sucker; and
• Salmonidae: mountain whitefish.

Fishes observed by video monitoring fish passing through the
fish ladder at Zosel Dam in 2005 and 2006 comprised seven families and 23 species (Johnsen et al. 2007), including:
• Cyprinidae: chiselmouth, carp, peamouth, northern pikeminnow, redside shiner;
• Catostomidae: bridgelip sucker, largescale sucker;
• Ictaluridae: yellow bullhead, brown bullhead;
• Salmonidae: mountain whitefish, steelhead trout, rainbow
trout, sockeye salmon, Chinook salmon, brook trout;
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass,
largemouth bass, white crappie, black crappie; and
• Percidae: yellow perch.

A downstream migration trap was operated in the Okanogan
mainstem from 2006–2009 (Table 5.67). During this interval, the
total number of Pacific lamprey and juvenile salmonids captured
totaled; annually averaged (ranged):
• 300; 75 (6–220) juvenile Pacific lamprey;
• 577; 144 (39–292) wild steelhead trout;
• 5,241; 1,310 (292–2,308) hatchery steelhead trout;
• 15,730; 3,933 (2,437–5,847) wild sockeye salmon;
• 3,810; 953 (0–2,218) hatchery sockeye salmon;
• 54,980; 13,745 (9,669–16,489) wild Chinook
sub-yearlings;
• 56; 14 (0–40) wild Chinook yearlings; and
• 23,296 hatchery Chinook yearlings.
Hughes (1985) collected 366 fish in the Similkameen River,
Okanogan County, Washington, including:.

• Catostomidae: largescale sucker (n = 3); and
• Cottidae: mottled sculpin (n = 17), torrent sculpin (n = 6).

Peden and Hughes (1985) collected a mottled sculpin from
the Similkameen River at Nighthawk, Washington, and gave it
to the Illinois National History Museum (INHM) (Specimen No.
INHM-65201).
WDFW stocked Palmer Lake with various species of fishes
(Petersen and Schmuck 2006), including:
• Salmonidae: Lahontan cutthroat trout (n = 166,695 in 1985,
218,290 in 1986, 157,300 in 1987, and 12,992 in 1995), rainbow
trout (n = 38,788 in 1980, 73,232 in 1981, 37,100 in 1982, 40,050
in 1985, 30,005 in 1987, and 48,000 in 1991), kokanee salmon
(n = 71,145 in 1985, 115,700 in 1986, 120,625 in 1987, 102,630 in
1988, 40,000 in 1989, 100,000 in 1990, 61,291 in 1991, 96,000 in
1992, 100,000 in 1996, 100,000 in 1997, 115,416 in 1998, 112,998
in 2000, 89,856 in 2001, 130,732 in 2002, 156,024 in 2003,
163,877 in 2004, and 161,354 in 2005), brown trout (n = 25,248
in 1985 and 12,400 in 1986), brook trout (n = 29,250 in 1984);
• Centrarchidae: smallmouth bass (n = 34 adults in 1982, 75
adults in 1983, and 64 adults in 1984), largemouth bass
(n = 58 adults in 1984, 383 adults / sub-adults in 1995, 219 subadults in 1996, 1,057 adults in 1998, and 574 adults in 1999),
black crappie (n = 28,550 fry in 1999 and 25,000 in 2005).

Electrofishing, gillnetting, and fykenetting surveys were conducted at Palmer Lake, Okanogan County, in June and September
in 1999 (Osborne et al. 2003) and September 2005 (Petersen and
Schmuck 2006b). A total of 2,911 fish, representing six families and
16 species, were captured during the 1999 survey, including:
• Cyprinidae: chiselmouth (n = 2), carp (n = 50), peamouth
(n = 455), northern pikeminnow (n = 240);
• Catostomidae: bridgelip sucker (n = 8), largescale sucker
(n = 299);
• Salmonidae: mountain whitefish (n = 33), rainbow trout (n = 5),
kokanee salmon (n = 106);
• Cottidae: unidentified sculpin (n = 1);
• Centrarchidae: pumpkinseed (n = 2), bluegill (n = 126), smallmouth bass (n = 857), largemouth bass (n = 13), black crappie (n = 315); and
• Percidae: yellow perch (n = 405).

A total of 2,522 fish were captured during the 2005 survey,
including:
• Cyprinidae: chiselmouth (n = 7), carp (n = 29), peamouth
(n = 31), northern pikeminnow (n = 146);
• Catostomidae: largescale sucker (n = 169);
• Salmonidae: mountain whitefish (n = 10), rainbow trout
(n = 44), kokanee (n = 63);
• Gadidae: burbot (n = 1);
• Cottidae: unidentified sculpin (n = 17);
• Centrarchidae: pumpkinseed (n = 17), bluegill (n = 641), smallmouth bass (n = 231), largemouth bass (n = 103), black crappie (n = 157); and
• Percidae: yellow perch (n = 989).

• Cyprinidae: northern pikeminnow (n = 2), longnose dace
(n = 66), leopard dace (n = 9), Umatilla dace (n = 264);
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Table 5.67

Numbers of fish captured in a downstream migration trap in the Okanogan River, 2006–2009.

Year

Chinook
yearling
(wild)

Chinook
yearling
(hatchery)

Chinook
subyearling
(wild)

2006
2007
2008
2009

0
0
16
40

1,304
4,561
5,769
11,662

9,669
16,023
12,799
16,489

39
113
131
292

Total
Average

56
14

23,296
5,824

54,980
13,745

575
144

Sockeye
(wild)

Sockeye
(hatchery)

Juvenile
Pacific
Lamprey

292
1,200
1,441
2,308

3,175
5,847
4,271
2,437

0
0
2,218
1,592

220
24
6
50

5,241
1,310

15,730
3,933

3,810
953

300
75

Steelhead / rainbow Steelhead / Rainbow
(wild)
(hatchery)

WDFW stocked Whitestone Lake, Okanogan County with various species of fishes (Osborne and Petersen 2001), including:

A total of 3,971 fish were collected during the 2006 survey,
including:

• Ictaluridae: channel catfish (n = 25,000 in 1999, 3,120 in 2000);

• Cyprinidae: carp (n = 42);

• Salmonidae: rainbow trout (n = 40,600 in 1973, 19,600 in 1974);

• Ictaluridae: channel catfish (n = 76);

• Centrarchidae: bluegill (n = 900 adults in 1988), smallmouth
bass (n = 20 adults in 1972), largemouth bass (n = 40 adults
in 1973), black crappie (n = 10,132 fry in 1999, 733 fry and
1,000 adults in 2000).

• Centrarchidae: pumpkinseed (n = 99), bluegill (n = 3,373),
largemouth bass (n = 322), black crappie (n = 11); and
• Percidae: yellow perch (n = 48).

Fisheries surveys were conducted at Whitestone Lake in
1979 (Williams 1979), 1986 (Walton and Wirt 1989), and 1998
(Jackson 1998). A total of 412 fish was collected in the 1979 survey including:
• Catostomidae: unidentified sucker (n = 1);
• Ictaluridae: brown bullhead (n = 122); and
• Centrarchidae: smallmouth bass (n = 2), largemouth bass
(n = 258), black crappie (n = 29).

A total of 321 fish was collected in the 1986 survey, including:
• Ictaluridae: brown bullhead (n = 134); and
• Centrarchidae: pumpkinseed (n = 3), largemouth bass (n = 15),
black crappie (n = 169).

A total of 404 fish was collected in the 1998 survey, including:
• Cyprinidae: carp (n = 9);
• Ictaluridae: brown bullhead (n = 1);
• Centrarchidae: pumpkinseed (n = 74), bluegill (n = 179), largemouth bass (n = 137); and
• Percidae: yellow perch (n = 4).

Electrofishing, gillnetting,and fykenetting surveys were conducted at Whitestone Lake, in June 2000 (Osborne and Petersen
2001) and in September 2006 (Petersen and Schmuck 2007). A total of 5,096 fish were collected during the 2000 survey, including:
• Cyprinidae: carp (n = 7);
• Ictaluridae: brown bullhead (n = 2), channel catfish (n = 11);
• Centrarchidae: pumpkinseed (n = 326), bluegill (n = 4,447),
smallmouth bass (n = 1), largemouth bass (n = 206); and
• Percidae: yellow perch (n = 96).

Pacific lamprey were historically present in the Okanogan Subbasin but appear to have been extirpated. No Pacific lamprey have
been documented in the Okanogan River in recent years (McGee
et al. 1983; Peven 2003), until ammocoetes larvae were found from
2006–2009 in a downstream migration trap (Table 5.67). Pacific
lamprey probably occurred historically in the Okanogan Basin and
may have spawned in the Okanogan mainstem, Similkameen River,
Salmon Creek, and Omak Creek (Clemens 1939; KWA Ecological
Services et al. 2004) but I have found no recent records that Pacific
lamprey adults still ascend the Okanogan River. Adult lamprey have
been counted at Wells Dam, however, I could find no records that
any adults have been observed anywhere in the Okanogan Basin
for at least thirty years. Pacific lamprey counts at Wells Dam have
increased since 2000. From 2006–2009 an average (range) of 75
(6–220) juvenile lampreys per year were captured in a downstream
migration trap monitored in the Okanogan River (Table 5.67), so
it seems likely that a few adults must be present in the Okanogan
River although their occurrence has remained undetected.
During biotelemetry investigations conducted in 2001 and
2002, white sturgeon implanted with ultrasonic transmitters made
excursions from Wells Reservoir into the lower Okanogan River,
during June of each year (Jearld 2007). Possibly, white sturgeon
may attempt to spawn in the Okanogan River.
Umatilla dace occur in the Similkameen River, British
Columbia and Washington, but they have not so far been reported in the Okanogan River, British Columbia or Washington.
Longnose and leopard dace have wider distribution and occur
throughout the Okanogan and Similkameen watersheds in British
Columbia. Their distribution within both watersheds in the United
States has not been well documented.
Mountain sucker have been reported in the Similkameen
River, British Columbia (Carl et al. 1967), but its distribution is
rare and none have been reported in the Okanogan River, British
Columbia or in the Similkameen or Okanogan watersheds of the
United States. Bridgelip sucker and largescale sucker are the common suckers, distributed throughout both the Okanogan and
Similkameen drainages in Washington and British Columbia.
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Both mountain whitefish (native) and lake whitefish (introduced) occur in the Okanogan Basin. A mountain whitefish was
collected from the Okanogan River at Oroville, Washington on
1 January 1956 and placed in the UW Fish Collection (UW 15306).
Pygmy whitefish were found in Skaha Lake during a fisheries survey in 1971 (Pinsent et al. 1974).
Westslope cutthroat trout are present in the Okanogan Basin in the
Cathedral Lakes (headwaters of the Similkameen River) in Canada,
and in the Sinlahekin River, Salmon Creek, and numerous headwater
lakes of the Okanogan Basin in the United States. It is thought that
all of these populations originally resulted from hatchery plants that
subsequently established natural spawning populations (Williams
1998; Fisher et al. 2002; Peven 2003). Eggs were collected from westslope cutthroat returning to tributaries of the Stehekin River (the inlet
of Lake Chelan) from about 1903 to the mid 1920s. They were raised
in a hatchery then distributed widely throughout eastern Washington,
including many locations in the Okanogan Basin.
Lahontan cutthroat trout (n = 76,750), native to the Lahontan
Basin of California, Nevada, and Oregon, were stocked by the
United States Fish and Wildlife Service into Omak Lake in the
Okanogan Basin, Washington (Kucera et al. 1985). Commencing
in 1971, eggs were collected annually in Omak Lake, hatched and
raised at Omak hatchery, and stocked back into the lake. From
1971–2003, a total of 2,506,978 Lahontan cutthroat were stocked
in Omak Lake. From 2001–2008 an average (range) of 1,533 (1,237–
2,972) Lahontan cutthroat trout, composed of 820 (653–1,576) females and 713 (584–1,396) males, returned to an egg collection site
on a tributary of Omak Lake. Of these, the average number (range)
spawned annually was 533 (60–860), comprised of 279 (30–425)
females and 274 (30–435) males. The annual egg take averaged
(ranges) 895,079 (633,384–2,051,847). Lahontan cutthroat trout
are adapted to high alkalinity and salinity and were stocked into
Omak Lake because of its high alkalinity and dissolved salts.
Steelhead in the Okanogan Basin historically spawned in
Omak and Salmon creeks and the Similkameen River below 4.6–
6.1 m (15–20 ft) high Enloe Falls, which is located a short distance
above its confluence with the Okanogan River. Historically steelhead trout in the Okanogan Basin migrated as far upstream as
Okanagan Lake but their present distribution is confined to below
McIntyre Dam (KWA Ecological Services et al. 2004). Populations
above Osoyoos Lake are depressed but viable populations exist below Osoyoos Lake.
Counts of hatchery steelhead at Zosel Dam on the Okanogan
River averaged (ranged) 205 (123–375) and totaled 817 between
2006 and 2009. Counts of wild steelhead averaged (ranged)
85 (46–175) and totaled 340 during the same interval.
Steelhead redd counts in the Okanogan Sub-basin are available
from 2003–2009 by Fisher and Arterburn (2002, 2004); Arterburn
and Fisher (2003, 2004, 2005); Arterburn and Kistler (2006);
Arterburn et al. (2005, 2007, 2008); Arterburn and Miller (2008).
Steelhead redd counts in the Okanogan mainstem and tributaries in the United States are recorded in Table 5.68. The number of
steelhead redds counted basin wide averaged (ranged) 579 (323–
1,012) per year during the interval 2003–2009. The most redds were
counted in the Okanogan mainstem (n = 362), the Similkameen
River (n = 137), and Omak Creek (n = 30).
Harvest of mixed wild and hatchery steelhead in the Okanogan
River averaged (ranged) 94 (2–1,193) per year during a 21-year interval (1965–1985) (Sikora 1996). Harvest of mixed wild and hatch424

ery steelhead in the Similkameen River averaged (ranged) 225 (10–
764) during a 5-year interval (1981–1985) (Sikora 1996).
Harvest of wild steelhead during a 9-year interval (1986–1993)
averaged (ranged) 41 (0–336) in the Okanogan River and 6 (0–
40) in the Similkameen River (Sikora 1996). Harvest of hatchery
steelhead during a 9-year interval 1986–1993 averaged (ranged)
278 (78–706) in the Okanogan River and 177 (72–447) in the
Similkameen River (Sikora 1996).
Wild populations of resident, fluvial and adfluvial rainbow
trout occur in the Okanogan River, British Columbia and there is
some question about whether spawning fish represent wild and adfluvial stocks of rainbow trout or anadromous stocks of steelhead
trout. In the United States extensive stocking of rainbow trout has
occurred in the Okanogan Basin.
From 1914–2007, WDFW planted a total of at least 36,524,811
rainbow trout in water bodies in the Okanogan Basin (Table 5.69).
This number does not include rainbow stocked from 1923–1932
because no records were found from those years. See Table 5.69
for specific locations, years stocked, and the total number of fish
stocked in those years.
Okanogan stocks of sockeye salmon are genetically distinctive
from Wenatchee River stocks (Mullan 1986; Chapman et al. 1995;
Shaklee et al. 1996; Gustufson et al. 1997). Information about sockeye salmon in the Okanogan Sub-basin can be found in: Alexander
et al. (1991); Allen and Meekin (1980); Allen et al. (1992); Androsak
et al. (1999); Anglea and Johnson (1992); Anus and Gauley (1956);
Bryant and Parkhurst 1950; Chapman et al. (1995); Clemens (1939);
Cox and Browlee (1971); Craddock (1954, 1956, 1957, 1958); Craddock
and Major (1959a, 1959b, 1961, 1962); Duree (1991); Dymond (1936);
Fiscus (1985); Fryer (1995); Fulton (1952, 1970); Gangmark and
Fulton (1948, 1949, 1952); Groesbeck (2003, 2004, 2005, 2007a,
2007b); Gustafson et al. (1997); Hagen (1993); Hagen and Grette
(1994); Hansen (1993); Hatch et al. (1992); Hyatt and Rankin (1999);
Hyatt et al. (2006, 2009); Johnson et al. (2007); Klinge (1996); Lord
(1866); Lavey (1994); Major and Mighell (1996); Moose (1975, 1977);
Mullan (1986); Nass (2007); Nass and Bocking (2005); Peven (1992,
2003); Smith (2002); Stockley et al. (1969); Stockwell and Hyatt
(2003); Sullivan and Dawson (1994); Tufts and Craddock (1963);
Vedan (2002); WDFW (1996); and Woodward (1997, 2000).
George Gibbs (in Stevens 1855: pp. 413) described the sockeye
run in the Okanogan River and their importance to the Indians
that lived in the Okanogan Valley:
“They raise some potatoes, but their main resource is
salmon. These, at the time of [Capt. McClellans’ visit] actually filled the streams. In the Okinakane [Okanogan], in
particular, there were myriads of small species [i.e., sockeye] which had assumed a uniform red color. They were
depositing their spawn, and were in a condition eatable
only by Indians who were busily engaged in drying them.”
Suckley (1874) stated that sockeye “frequent the river and lakes
[in the Okanogan Basin] in immense numbers, its peculiar color actually reddening the bed of the river.”
Sockeye historically spawned in shoreline gravels of Osoyoos,
Skaha, and Okanogan lakes, in the Okanogan River above and
below these lakes and in tributaries of these lakes (Bryant and
Parkhurst 1950; Fulton 1970; Mullan 1986). After emerging from
their redds sockeye migrated to these lakes and used them as
nursery lakes where they fed on zooplankton until reaching a
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Table 5.68

Steelhead trout redd counts in the mainstem and tributaries of the Okanogan River, 2003–2009.
Annual Counts

Location
Okanogan River

Years
Sampled

# of
Years

Total
Redds

Average
Redds

Minimum

Maximum

2005–2009

5

1812

362

208

563

Ninemile Creek

2005–2009

5

51

10

0

30

Omak Creek

2002–2009

8

239

30

14

66

Tonasket Creek

2006–2009

3

11

4

0

6

Antoine Creek

2006–2009

4

2

1

0

2

Bonaparte Creek

2005–2009

5

89

18

2

67

Tunk Creek

2005–2009

4

9

2

1

4

Wanacut Creek

2007–2009

3

2

1

0

1

Chilliwist Creek

2007

1

0

0

0

0

Loup Loup Creek

2006–2009

4

15

4

0

8

Salmon Creek

2003–2009

4

39

10

0

21

Aeneas Creek

2007

1

0

0

0

0

Similkameen River

2005–2009

5

685

137

98

244

Totals

2002-2009

8

2,954

579

323

1,012

size where they smolted and migrated downstream to the Pacific
Ocean. Access into the Okanogan and Skaha lakes was blocked in
1954 when fish ladders on dams constructed at the outlets of these
lakes in 1915 and 1921 respectively were taken out of operation after
McIntyre Dam was constructed at the outlet of Vaseaux Lake without a fish ladder. Currently, sockeye use only Osoyoos Lake.
Fulton (1970) also reported that sockeye spawned in Sinlahekin
Creek, a tributary of Palmer Lake (Similkameen River drainage of
the Okanogan Sub-basin), but Craig and Suomela (1941) suggested
that Enloe Falls at RKM 9.6 (RM (6) on the Similkameen River
blocked their migration to Palmer Lake. In any event, Enloe Dam
superimposed on the falls blocked their migration in 1920. The
presence of sockeye in the Similkameen River below Enloe Dam
has been observed on numerous occasions since 1936 (Chapman
1941; Bryant and Parkhurst 1950; Chapman et al. 1995; Peven 2003).
Palmer Lake does contain a population of kokanee salmon. It
would be interesting to conduct genetic tests on them to see if they
are remnants of a native sockeye strain.
Major and Mighell (1966), Hyatt and Stockwell (2003), and
Hyatt et al. (2003) noted that high temperatures (> 23°C) in the
Okanogan River blocked the migration of sockeye salmon to
their spawning grounds for about 2.5–3.5 weeks in some years.
Temperature levels rose above 23°C in years with low discharge in
comparison to years with high discharge. Apparently, in years with
low discharge, too much water is removed from the Okanogan
River and its tributaries for irrigating croplands to supply sufficient
discharge that would reduce temperatures to levels that would promote sockeye migration.
Sockeye spawn predominantly in the mainstem of the
Okanogan River between RKM 144 (upstream of Osoyoos Lake)
and RKM 169.6 (McIntyre Dam), most in a 8 km reach below
McIntyre Dam (Peven 1992; Hagen and Gette 1994). Occasionally,
under high discharge conditions, sockeye jump through the dam
gates at McIntyre Dam and spawn above the dam to the outlet of
Skaha Lake (Hyatt et al. 2003). Sockeye also spawn in tributar-

ies of Osoyoos Lake and in the Similkameen River below Enloe
Dam (Chapman 1941; Bryant and Parkhurst 1950; Chapman et al.
1995). Most of the fish spawned at these locations migrate to utilize
Osoyoos Lake as a nursery lake. Those spawned in the Similkameen
are blocked from entering Osoyoos Lake by Zosel Dam and probably migrate downstream and utilize mainstem reservoirs of the
Columbia River as surrogate nursery lakes (Chapman et al. 1995).
Osoyoos Lake is classified as eutrophic. As a result it produces
large quantities of zooplankton that, in turn, produces some of the
largest sockeye smolts reported anywhere in the literature (Allen
et al. 1972; Mullan 1986). Because they are so large, smolts take less
time in the ocean to reach sexual maturity. They generally spend
only one year in the ocean and return to spawn at age 3, rather than
spending two years in the ocean and returning at age 4 like the Lake
Wenatchee population. Sockeye smolts raised in Osoyoos Lake
tend to be larger at outmigration and smaller as returning adults
than those raised in Lake Wenatchee (Mullan 1987, Peven 1991).
Escapement of sockeye salmon in the Okanogan River (based
on counts at the Wells Dam fish ladder after 1966) totaled; averaged (ranged):
• 511,400; 51,150 (8,500–129,600) from 1960–1969;
• 288,255; 28,826 (7,500–50,700) from 1970–1979;
• 360,652; 36,605 (15, 895–81,054) from 19810–1989;
• 172,726; 17,273 (1,665–41,951) from 1990–1999;
• 628,132; 62,813 (10,586–165,334) from 2000–2008; (Data
from Streamnet.org, queried on 20 December 2010).
In 2010, the number of sockeye counted at Wells Dam was
291,764. The 2010 count was the largest on record. Approximately
99% of sockeye counted at Wells Dam enter the Okanogan River.
The increase in sockeye abundance from 2000–2010 is likely due
to improvement in ocean conditions associated with the Pacific
Decadal Oscillation (Hyatt et al. 2003).
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Table 5.69

Rainbow trout plants by WDFW in the Okanogan Basin, 1914–2007. (Data from 1923-1932 are missing). Data from Darwin
1916a, 1916b, 1917, 1920, 1921a, 1921b; Dibble and Kinney 1923; WDFW fish stocking database 1933–2007).

Location

Years stocked

Aeneas Creek

41, 43-44, 47, 82, 84-94

163,127

Aeneas Lake

37, 39-45, 48, 50, 52-80, 83, 95-96, 98, 01-06

663,222

Alkali Lake

52

Antoine Creek

43

Blue Lake (Sinlehekin)

45, 47, 60-61, 64-70, 71-76, 78-81, 82-87, 89-94, 95, 98-06

863,716

Blue Lake (Lime Belt)

52-56, 58, 60-61, 63-65, 68

58,190

Blue Lake (Wannacut)

53, 59, 61

36,990

Bonaparte Creek

17, 43-44, 97

Bonaparte Lake

14, 34, 36-48, 50-51, 53-58, 61, 63, 64-81, 84, 86-93, 85-00, 02-07

Castor Lake

84-92, 95-96

Chiliwist Creek

42-44, 47, 56

54,960

Chopaka Lake

20-22, 41, 62-86, 88, 90-06

921,729

Conconully Lake

14, 39-45, 54-56, 58, 61-74, 83, 95-07

Connors Lake

84, 06

Crawfish Lake

14, 39-45, 54-56, 58, 61-74, 93, 95-07

Duley Lake

50

6,660

Fancher Reservoir

50, 87-93, 95-06

47,177

Fish Lake

43-47, 51-54, 56-63, 66-81, 83-88, 90-95, 98-07

Forde Lake

84

2,535

Hess Lake

51, 61, 72-85-87, 89, 93, 95-96, 98-02

54,132

Leader Lake

63-07

1,326,630

Lime Belt Lake

53-54

13,195

Little Goose Lake

45-48, 50-52, 55

93,905

Little Loup Creek

43

15,000

Loup Loup Creek

43

25,000

Okanogan River

13, 42, 71-72

48,234

Omak Creek

21, 53, 62, 04

319,800

Omak Lake

50-52, 54-57, 60

293,390

Oroville Pond

46

21,116

Osoyoos Lake

33, 36-37, 40-41, 45-46, 79, 82-91

600,871

Palmer Lake

17, 39-41, 48, 56, 83-64, 66, 71-74, 76-82, 84-85, 87, 91

Pasayten River

36, 41

Rainbow Lake

49, 51, 55, 58

12,560

4,255
7,000

72,289
1,254,350
29,751

11,608,601
3,015
544, 569

2,149,977

2,105,299
12,400

39, 42-52, 71

228,497

Salmon Creek (Middle Fork)

21

38,000

Salmon Creek (North Fork)

43-45, 68-71

62,095

Salmon Creek (South Fork)

21, 36, 43

45,986

Scanlan Lake

87

1,275

Sinlahekin Creek

39-41, 43-46, 48, 53, 65

276,350

Sinlahekin Creek (impoundments)

55, 59, 73

35,432

Siwash Creek

42, 43

12,176

Similkameen River

48, 70-71

24,424

Spectacle Lake

36, 38, 40-49, 51-67, 69-78, 80-84, 86-07

Toats Creek

34-36, 39-40, 43-45, 47, 50-51

Tunk Creek

49-51

Salmon Creek

7,606,491
272,346
4,035

Wannacut Lake

50-52, 55, 57-91, 93, 95-96, 98-07

4,002,819

Whitestone Lake

41, 43-45, 48-49, 50-48, 60-71, 73-74

1,025,809
36,524,811

Total
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Counts of sockeye salmon at Zosel Dam on the Okanogan River
numbered 67,542 in 1953 (Major and Mighell 1966). Counts at Zosel
Dam were estimated at 25,172–42,410 in 1992 (Hatch et al. 1992) using
an underwater video recording system installed in the fish ladder at
Zosel Dam. The total counts at Zosel Dam averaged (ranged) 43,902
(17,708–77,533) and totaled 175,608 between 2006 and 2009. Johnson
et al. 2007; [Fish Passage Center at the University of Washington internet website Columbia River DART (Data Access in Real Time)].
Annual counts of sockeye salmon on spawning gravels in
Washington State were compiled by WDFW for Streamnet.org
(interrogated on 20 December 2010). Counts totaled; averaged
(ranged):
• 136,291; 34,073 (25,350–40,650) over a 4-year interval
(1956–1959);
• 66,263; 6,626 (0–24,116) over a 10-year interval
(1960–1969);
• 79,501; 8,833 (229–21,767) over a 9-year interval
(1970–1978); and
• 72,191; 24,064 (5,994–43,000) over a 3-year interval
(2001–2003).
Annual estimates of the number of sockeye spawning in a 7 km
segment of the Okanogan River in British Columbia below McIntyre
Dam have been made since 1947 (Stockwell and Hyatt 2003). Those
counts were made at approximately weekly intervals over the course of
four or five weeks in each year that counts were made. The maximum
number of sockeye counted at one time in each year was: 2,257 in 1947,
1,430 in 1948, 83 in 1949, no count in 1950, 4,548 in 1951, 9,249 in 1952,
12,892 in 1953, 10,628 in 1958, 20,205 in 1959, 3,421 in 1960, 691 in 1961,
1,969 in 1962, no counts in 1963, 1964, or 1965, 44,865 in 1966, 17,200 in
1967, 4,590 in 1968, no counts in 1969 or 1970, 21,767 in 1971, 9,441 in
1972, 6,328 in 1973, 3,072 in 1974, 6,684 in 1975, 8,552 in 1976, 2,994 in
1977, 421 in 1978, 844 in 1979, no counts in 1980, 1981, or 1982, 34,021 in
1984, 19,552 in 1985, 9,056 in 1986, 12,190 in 1987, 18,961 in 1988, 10,200
in 1989, 1,456 in 1990, 7,165 in 1991, 26,630 in 1992, no counts in 1993,
73 in 1994, 1,960 in 1995, 9,572 in 1996, 7,175 in 1997, 567 in 1998, 2,874
in 1999, 26,095 in 2000, and 38,222 in 2001 (Stockwell and Hyatt 2003).
Landlocked kokanee salmon are also produced in the Okanogan
lakes. After the anadromous form of sockeye was extirpated from
Okanogan and Skaha lakes, kokanee took over the vacant ecological
niche and their populations increased until they reached the carrying
capacity of those lakes. At that time kokanee escapement into tributaries numbered hundreds of thousands of fish annually. Kokanee
escapements declined in recent years to fewer than 10,000 by 1999
(Andrusak et al. 1999). Declines were attributed to the introduction
of Mysis shrimp and loss of kokanee spawning habitat. Hatchery kokanee have been stocked into Okanogan and Skaha lakes in recent
years in an attempt to restore kokanee productivity in these lakes.
WDFW stocked at least 8,961,552 hatchery raised kokanee in the
Okanogan sub-basin between 1914 and 2007 (Table 5.70). This does
not include any kokanee stocked from 1923–1932 because no records
were found for that time period. See Table 5.70 for details of locations, years planted and total number of fish planted in those years.
The annual number of kokanee returned to Omak hatchery in
2005–2008 (4 years) averaged (ranged) 5,728 (931–18,229), comprised of 1,462 (131–4,563) females and 4,266 (800–13,666) males
(compiled by WDFW for Streamnet.org, interrogated 20 December
2010). The annual number of kokanee spawned at Omak hatchery

from 2005–2008 averaged (ranged) 377 (222–602), comprised of
184 (113–302) females and 194 (109–3000) males. The annual egg
take averaged 178,425 (92,000–300,000) (compiled by WDFW for
Streamnet.org, interrogated 20 December 2010).
Spring Chinook salmon historically spawned in Salmon Creek
(Craig and Suomela 1941) and Omak Creek (Bryant and Parkhurst
1950; Fulton 1968), and in the Okanogan River above Osoyoos Lake
in British Columbia where 100–300 adults were observed on their
spawning grounds in May 1936 (Peven 2003). Counts of adult spring
Chinook Salmon at Zosel Dam on the Okanogan River averaged
(ranged) 352 (128–496) and totaled 1,406 between 2006 and 2009.
Historically, Chinook salmon ascended the Okanogan River
to Okanogan Lake (Clemens et al. 1939), but they currently can
migrate only as far as McIntyre Dam. Most summer Chinook
spawn in the mainstem of the Okanogan River between Malott,
Washington (RM 14.5) and the outlet of Osoyoos Lake (RkM 123.8)
or in the Similkameen River downstream from Enloe Dam
(Similkameen Rkm 14.2).
Summer / fall Chinook salmon also historically spawned
in the Okanogan River upstream from Lake Osoyoos in British
Columbia but are currently denied access to this area because
McIntyre Dam near the outlet of Lake Vaseaux blocked their migration (Peven 2003). Currently summer / fall Chinook spawn
in the Okanogan River from RKM 23.2–123.8 RM 14.5–77.4); and
in the Similkameen River between the mouth and Enloe Dam
[RKM 0–14.2 (RM 0–8.9)] (Peven 2003).
Summer Chinook redd counts in the Okanogan Basin were made
by Kohn (1984, 1988, 1989), Schwartzberg and Roger (1986), Langness
(1991), Hillman and Ross (1992), Hillman and Miller (1993, 1994,
1995), Miller and Hillman (1996, 1997, 1998), Murdoch and Miller
(1999, 2000), Miller and Murdoch (2001, 2002), Miller (2003, 2004,
2005, 2006), Hillman et al. (2007, 2010), and BioAnalysts (2009).
Total counts; average (minimum–maximum) annual counts of
summer Chinook salmon returning to the Okanogan River were:
• 4,176; 597 (34–1,473) from 1963–1969;
• 9,164; 916 (406–2,480) from 1970–1979;
• 4,781; 478 (87–890) from 1980–1989;
• 5,609; 561 (228–1,313) from 1990–1999; and
• 38,279; 3,828 (1,318–6,134) from 2000–2009.
Total numbers of summer Chinook redds counted by fixed
winged aircraft in the Okanogan River totaled; annually averaged
(ranged):
• 234; 59 (37–94) from 1956–1959;
• 1,132; 142 (9–389) from 1960–1969 (8 years sampled
during interval);
• 2,422; 242 (107–656) from 1970–1979;
• 1,250; 125 (23–235) from 1980–1989;
• 1,500; 150 (35–372) from 1990–1999; and
• 11,968; 1,197 (384–1,958).
Total counts; averaged (minimum–maximum) annual counts
of summer Chinook salmon returning to the Similkameen River
were:
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• 2,809; 401 (87–778) from 1963–1969;
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Table 5.70

Kokanee salmon plants by WDFW in the Okanogan Basin, 1914–2007. Data from 1923–1932 are missing. (Data from
Darwin 1916a, 1916b, 1917, 1920, 1921a, 1921b; Dibble and Kinney 1923; WDFW fish stocking database, 1933–2007.)

Location

Years stocked

Aeneas Lake
Bonaparte Lake

39-41

Total # stocked

16-17, 19-20, 37-41, 48, 55-59, 77-80, 82-07

Castor Lake

1920

60,000

Conconully Lake / Reservoir

20, 22, 33, 48-49

548,800

Horseshoe Lake

20

20,000
176,125

171,675

Little Goose Lake

19-20, 22, 33-44

Omak Lake

20

10,000

Osoyoos Lake

19, 20

195,550

Palmer Lake

19-20, 37, 39-41, 79, 85-07

3,333,350

Rimrock Lake

3

Similkamean River (Enloe Dam)

20

154,000
25,000

Sinlahekin Creek

38

579,953

Spectacle Lake

14, 16-17, 19, 20, 22, 33-37, 38

Whitestone Lake

20

1,465,699
35,000

Total

8,961,552

• 8,826; 883 (279–1,804) from 1970–1979;
• 10,716; 1,072 (298–2,554) from 1980–1989;
• 13,596; 1,360 (245–2,805) from 1990–1999; and
• 36,268; 3,627 (915–7,725) from 2000–2009.
Total numbers of summer Chinook redds counted by fixed
wing aircraft in the Similkameen River, totaled; averaged (ranged):
• 91; 30 (30–31) from 1957–1959;
• 579; 12 (17–154) from 1960–1969 (8 years surveyed during interval);
• 1,746; 175 (55–375) from 1970–1979;
• 1,895; 190 (57–309) from 1980–1989;
• 2,853; 285 (48–903) from 1990–1999;
• 10,195; 1,020 (103–2,127) from 2000–2009.
Total numbers of summer Chinook redds counted by conducting ground surveys in the Similkameen River totaled; annually averaged (ranged):
• 4,435; 444 (57–375) from 1990–1999; and
• 14,023; 1,402 (378–3,358) from 2000–2009.
The increase in returns from 2000–2009 is probably related
to better ocean conditions caused by the PDO as well as improvements made in downstream fish passage.
Fall Chinook returning to the Okanogan Sub-basin were recorded by making video counts at Zosel Dam in 2005, 2006, and
2007 (Johnson et al. 2007, 2008) Fifty seven fall Chinook were
counted at Zosel Dam in 2005, 481 in 2006, and 455 in 2007.
Currently, approximately 576,000 hatchery reared summer
Chinook are released into acclimation ponds in the Similkameen
River and Bonaparte Creek annually. These fish come from the
early part of the summer / fall run and return predominately from
July to August. In the future it is planned to release an additional
428

2,186,400

1.3 million hatchery reared salmon from fish that are propagated
over the full summer / fall run from July to November. Landlocked
lake resident Chinook have also been reported to Osoyoos Lake.
Bull trout were historically present in Loup Loup and Salmon
creeks (Fisher 2002) but introduction of brook trout and subsequent
hybridization of the two species led to the decline of bull trout in the
Okanogan Sub-basin (KWA Ecological Services 2009). Two bull trout
were observed in the fish ladder at Zosel Dam, one in 2007, the other
in 2008 (Johnsen et al. 2008; Panther 2010). These are the only records
that I found about the presence of bull trout in the Okanogan Basin.
Brook trout (n = 831,233) were stocked in 13 locations in the
Okanogan Basin by WDFW from 1914–1922 (Darwin 1916a, 1916b,
1917b, 1920b 1921a, 1921b; Dibble and Kinney 1923). See Table 5.71
for details of location, years planted and total numbers. Since then
many additional brook trout have been stocked by WDFW and the
USFWS / Colville Confederated Tribes at numerous locations in the
Okanogan Sub-basin. For example, in 1951, 1952, and 1956, CCT planted
448,000 brook trout into Omak Lake (Thiesen and Bond 1965). From
1954–1964, CCT planted 62,960 brook trout into Omak Creek, and
32,264 brook trout into Ninemile Creek (Thiesen and Bond 1965).
Several prickly sculpin were collected from the Okanogan
River in Washington State and placed in the UW fish collection: Specimen No. UW 15704 (collected in the Okanogan River
at Oroville, Washington on 1 November 1950), Specimen No.
UW 15857 (collected in the Okanogan River on 19 April 1957), and
Specimen No. UW 20084 (Collected in the Okanogan River on 10
March 1963). A slimy sculpin was collected from the Okanogan
River on 10 June 1964 (UW 20209).

SANPOIL RIVER SUB-BASIN
The Sanpoil River flows 107 km (67 mi) between its source in the
Okanogan Highlands of north central Washington near the town
of Republic [elevation 834 m (2,735 ft) above MSL] and its confluence with the Columbia River in Lake Roosevelt [elevation 393 m
(1,290 ft) above MSL] at Columbia RKM 992 (RM 620). Over much
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Table 5.71

Early records of brook trout stocking in the Okanogan Basin, 1914-1922. (Data from Riseland 1909, Darwin 1909, Darwin
1916a, 1916b, 1917, 1970, 1921a, 1921b, Dibble and Kinney 1923.)

Location

Years stocked

Antoine Creek

1914, 1917, 1919

Total # stocked

Bonaparte Creek

1914, 1922

14,000

Bonaparte Lake

1918, 1920, 1922

207,404

Chopaka Lake

1920, 1922

72,500

Concully Creek (South Fork)

1922

30,000

Loup Loup Creek

1917

15,000

Omak Creek

1914, 1917, 1922

45,000

Palmer Lake

1917, 1918, 1919

89,000

Salmon Creek

1918

30,000

Sinlahekin Creek

1914, 1948, 1920

127,500

Siwash Creek

1914, 1917, 1922

48,000

Spectacle Lake

1914, 1919, 1920

92,725

50,104

Total

821,233

of its length the river flows through the Colville Indian Reservation.
Lake Roosevelt, the reservoir behind Grand Coulee Dam, inundates
the lower 13 km of the Sanpoil River during the summer months
when the reservoir is at or near full pool [elevation 392–393 m
(1,288–1,290 ft)], forming the Sanpoil Arm of Lake Roosevelt. When
Lake Roosevelt is at full pool the average and maximum depth of
the Sanpoil Arm are approximately 40 m (131 ft) and 85 m (279 ft)
respectively. Maximum width of the Sanpoil Arm is approximately
1.3 km (0.8 mi). Above RKM 13.0, the Sanpoil River is free flowing
throughout the year. The river has no significant blockages or barrier
falls, leaving it fully accessible to migratory fish. The Sanpoil Subbasin encompasses 2,541 km² (981 sq mi). A map and photographs of
the Sanpoil Sub-basin are shown respectively in Figure 5.78 and 5.79.
Average (minimum–maximum) discharge of the Sanpoil
River above 13 Mile Creek near Republic, Washington (USGS
gauge # 12433890) was 40.0 (1.8–777) cfs during a 6-year period of record (water years 1973, 2006–2010). Mean (minimum–maximum) monthly discharge was 7.2 (3.6–13.2) cfs in
October, 12.7 (6.6–29.4) cfs in November, 20.0 (4.6–86.9) cfs in
December, 38.5 (6.2–191.0) cfs in January, 29.8 (6.9–102.0) cfs in
February, 76.0 (19.6–173.0) cfs in March, 135.0 (53.2–372.0) cfs
in April, 116.0 (54.7–196.0) cfs in May, 95.7 (25.8–125.3) cfs in
June, 23.8 (7.2–61.2) cfs in July, 7.6 (2.3–16.1) cfs in August, and
5.6 (2.3–12.0) cfs in September.
Sanpoil River discharge at Keller [RKM 18.7 (RM 11.7)] was measured at 66 cfs in October 1992, 85 cfs in November 1992, 123 cfs
in February 1993, 150 cfs in March 1993, 890 cfs in April 1993,
890 cfs in May 1993, 361 cfs in June 1993, 225 cfs in July 1993,
185 cfs in August 1993, and 102 cfs in September 1993 (WDOE
website http://www.ecy.wa.gov). Mean annual discharge at a USGS
gauge near the same location was 193.8 cfs in 2007, 145.2 cfs in
2008, 87.0 cfs in 2009, and 268.4 cfs in 2010 [http://waterdata.
usgs.gov (Sanpoil River above Jack Creek at Keller, Washington)].
Tributaries of the Sanpoil River, proceeding from the headwaters downstream, include:
• North, Middle, and South Forks of the Sanpoil River
which join to form the mainstem near Republic,
Washington;

• O’brien Creek: left (east) bank and its tributaries
(North Fork and South Fork);
• Camel Creek: left bank;
• Golden Harvest Creek: right (west) bank;
• Scatter Creek: right bank;
• Granite Creek: right bank;
• Ninemile Creek: left bank and its tributary Rabbit Creek;
• Tenmile Creek: right bank;
• Rattlesnake Gulch: right bank;
• West Fork Sanpoil River: right bank and its tributaries
(Gold, Roaring, and Lost creeks) and two tributaries of
Gold Creek (King and Deerhorn creeks);
• Seventeen Mile Creek: left bank;
• Nineteen Mile Creek: right bank;
• Twenty Mile Creek: left bank;
• Anderson Creek: right bank;
• Twenty-three Mile Creek: left bank;
• Bear Creek: right bank;
• Twenty-five Mile Creek: left bank;
• North Nanamkin Creek: right bank;
• South Nanamkin Creek: right bank;
• Cub Creek: right bank;
• Deadman Creek: left bank;
• Thirty Mile Creek: left bank;
• Bridge Creek: left bank;
• Capoose Creek: right bank;
• McAllister Creek: right bank;
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Columbia River Basin: Sanpoil Subbasin
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B

A

Figure 5.79

(A) Sanpoil River. (B) Upstream migration weir for counting adult kokanee and rainbow trout in the Sanpoil River.
Photographs courtesy of Bret Nine and Shay Wolvert, CCT Department of Fish and Wildlife.

• Louie Creek: left bank;
• Cache Creek: right bank;
• Lime Creek: right bank;
• Iron Creek: left bank;
• Empire Creek: right bank;
• Brush Creek: right bank;
• Jack Creek: left bank;
• Alice Creek: left bank;
• Copper Creek: left bank;
• Meadow Creek: right bank;
• Silver Creek: left bank;
• John Tom Creek: left bank;
• Dick Creek: left bank; and
• Manila Creek: right bank.
Land use practices in the basin include agriculture, cattle grazing, logging, and mining. These practices have resulted in 55% of
the tributaries that were once perennial now being intermittent,
and the stream bottom that once contained mostly gravel and
small cobble now being “cemented” or “paved” because of the accumulation of fine sediments. “Cemented” or “paved” conditions
make it difficult for female salmonid fishes to excavate redds because they are unable to loosen spawning gravels, so they are not
able to bury their eggs in the spaces between gravel and cobble.
Also, passage problems are created by streams with intermittent
flow that subsurface by mid to late summer. Additionally, in several instances roads have been constructed along the banks of the
tributaries with perched culverts that impede the passage of upstream migrating adults. The Colville Tribe is currently trying to
alleviate these problems in some tributaries (Iron, Louie, South
Nanamkin, North Nanamkin, Bridge, 20 Mile, 27 Mile, 13 mile,
Gold, and Roaring creeks) by conducting habitat improvement
and passage projects (LeCaire and Peone 1992; Jones 1999, 2000;
Sears 2004, 2005a, 2005b, 2007, 2008; Nine 2007, 2008, 2009).

Before the construction of Grand Coulee Dam, the Sanpoil
River supported Chinook salmon and steelhead trout (Bryant and
Parkhurst 1950; Fulton 1968, 1970; Scholz et al. 1985; Nine 2007). The
Sanpoil River was once famous for large runs of anadromous redband
steelhead trout Oncorhynchus mykiss gairdneri, which were blocked
by Grand Coulee Dam in 1939 (Bryant and Parkhurst 1950; Fulton
1970). However, remnant populations of native redband trout with
resident, fluvial, and secondary adfluvial life histories still occur in
the Sanpoil Sub-basin. Today, the river contains rainbow trout (both
coastal rainbow and interior redband trout with resident, fluvial, and
secondary adfluvial life histories). These fish are born in tributaries of the Sanpoil River and may remain in them throughout their
life (resident forms), migrate into the Sanpoil River (fluvial forms),
or migrate into the Sanpoil River and then travel downstream into
Lake Roosevelt (secondary adfluvial forms). Secondary adfluvial fish
migrate to Lake Roosevelt at age 1, age 2, or age 3. All three forms migrate back to their natal tributary between age 3 and 6 to spawn. The
Sanpoil also supports mountain whitefish, cutthroat trout(rare), kokanee salmon, and brook trout (Nine 2007). Past stocking has mainly
consisted of rainbow trout (both coastal and interior redband varieties), kokanee salmon, and brook trout (Nine 2007).
A total of at least 1,475,094 rainbow trout (nearly all coastal variety steelhead that were a genetic admixture of approximately 95%
coastal steelhead Oncorhynchus mykiss irideus genes and 5% interior
California redband trout Oncorhynchus mykiss stonei genes) that
came from the McCloud River, California were stocked in the Sanpoil
Sub-basin from 1916–2008 (Darwin 1917, 1921a; Dibble and Kinney
1923; WDFW fish stocking database; Winthrop NFH stocking records;
B. Nine, CCT Department Fish and Wildlife, pers. comm.). These
stockings were made by WDFW, USFWS, and CCT, and included:
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• 6,000 planted in Bridge Creek one time in 1937;
• 101,257 planted in Granite Creek 5 times from 1942–1947;
• 14,806 planted in Lost creek 18 times in 1979–1981,
1983–1989, 1998–2005, and 2007–2008;
• 40,382 planted in Nine Mile Creek in 1939, 1945, 1947,
and 1955;
• 138,966 planted in O’brien Creek 10 times in 1916, 1935,
1937, 1940, 1942–1943, and 1945–1947;
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• 899,333 planted in the Sanpoil River 67 times in 1920,
1934–1940, 1942–1949, 1951–1954, 1956, 1958–1959, 1979,
1981, 1983–1989, and 2002–2006;
• 230,535 planted in the Sanpoil River (West Fork) 7 times
in 1920, 1939, 1942–1945, 1947–1948, and 1955; and
• 44,933 planted in Scatter Creek 4 times in 1942–1943
and 1947–1948.
Additionally WDFW planted 68,725 steelhead (it is unknown if
they were of coastal or interior redband parentage) into the Sanpoil
River in 1921 and 1922 (Dibble and Kinney 1923), and CCT planted
3,702 redband rainbow into the Sanpoil River in 2006 (Nine, CCT
Department of Fish and Wildlife, pers. comm.).
Genetic analysis indicated introgression of costal rainbow trout
O. mykiss irideus into the native redband rainbow trout O. mykiss
gairdneri genome (Leary 1997). However, despite the intensive stocking of costal rainbow trout by WDFW and USFWS, there appears to be
more than one genetically pure spawning population of native redband trout remaining in the Sanpoil Basin. DNA extracted from rainbow trout was subjected to restriction enzymes that cut it into fragments, called restriction fragment length polymorphisms or RFLPs.
RFLPs obtained from each fish were then compared to determine
their genetic similarity. Genetic samples collected from rainbow
trout in Bridge Creek below a barrier falls indicated a genetic admixture of native redband trout containing introgressed genes of hatchery origin trout (Powell and Faler 2002). However, genetic samples
collected from rainbow trout in Bridge Creek above the barrier falls
indicated that a genetically pure strain of redband trout was present.
Small and Dean (2007) and Young et al. (2008) genotyped rainbow
trout using 14 microsatellite DNA loci and compared them to previously identified hatchery raised coastal rainbow trout, interior redband trout, and westslope cutthroat trout populations to determine
the extent of hybridization between coastal rainbow and interior
rainbow, and between interior rainbow and cutthroat trout. Samples
were collected from Manila, Iron, Bridge, 30-mile, South Nanamkin,
North Nanamkin, Bear, 23-mile creeks, and the West Fork Sanpoil
River and its tributary Gold Creek. Samples from Manila and Bridge
creeks revealed that some fish in both streams were a genetic admixture of native redband and coastal (McCloud River) rainbow / steelhead and the rest were pure redband trout (Small and Dean 2007). A
total of 79 of 104 fish examined from these streams were identified as
pure redbands (Small and Dean 2007; Young et al. 2008), including:
• 7 of 9 from Manila Creek;
• 2 of 3 fish from Iron Creek;
• 15 of 17 fish from Bridge Creek;
• 10 of 16 fish from 30-mile Creek;
• 3 of 3 fish from South Nanamkin Creek;
• 8 of 16 fish from North Nanamkin Creek;
• 1 of 2 fish from Bear Creek;
• 5 of 5 fish from 23-mile Creek;
• 16 of 18 fish from West Fork Sanpoil River, and
• 10 of 15 fish from Gold Creek.
Since about 2006, the Colville Confederated Tribes, Department
of Fish and Wildlife has stopped stocking coastal rainbow / steel432

head and is attempting to restore native interior redband rainbow
in the Sanpoil Sub-basin. Efforts are underway to restore passage,
spawning, and rearing habitat in several tributaries including Iron,
Louie, Bridge, 30-mile, South Nanamkin, and North Nanamkin
creeks and the West Fork Sanpoil River and Gold Creek.
Although, it is not known if sockeye / kokanee were historically
present in the Sanpoil Sub-basin, anecdotal accounts in the early 1900s
described “silvers” (i.e., kokanee salmon locally referred to as silvers or
silver trout) being caught in Curlew Lake, which at that time was connected to the Sanpoil River (Sanpoil River Sub-basin Plan 2004). The
Sanpoil kokanee salmon are a genetically unique stock when compared
to other stocks of kokanee (Loxterman and Young 2003; Kessler 2010),
suggesting, perhaps that they are native remnants of this population.
From 1915–1918, a total of 146,000 Lake Whatcom stock kokanee reared at the Washington State Fish hatchery in Republic,
Washington, were planted in the Sanpoil Basin by WDFW, including 18,000 stocked in Granite Creek in 1918, 7,000 stocked in the
South Fork Sanpoil River in 1918, 14,000 stocked in the Sanpoil
River in 1917, and 106,000 stocked in Sanpoil Lake between 1915
and 1918 (Darwin 1917, 1920, 1921a). Also, in each year from 1934–
1937 WDFW liberated Lake Whatcom kokanee into the Sanpoil
River totaling 175,000 fish (WDFW fish stocking database).
Snyder (1969) reported that biologists working for the United
States Bureau of Commercial Fisheries trapped adult kokanee that
were being pumped from Lake Roosevelt into Banks Lake in 1967
and stocked them into the Sanpoil River. It was thought that these
kokanee were from either the Arrow Lakes or Kootenay Lake, British
Columbia although no genetic testing was done to confirm this conjecture. These various plants established a natural spawning population of kokanee that numbered about 200–1,000 individuals until
the mid-1980s. Numbers of kokanee returning to the Sanpoil River
gradually declined from about 1985–2009, numbering about 1–100
individuals from 1995–1999, 0–54 individuals from 2000–2004 and
0–20 individuals from 2005–2009 (LeCaire 1997, 1998, 1999; Nine
2007, 2008; Wolvert and Nine 2010). Since kokanee numbers were
below the threshold for sustaining a naturally reproducing population, the Colville Tribe has begun a program of hatchery supplementation to augment the kokanee population of the Sanpoil River.
Meadow Creek (Kootenay Lake) kokanee fry (52–60 fish ⁄ lb) were
stocked in Gold Creek (tributary of the West Fork Sanpoil River)
in 2005 (n = 67,520), 2006 (n = 65,455), and 2009 (n = 582,140). Also,
582,140 Lake Whatcom kokanee fry and 10,080 Meadow Creek kokanee yearlings were stocked in the Sanpoil River, near its confluence
with Bridge and Brush creeks respectively, in 2010 (Stroud et al. 2011).
Between 1904 and 1922, a total of 400,990 brook trout were
stocked in the Sanpoil Sub-basin by federal or state fisheries
agencies (Table 5.72). Also, USBF stocked Yellowstone cutthroat
(n = 25,500) in Granite and O’brien creeks in 1913 and 1915 (Johnson
1914, 1917). WDFG stocked westslope cutthroat trout (n = 94,600) in
Granite Creek in 1914 and 1916, O’brien Creek in 1916, Sanpoil Lake
in 1918 and 1919, Sanpoil River in 1922, and West Fork Sanpoil River
in 1920 (Darwin 1916a, 1917, 1920, 1921; Dibble and Kinney 1923).
From 1997–2002, and in 2004, 2007, 2009 and 2010, EWU conducted boat electrofishing surveys in the Sanpoil Arm of Lake
Roosevelt, primarily in the late summer and fall (McLellan et al.
1998, 2001, 2005, 2008, 2010; McLellan and Scholz 2001, 2002a,
2002b, 2003; Blake et al. 2011). A total of 1,665 fish were collected
during these surveys, comprised (by relative abundance) of 7 families and at least 20 species, including:
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Table 5.72

Records of brook trout stocked in the Sanpoil River by the United States Bureau of Fisheries (USBF),
Washington Department of Fish and Game (WDFG) and United States Fish and Wildlife Service (USFWS).

Species

Year

Location

brook trout

1903

Sanpoil Lake

# Stocked

Agency

Reference

1,000

USBF

Kershaw (1904)
Titcomb (1905)

brook trout

1904

Sanpoil Lake

8,000

USBF

brook trout

1904

O’brien Creek

15,000

USBF

Titcomb (1905)

brook trout

1904

Sanpoil River

5,000

USBF

Titcomb (1905)

brook trout

1913

Sanpoil Lake

400

USBF

Johnson (1914)

brook trout

1914

Sanpoil River

25,000

WDFG

Darwin (1916a)

brook trout

1914

Sanpoil Lake

25,000

WDFG

Darwin (1916a)

brook trout

1914

Deadman Creek

8,000

WDFG

Darwin (1916a)

brook trout

1917

Sanpoil River

600

USBF

O’Malley (1917)

brook trout

1917

Sanpoil Lake

46,290

WDFG

Darwin (1920)

brook trout

1917

Granite Creek

12,000

WDFG

Darwin (1920)

brook trout

1917

O’brien Creek

20,000

WDFG

Darwin (1920)

brook trout

1917

Sanpoil River

27,000

WDFG

Darwin (1920)

brook trout

1918

Granite Creek

18,000

WDFG

Darwin (1920)

brook trout

1918

Sanpoil River (South Fork)

9,000

WDFG

Darwin (1920)

brook trout

1919

Sanpoil River

28,400

WDFG

Darwin (1921a)

brook trout

1921

Granite Creek

26,800

WDFG

Dibble and Kinney (1923)

brook trout

1921

O’brien Creek

6,500

WDFG

Dibble and Kinney (1923)

brook trout

1921

Sanpoil River

6,500

WDFG

Dibble and Kinney (1923)

brook trout

1922

Granite Creek

35,000

WDFG

Dibble and Kinney (1923)

brook trout

1922

O’brien Creek

55,000

WDFG

Dibble and Kinney (1923)

brook trout

1922

Sanpoil River (North Fork)

22,500

WDFG

Dibble and Kinney (1923)

brook trout

1994

Sanpoil River

21,425

USFWS

Winthrop NFH record

Total

422,415

• Cyprinidae: 1.6% carp (n = 27), 3.4% northern pikeminnow
(n = 56), 0.2% tench (n = 3);

• Catostomidae: 0.1% longnose sucker (n = 10), 0.1% bridgelip
sucker (n = 13), 1.2% largescale sucker (n = 168), < 0.1% unidentified sucker (n = 2);

• Catostomidae: 0.1% longnose sucker (n = 2), 1.3% bridgelip
sucker (n = 21), 19.2% largescale sucker (n = 319), 1.1% hybrid sucker (n = 18);

• Ictaluridae: 0.1% brown bullhead (n = 14);
• Salmonidae: 0.1% lake whitefish (n = 14), 0.1% mountain
whitefish (n = 9), < 0.1% unidentified trout, 7.7% rainbow
trout (n = 1,074), 0.4% kokanee salmon (n = 52), < 1% bull
trout (n = 1);

• Salmonidae: 0.3% lake whitefish (n = 3), 1.4% mountain whitefish (n = 23), 10.0% rainbow trout (n = 167), 2.2% kokanee
salmon (n = 37), 0.4% Chinook salmon (n = 7), 0.1% brook
trout (n = 1);

• Gadidae: 0.1% burbot (n = 17);

• Gadidae: 0.3% burbot (n = 5);

• Cottidae: 0.2% prickly sculpin (n = 28), 0.2% mottled sculpin
(n = 33), 0.2% shorthead sculpin (n = 30), < 0.1% torrent
sculpin (n = 1), 0.2% unidentified sculpin (n = 28);

• Cottidae: 0.1% unidentified sculpin (n = 1);
• Centrarchidae: 12.0% smallmouth bass (n = 199), 0.4% largemouth bass (n = 4), 1.4% black crappie (n = 24); and

• Centrarchidae: 62.8% smallmouth bass (n = 8,734), < 0.1%
largemouth bass (n = 2), 0.1% black crappie (n = 20); and

• Percidae: 10.7% yellow perch (n = 178), 34.0% walleye (n = 566).

• Percidae: 2.3% yellow perch (n = 316), 18.7% walleye (n = 2,600).

In 2009 and 2010 EWU and the Colville Confederated Tribes
collected fishes in the Sanpoil Arm by electrofishing and gillnetting
to determine the number of rainbow trout and kokanee salmon
that were consumed by walleye and smallmouth bass (Stroud et al.
2010; Stroud 2011). As part of these investigations other fishes were
also collected to determine their relative abundance as potential
prey for walleye and smallmouth bass. A total of 13,902 fish were
collected over the two year period, representing 8 families and 26
species, including (by relative abundance):

Relative abundance of sculpins was grossly underrepresented
in this study because they dove into rock crevices when electrofished and thus could not be easily captured by dipnetters.
In 2010, the Colville Tribe and EWU conducted backpack electrofishing surveys at three sites in the lower section of the free
flowing Sanpoil River between approximately RKM 15 and RKM 22.
A total of 400 fish, representing 4 families and 11 species were captured, including:
• Cyprinidae: northern pikeminnow (n = 6), longnose dace
(n = 90), speckled dace (n = 30), redside shiner (n = 1);

• Cyprinidae: 0.7% carp (n = 98), < 0.1% peamouth (n = 1), 4.5%
northern pikeminnow (n = 632), < 0.1% tench (n = 3);
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• Salmonidae: rainbow trout (n = 32), kokanee (n = 1);
• Cottidae: mottled sculpin (n = 11), shorthead sculpin (n = 1),
torrent sculpin (n = 11), unidentified sculpin (n = 185); and

2008, 2009, and 2010 (LeCaire 1998, 2000; Hauser 2007; Nine 2008,
2009; Wolvert and Nine 2010) totaled:
• Cyprinidae: northern pikeminnow (n = 1);

• Centrarchidae: pumpkinseed (n = 32).

• Catostomidae: unidentified sucker (n = 1);

Kokanee salmon returning to the Sanpoil River were counted
as they passed through an adult weir that completely blocked the
river near the mouth, and by conducting foot surveys in tributary
streams from 1995–2010 (LeCaire 1998, 1999, 2000, 2001, 2002,
2003; Hauser 2007; LeCaire and Nine 2007; Nine 2008, 2009;
Wolvert and Nine 2010; Wolvert et al. 2011). The weir was operated
for varying periods each year generally from July or August thru
October or November. Total numbers of kokanee returning were:
• 70–100 in 1995, distribution of those counted in adult
weir and observed in tributaries unknown;
• 10 in 1996, all in the adult weir;
• 1 in 1997, 1 in the adult weir and none observed in
tributaries;
• 35–70 in 1998, 13 in the adult weir and 22–57 in
tributaries;
• 50–100 in 1999, 57 in the adult weir and 22–57 in
tributaries;
• 54 in 2000, all in the adult weir. After being released
upstream of the weir, several kokanee and redds
were counted in the vicinity of Thirty Mile and South
Nanamkin creeks;
• 9 in 2001, all in the adult weir;
• 2 in 2002, both in the adult weir. The river experienced
low flows this year, percolating through gravel bars in
many spots, which impeded upstream migration of
kokanee;
• 3 in 2003, all in the adult weir;
• 3 in 2004, all in the adult weir;
• 0 in 2005, none counted in the adult weir or observed
in tributaries;
• 10 in 2006, 3 in the adult weir and 7 observed in
tributaries;
• 20 in 2007, all in the adult weir;
• 22 in 2008, all in the adult weir;
• 4 in 2009, none in the adult weir and 4 in tributaries; and
• 685 in 2010, all in the adult weir.
In 2010, the kokanee returning to the Sanpoil River included
8 wild kokanee (all males), 638 Meadow Creek kokanee that had
been stocked at lengths averaging 184 mm TL in May 2010 and returned from mid-August to mid-October 2010 as 2-year old males
(n = 514) and females (n = 124) that averaged 327 mm TL, and 39
2-year old F1 Lake Roosevelt hatchery stock kokanee (27 males and
12 females) that had been stocked in Lake Roosevelt in the Spokane
River near Fort Spokane and averaged 357 mm TL.
Numbers of other species captured in the adult kokanee weir
operated from summer through fall in 1997, 1999, 2000, 2006, 2007,
434

• Salmonidae: lake whitefish (n = 15), mountain whitefish (n = 3),
rainbow trout (n = 172), brown trout (n = 1), brook trout
(n = 1);
• Gadidae: burbot (n = 4);
• Cottidae: unidentified sculpin (n = 1); and
• Centrarchidae: smallmouth bass (n = 1).

Rainbow trout returning to spawning tributaries in the Sanpoil
River were monitored from March to July in 1994–2010, excluding 2006, by setting traps near the mouths of each tributary (Jones
1999, 2000; Sears 2003, 2004, 2005a, 2005b, 2008). Tributaries
that were monitored, from downstream to upstream, included
Iron, Louie, Bridge, 30-mile, South Nanamkin, North Nanamkin,
23-mile, 17-mile, 13-mile, 6-mile, and 3-mile creeks, the West Fork
Sanpoil River, and its tributaries Gold, and Deerhorn creeks. The
number of fish trapped in each tributary in each year is recorded
in Table 5.68. A total of 3,105 rainbow trout was trapped over this 16
year interval, comprised of 1,250 males, 1,924 females, and 317 that
were not sexed (Table 5.73).
The length and weight of approximately 2,850 adult rainbow
trapped during this 16 year interval averaged (ranged) 474 (311–
615) mm [18.6 (12.2–24.2) in] FL and 1,092 (314–2,756) g [2.4 (0.7–
6.1) lb] in weight. The large size of these trout indicated that they
were mostly adfluvial fish returning to tributaries of the Sanpoil River
from Lake Roosevelt. A few fish that measured about 311–375 mm and
weighed about 314–600 g were possibly fluvial rainbow trout that made
migrations from tributaries into the mainstem of the Sanpoil River or
resident rainbow that remained in the tributary throughout their lives.
Age and sex structure of spawning rainbow trout were age 3 (0 females
and 3 males), age 4 (7 females and 25 males), age 5 (21 females and
21 males), age 6 (11 females and 3 males), and age 7 (3 females and 3
males). Males spawned between ages 3 and 7 (most at age 4 or 5), and
females spawned at ages 4–7 (most at age 5 and (6) (Sears 2001).
CCT has trapped juvenile out-migrating rainbow trout and kokanee salmon in a screw trap set in the mainstem of the Sanpoil
River at sites near the mouth from 1996–1999 (LeCaire 1999), from
2007 (Nine 2009), and 2009–2010 (Wolvert and Nine 2010, Wolvert
et al. 2011). In 2007, the mainstem Sanpoil trap was set farther up
the river, just below the confluence of the West Fork. During these
years the screw trap captured 9,338 total fish (Table 5.74), comprised (by relative abundance) of:
• Cyprinidae: < 0.1% peamouth (n = 2), 12.8% northern pikeminnow (n = 1,198), 1.3% longnose dace (n = 118), 0.2% speckled
dace (n = 15), 2.3% unidentified dace (n = 214), 4.4% redside
shiner (n = 409), 0.2% tench (n = 15);
• Catostomidae: 0.9% longnose sucker (n = 87), < 0.1% bridgelip
sucker (n = 4), 1.9% largescale sucker (n = 185), < 0.1% mountain sucker (n = 6), 16.1% unidentified sucker (n = 1,649)
[Note: I suspect that the mountain sucker were misidentified bridgelip sucker because the Sanpoil River is outside the
normal range of mountain sucker. No voucher specimens
were retained to confirm this identification. Also, a note
attached to the database stated that the fish identified longnose sucker may have actually been longnose dace.];
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63
(33 / 19)
124
(47 / 64)

30 Mile

A. T. Scholz

-

-

-

-

-

-

17 Mile

13 Mile

10 Mile

3 Mile

West Fork

Gold
214

-

-

-

-

-

-

-

-

57
(? / ?)
111

-

11

1995²
#(M / F)
35

35
(17 / 19)

-

-

-

-

-

-

-

-

2
(0 / 2)
25
(11 / 14)

-

1996¹
#(M / F)
5
(2 / 3)
3
(3 / 0)

13
(11 / 2)

-

-

-

-

-

-

-

-

12
(10 / 2)

-

-

-

1997¹
#(M / F)
1
(1 / 0)

37
(17 / 20)

-

-

-

-

-

-

-

-

0
(0 / 0)
19
(7 / 12)

-

1998¹
#(M / F)
9
(5 / 4)
9
(5 / 4)

59
(30 / 29)

-

-

-

-

-

-

-

-

11
(5 / 6)
32
(16 / 16)

-

1999¹
#(M / F)
5
(2 / 3)
11
(7 / 4)

153
(76 / 77)

-

-

-

-

-

-

-

-

15
(6 / 9)
38
(20 / 18)

-

2000²
#(M / F)
45
(17 / 28)
55
(32 / 23)

7
(4 / 3)

-

-

-

-

-

-

-

-

-

-

-

7
(4 / 3)

-

2001³
#(M / F)

128
(51 / 87)

-

-

-

-

-

-

54
(16 / 38)
16
(6 / 10)
4
(2 / 2)

17
(5 / 12)
37
(12 / 25)

-

2002⁴
#(M / F)

81
(42 / 39)

-

-

-

-

-

12
(5 / 7)
17
(7 / 10)
7
(5 / 2)

-

22
(14 / 8)
17
(7 / 10)

-

2003⁵
#(M / F)

References: ¹ Jones (2000); ² Sears (2001); ³ Sears (2002); ⁴ Sears (2003); ⁵ Sears (2004); ⁶ Sears (2005a); ⁷ Sears (2005b); ⁸ Sears (2008)

Total

246
(87 / 90)

-

23 Mile

Deerhorn

-

Bear

North Nanamkin

South Nanamkin

-

1994¹
#(M / F)
37
(7 / 7)
17

243
(110 / 133
42
(23 / 19)

-

-

-

-

36
(21 / 15)
2
(1 / 1)

16
(9 / 7)
21
(13 / 8)

-

2005⁷ #
(M / F)

98
(42 / 56)
33
(21 / 12)

-

-

-

-

-

137
(59 / 77)
28
(15 / 13)
3
(3 / 0)
165
(61 / 104)

-

2007¹ #
(M / F)

79
(44 / 35)
71
(38 / 33)

-

-

-

-

-

51
(25 / 26)
18
(9 / 9)
20
(9 / 11)
17
(9 / 8)

2008 #
(M / F)
63
(28 / 35)

68
(28 / 40)
293
(78 / 215)

-

-

-

-

-

125
(55 / 70)
23
(6 / 17)
73
(24 / 49)
24
(13 / 11)

2009 #
(M / F)
33
(31 / 12)

18
(9 / 7)
18
(6 / 12)
38
(28 / 14)
31
(12 / 19)

-

-

49
(15 / 33)
39
(16 / 23)

-

-

2010 #
(M / F)
25
(10 / 15)

55
(23 / 32)
0
(0 / 0)
117
375
464
319
639
218
(52 / 65) (184 / 191) (201 / 263) (162 / 157) (235 / 404) (81 / 137)

-

-

7
(2 / 5)

3
(2 / 1)

-

13
(6 / 7)
15
(8 / 7)
24
(11 / 13)

2004⁶
#(M / F)
15
(7 / 8)

Total numbers and numbers of male (M) and female (F) rainbow trout captured from March to July 1997-2007, excluding 2006, in traps in tributaries of the Sanpoil River.
Flows were too high in 2006 to keep the traps in the water. - denotes that the tributary was not monitored in that year.

Bridge

Louie

Iron

Tributary

Table 5.73
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Table 5.74

Numbers of downstream migrating rainbow trout, kokanee salmon, and other species collected in a screw trap set near
the mouth of the Sanpoil River in 1996–1999, 2007, and 2009–2010. Nearly all of the kokanee captured in 2009 and 2010
were hatchery fish that migrated down the Sanpoil River immediately after being stocked.

Family

Species

Cyprinidae

peamouth
northern pikeminnow
longnose dace

Catostomidae

1996¹

1997¹

1998¹

2

0

4

123

0

2009²

Total

RA
(%)

0

2

< 0.1

428

1201

12.8

118

1.3

1999¹

2007²

2010³

0

0

0

0

0

379

3

264

0

0

0

2

52

64

speckled dace

0

0

0

0

0

4

11

15

0.2

unidentified dace

87

121

1

5

0

0

0

214

2.3

redside shiner

65

70

59

188

0

4

23

409

4.4

tench

10

0

0

0

2

0

3

15

0.2

longnose sucker

0

0

0

0

0

83

0

83

0.9

bridgelip sucker

0

0

0

0

0

4

0

4

< 0.1

largescale sucker

0

0

0

0

0

3

182

185

1.9

mountain sucker

0

0

0

0

0

6

0

6

< 0.1
16.1

unidentified sucker

88

1,065

110

386

0

0

0

1,649

Ictaluridae

brown bullhead

0

0

0

0

0

0

7

7

0.1

Salmonidae

lake whitefish

0

0

0

0

0

6

0

6

< 0.1

mountain whitefish

0

0

0

0

8

16

0

24

0.2

rainbow trout

202

383

105

267

57

1,192

800

3,006

32.2

kokanee salmon

5

1

0

1

1

1,233

839

2,080

22.3

brook trout

0

0

0

1

0

0

0

1

0.1

Gadidae

burbot

0

2

0

0

0

8

0

10

0.1

Cottidae

unidentified sculpin

28

23

14

17

1

65

69

217

2.3

Centrarchidae

smallmouth bass

0

0

0

1

0

24

13

38

0.4

Percidae

yellow perch

0

0

1

0

0

0

0

1

< 0.1

40

0

0

2

0

1

7

50

0.5

531

1788

290

1247

74

2965

2446

9341

100

Unidentified
Total

References: ¹ LeCaire (1999); ² Nine (2009); ³ Wolvert and Nine (2010)
• Ictaluridae: < 0.1% brown bullhead (n = 7);
• Salmonidae: < 0.1% lake whitefish (n = 6), 0.2% mountain
whitefish (n = 24), 32.2% rainbow trout (n = 3,006), 22.3%
kokanee (n = 2,080), 0.1% brook trout (n = 8);
• Gadidae: 0.1% burbot (n = 10);
• Cottidae: 2.3% unidentified sculpin (n = 217);
• Centrarchidae: 0.4% smallmouth bass (n = 38);
• Percidae: < 0.1% yellow perch (n = 1); and
• Unknown: 0.5% unidentified (n = 50).

LeCaire (1999) expanded the estimate of the number of rainbow trout (n = 383) and kokanee (n = 1) captured in the Sanpoil
screw trap in 1997 using the procedures described in Chapter 1, to
estimate the total number of rainbow trout and kokanee migrating
out of the Sanpoil River in 1997 at 2,890 and 8 respectively.
In 2009, 0.5 year old kokanee (n = 582,140) were planted in the West
Fork Sanpoil River and 1,233 of them were intercepted at the Sanpoil
trap yielding a population (± 95% CI) of 10,283 (4,925–15,461) kokanee
that migrated out of the Sanpoil River (Wolvert and Nine 2010).
Wolvert and Nine (2010) expanded the number of juvenile
rainbow trout (n = 1,189) counted in the Sanpoil screw trap in 2009
to a population (± 95% CI) of 22,095 (15,095–37,367) that migrated
436

out of the Sanpoil River into Lake Roosevelt. Wolvert et al. (2011)
expanded the number of juvenile rainbow trout (n = 800) counted
in the Sanpoil screw trap in 2010 to a population (± 95% CI) of
38,979 (19,683–64,274) juvenile rainbow trout that migrated out
of the Sanpoil River into Lake Roosevelt in 2010. Approximately
37% of this population were age 1 rainbow that averaged (ranged)
105 (31–130) mm TL and 12 (1–30) g in weight, and 63% were age
2 or 3 rainbow trout that averaged (ranged) 164 (131–241) mm TL
and 42 (14–128) g in weight. Kokanee 0.5 year olds (n = 589,580)
and 1.5 year olds (n = 10,080) were planted in the Sanpoil River
in 2010 a short distance above the screw trap and large numbers
were captured in the trap. Kokanee age 0.5 year old fish (n = 3,920)
measured (ranged) 56 (40–75) mm TL and weighed approximately
1 g. Kokanee 1.5 year old fish (n = 244) measured (ranged) 182 (131–
230) mm TL and weighed 60 (22–115) g.
CCT has also trapped juvenile outmigrating rainbow trout
and kokanee in a screw trap set near the mouth of the West Fork
Sanpoil River just below the confluences of one of its tributaries
(Gold Creek) in 2002, 2003, and 2008 (Sears 2004; Nine 2008). In
2004 and 2005 the trap was set nearby at the mouth of Gold Creek
(Sears 2005a, 2005b). A total of 2,310 fish was captured in these
traps (Table 5.75), comprised (by relative abundance) of:
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Table 5.75

Numbers of downstream migrating rainbow trout, kokanee salmon, and other species collected in either West Fork
Sanpoil River (2002, 2003, 2008) or in Gold Creek near its confluence with the West Fork (2004, 2005). Data for both sites
are included on this table due to their close proximity to each other.

Family

Species

Cyprinidae

northern pikeminnow
longnose dace
redside shiner
unidentified sucker
longnose sucker
mountain whitefish
cutthroat trout
rainbow trout
brook trout
unidentified sculpin

Catostomidae
Salmonidae

Cottidae
Total

2002¹

2003²

2004³

2005⁴

2008⁵

Total

RA
(%)

3
0
3
8
0
0
0
341
0
0

0
0
0
6
0
0
0
631
0
10

0
0
0
2
0
0
0
118
0
10

0
0
0
2
0
0
1
119
0
4

0
24
0
0
4
8
0
932
7
14

3
24
3
18
4
8
1
2141
7
38

0.1
1
0.1
0.8
0.2
0.3
< 0.1
95.3
0.3
1.6

355

647

130

126

989

2247

100

References: ¹ Sears (2003); ² Sears (2004); ³ Sears (2005a); ⁴ Sears (2005b); ⁵ Nine (2005)
• Cyprinidae: 0.1% northern pikeminnow (n = 3), 1.0% longnose
dace (n = 24), 0.1% redside shiner (n = 3);
• Catostomidae: 0.8% unidentified sucker (n = 18), 0.2% longnose sucker (n = 4);
• Salmonidae: 0.3% mountain whitefish (n = 8), < 0.1% cutthroat
trout (n = 1), 95.3% rainbow trout (n = 2,202), 0.3% brook
trout (n = 7); and
• Cottidae: 1.6% unidentified sculpin (n = 38).

Thus, rainbow trout constituted an overwhelming majority of
the fish captured in the West Fork Sanpoil River, and no kokanee
salmon were observed.
Juvenile rainbow trout were also sampled in several tributaries of the Sanpoil River in downstream migration traps set a short
distance above their confluence of the Sanpoil River (LeCaire 1999;
Jones 2000, 2001, 2002, 2004, 2005a, 2005b; Nine 2009). The annual average (range) of juvenile rainbow trout sampled in each
tributary was:

The Sanpoil River has 41 major tributaries. If the average mean
(n = 113), average minimum (n = 60), and average maximum values
(n = 276) calculated for the 10 sampled tributaries are multiplied
by 41, this yields 4,633 (2,488–9,676) downstream migrating juveniles. Since the traps do not intercept all of the downstream migrants, these numbers comport favorably to the numbers of fish
estimated migrating past the screw trap set near the mouth of the
Sanpoil River. This number (± 95% CI) was 2,890 in 1997 (LeCaire
1999), 22,095 (15,695–37,367) in 2009 (Wolvert and Nine 2010), and
38,979 (13,683–64,234) in 2010 (Wolvert et al. 2011). Counts in tributaries would tend to favor using the lower 95% CI number of the
estimates for the mainstem screw trap in each case.
The CCT has conducted backpack electrofishing and snorkeling surveys in six Sanpoil tributaries. Results of these surveys are
summarized below:

• 73 (10–143) in Iron Creek in 1996, 1997, 1998, 1999, 2000
and 2008;
• 108 (19–291) in Louie Creek in 1996, 1998, 1999, 2000,
and 2008;

• Louie Creek: LeCaire and Peone (1992) backpack
electrofished 4.5 km of Louie Creek in 1990 and used
the Seber-LeCren removal–depletion method to
estimate the population of rainbow trout (± 95% CI) at
1,510 (± 120) (density = 360 rainbow trout ⁄ km). Only
rainbow trout were present during this survey.
• South Nanamkin Creek: LeCaire and Peone (1992)
backpack electrofished 4.6 km of South Nanamkin
Creek in 1990 and used the Seber-LeCren removal–
depletion method to estimate the population of
rainbow trout (± 95% CI) at 1,610 (± 260) (density = 350
rainbow trout ⁄ km). Only rainbow trout were present
during this survey. The population was comprised
of 870 (± 160) age 0 fish, 570 (± 40) age 1 fish, and
210 (± 60) age 3 fish. All other age classes (2, 4, 5) were
composed fewer than 50 fish combined.

• 67 (58–75) in Bridge Creek in 2002 and 2008;
• 152 (7–508) in South Nanamkin Creek in 1996, 1999,
2000, and 2004;
• 102 (2–284) in North Nanamkin Creek in 1996, 1997,
1998, 1999, and 2000;
• 25 (25–25) in Bear Creek in 2002;
• 23 (23–23) in 13-Mile Creek in 2008;

• Bridge Creek: CCT backpack electrofished four sites
in Bridge Creek in 2001 and collected a total of one
unidentified dace (90 mm TL), 205 rainbow trout
(30–250 mm TL), 131 brook trout (40–250 mm TL), and
43 unidentified sculpin (50–100 mm TL) (Sears 2002).

• 547 (340–932) in West Fork Sanpoil River in 2002, 2003,
and 2008;
• 107 (95–119) in Gold Creek in 2004 and 2005; and
• 28 (28–28) in Deer Horn Creek in 2004.
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• 23-Mile Creek: CCT backpack electrofished seven sites in
23-Mile Creek in 2003 and collected a total of 60 rainbow
trout (32–140 mm TL), 2 brook trout (180–193 mm TL)
and 5 unidentified sculpin (72–76 mm TL) (Sears 2005).
• Gold Creek: LeCaire and Peone (1992) backpack electrofished 7.3 km of Gold Creek in 1990 and used the
Seber-LeCren removal–depletion method to estimate
the population of rainbow trout (± 95% CI) at 1,380
(± 250) (density = 190 rainbow trout ⁄ km). They also reported collecting brook trout and unidentified sculpin.
CCT backpack electrofished four sites in Gold Creek
in 2000 and collected a total of 3 longnose sucker
(95–100 mm TL), 19 brook trout (70–212 mm TL), and
338 unidentified sculpin (20–130 mm TL) (Sears 2007).
• West Fork Sanpoil River: LeCaire and Peone (1992)
backpack electrofished 8.6 km of the West Fork Sanpoil
River in 1990 and used the Seber-LeCren removal–depletion method to estimate the population of rainbow trout
(± 95% CI) at 1,360 (± 300) (density = 158 trout ⁄ km).
Torrent sculpin were also present. CCT backpack electrofished and snorkeled five sites in the West Fork Sanpoil
River in 2006 and collected or observed a total of 104
northern pikeminnow (25–120 mm TL), 804 rainbow
trout (15–305 mm TL), 42 brook trout (60–250 mm TL),
and 133 unidentified sculpin (6–110 mm TL) (Sears 2008).
From 1988 to the present (2011), the Colville Confederated
Tribes (CCT) have worked to improve spawning and rearing habitat for rainbow trout in many of the Sanpoil tributaries, including
activities such as:
1.

Replacing culverts that posed barriers to fish
migration;

2.

Fencing out cattle and planting shade trees along riparian
corridors that pass through pasture or agricultural lands
to stabilize the banks and cool stream temperature; and

3.

Restoring pools that provide rearing habitat for juvenile rainbow trout and resting habitat for migrating
adult rainbow trout.

Also, recognizing that naturally spawning kokanee salmon populations were nearly extirpated from the Sanpoil River, the CCT has been
restocking the Sanpoil with hatchery raised kokanee in an attempt to
restore natural spawning populations to the Sanpoil Sub-basin.
Rainbow and kokanee make adfluvial migrations out of the
Sanpoil River to feeding grounds in Lake Roosevelt, where they
grow to maturity before returning to the Sanpoil River to spawn.
However, poor numbers of spawning rainbow and kokanee are returning to the Sanpoil River. A major hurdle that juveniles face in
their downstream migration is when they pass from the free flowing Sanpoil River into the 13 km section of the Sanpoil River that
is inundated by Lake Roosevelt, which contains a virtual curtain
of walleye and smallmouth bass staging there awaiting the annual
salmonid migration, which serve as delectable morsels for these
voracious predators. In 2009 and 2010, EWU and CCT:
1.

438

Estimated the populations of each age class of these
predators in the Sanpoil Arm by using mark–recapture
methodology (Mark Program) described in Chapter 1;

2.

Conducted a food habitat study to determine the percentage (by weight) of rainbow trout (age 1), rainbow trout (age
2 and age 3), kokanee (age 0.5), and kokanee (age 1.5) in the
diet of each age class of walleye and smallmouth bass;

3.

Determined, by applying the Wisconsin Bioenergetic
Model, 3.0 the total weight ⁄ number of rainbow trout
(age 1), rainbow trout (age 2,3), kokanee (age 0.5), and
kokanee (age 1.5) that were consumed by an individual of
each class of walleye and smallmouth bass during the approximately 1.5–3 month downstream migration period;

4.

Expanded the individual estimates to the populations
of each age class of walleye and smallmouth bass;

5.

Combined the data to determine the percentage of age
1 rainbow trout, age 2–3 rainbow trout, age 0.5 kokanee,
and age 1.5 kokanee migrating past the Sanpoil screw
trap that were consumed by walleye and smallmouth
bass (Stroud et al. 2010a, 2010b; Stroud 2011).

In 2009, individual walleye of all age classes consumed an average
of 2 g of kokanee and 34 g of rainbow trout, and individual smallmouth
bass of all age classes consumed an average of 4.1 g of kokanee and
10.2 g of trout during a 41 day period (27 May to 7 July) (Stroud et al.
2010a). Multiplying these values by the population estimates of walleye
(n = 22,029) and smallmouth bass (n = 5,411) that ate salmonids yielded
total weights of salmonids consumed during the 41 day interval:
• 631.1 kg of rainbow trout consumed by walleye;
• 26.3 kg of kokanee consumed by walleye;
• 172.2 kg of rainbow trout consumed by smallmouth
bass; and
• 25.8 kg of kokanee consumed by smallmouth bass.
Consumption rates were converted to numbers of rainbow
trout and kokanee salmon by dividing the total weight found in
all predators stomachs by the average weight of an individual kokanee and rainbow found in their stomachs. Since the weight of a
rainbow trout was about 34.0 g in walleye stomachs and 7.3 g in
smallmouth bass stomachs, and the weight of a kokanee salmon
was about 1.1 g in both walleye and smallmouth bass stomachs, the
numbers of rainbow trout and kokanee consumed were:
• 18,562 rainbow and 23,832 kokanee consumed by
walleye; and
• 23,459 rainbow and 23,464 kokanee consumed by
smallmouth bass.
Combined, a total of 42,021 rainbow trout were consumed
by both species of predator compared to a population estimate
(± 95% CI) of 22,095 (15–685–37,367) rainbow trout migrating
downstream through the Sanpoil screw trap.
Combined, a total of 47,296 kokanee salmon were consumed
by both species of predator compared to a population estimate
(± 95% CI) of 10,283 (4,925–15,641) migrating downstream through
the Sanpoil screw trap. Since larger numbers of rainbow and kokanee
were consumed than migrated through the Sanpoil trap, it was concluded that predators consumed all or most of the salmonids migrating down the Sanpoil River. This result was consistent with the
observation that until 7 July rainbow and kokanee were present in

Fishes of Eastern Washington: A Natural History

Columbia River Basin Hydrology and Fish Distribution in Eastern Washington

the diets of walleye and smallmouth bass and then disappeared from
them entirely. The bioenergetics model predicted that all of the rainbow and kokanee should have been consumed by 7 July. This result
was also consistent with the CCT’s observations that very few rainbow
trout or kokanee return to the Sanpoil River as sexually mature adults.
In 2010, over a 112 day interval (from 24 March to 14 July), weight
percentages of 0.5 year old kokanee in walleye (n = 321) diets were 67.4%
of age 1, 45.3% at age 2, 34.3% at age 3, and 0% at age 4 and 5. Weight
percentages of 1.5 year old kokanee in walleye diets were 11.5% (age 1),
13.6% (age 2), 3.6% (age 3), 49.6% (age 4), and 59.6% (age 5). Weight
percentages of 1 year old rainbow trout in walleye diets were 0.8% (age
1), 0.45% (age 2), 2.1% (age 3), 0.0% (age 4), and 3.0% (age 5). Weight
percentages of 2 and 3 year old rainbow trout in walleye diets were 0%
at age 1, 3.2% at age 2, 25.5% at age 3, 6.1% at age 4, and 0% at age 5.
During the same interval, weight percentages of 0.5 year old kokanee in smallmouth bass (n = 297) diets were 10.3% at age 1-2, 11.3%
at age 3–4, 1.1% at age 5–6, and 8.8% at age 7–8. Weight percentages
of 1.5 year old kokanee in the diets of smallmouth bass were 0% at
ages 1–2. 3–4, and 5–6, and 8.8% at age 7–8. Weight percentages of
1-year old rainbow trout in the diet of smallmouth bass were 0% at
age 1–2, 1.9% at age 3–4, 1.55 at age 5–6, and 0% at age 7–8. Weight
percentages of 2 and 3 year old rainbow trout in smallmouth bass
diets were 0 at age 1–2 and 3–4, 14.1% at age 5–6, and 0% at age 7–8.
Based on applying the Wisconsin Bioenergetics Model:
• Age 0.5 kokanee were consumed by individual walleye:
39.9 g at age 1, 91.4 g at age 2, 122.3 g at age 3, and 0 g at
age 4 and 5;
• Age 1.5 kokanee were consumed by individual walleye:
6.9 g at age 1, 25.7 g at age 2, 13.0 g at age 3, 33.2 g at age
3, 380.4 g at age 4, and 316.7 g at age 5;
• Age 1.0 rainbow trout were consumed by individual
walleye: 0.3 g at age 1, 1.7 g at age 2, 33.2 g at age 3, 0 g
at age 4, and 38.9 g at age 5.
• Age 2 and 3 rainbow trout were consumed by individual walleye: 0 g at age 1, 58.1 g at age 2, 209.5 g at age
3, 21.7 g at age 4, and 0 g at age 5.
• Age 0.5 kokanee were consumed by individual smallmouth bass: 1.8 g at age 1, 3.4 g at age 2, 10.8 g at age 3,
6.9 g at age 4, 4.6 g at age 5, 5.7 g at age 6, 10.4 g at age 7,
14.0 g at age 8, and 16.1 g at age 9–15;
• Age 1.5 kokanee were consumed by individual smallmouth bass: 0 g at ages 1–6, 12.9 g at age 7, 17.4 g at age
8, and 20.0 g at age 9–15.
• Age 1 rainbow trout were consumed by smallmouth
bass: 0 g at age 5 and age 6, and 13.3 g at ages 7–9+; and
• Age 2 and 3 rainbow trout were consumed by smallmouth bass: 0 g at ages 1–2, 3–4, and 5–6, and 15.0 g at
ages 7–9+.
The populations of walleye (± 95% CI) in the study area was estimated at 12,257 (7,223–17,292), comprised of 8,617 (age 1), 2,194 (age 2),
1,163 (age 3), 235 (age 4), and 66 (age 5). The population of smallmouth bass (± 95% CI) in the study area was 41,291 (± 33,381–48,092)
comprised of 16,866 (age 1), 5,451 (age 2), 4,124 (age 3), 895 (age 4),
391 (age 5), 1,017 (age 6), 678 (age 7), 137 (age 8), 130 (age 9), 48 (age 10),
54 (age 11), 7 (age 12), and 7 (age 15).

During the 112 day interval the total weight of age 0.5 kokanee
consumed by the walleye populations was 285.1 kg at age 1, 152.0 kg
at age 2, 95.8 kg at age 3, and 0 kg at age 4 and 5. Age 1.5 kokanee
consumed by the walleye population was 49.4 kg at age 1, 42.8 kg
at age 2, 10.1 kg at age 3, 62.4 kg at age 4, and 25.0 kg at age 5. Age 1
rainbow trout consumed by the walleye population was 2.0 kg at
age 1, 2.9 kg at age 2, 26.0 kg at age 3, 0 kg at age 4, and 2.6 kg at
age 5. Age 2 and 3 rainbow trout consumed by the walleye population was 0 kg at age 1, 96.7 kg at age 2, 164.0 kg at age 3, 3.6 kg at
age 4, and 0 kg at age 5.
The total weight of age 0.5 kokanee consumed by the smallmouth bass population was 25.7 kg at age 1, 14.5 kg at age 2, 37.7 kg
at age 3, 5.0 kg at age 4, 1.6 kg at age 5, 4.7 kg at age 6, 5.6 kg at age 7,
1.8 kg at age 8, and 3.6 kg at ages 9–15. Age 1.5 kokanee consumed
by the smallmouth bass population was 0 kg at ages 1–6, 7.0 kg at
age 7, 2.2 kg at age 8, and 4.4 kg at ages 9–15. Age 1 rainbow trout
consumed by smallmouth bass was 0 kg at ages 1 and 2, 4.8 kg at
age 3, 1.3 kg at age 4, 0 kg at ages 5–6, and 4.0 kg at ages 7–15. Age 2
and 3 rainbow trout consumed by smallmouth bass was 0 kg at
ages 1–3, 3.0 kg at age 4, 0 kg at ages 5–6, and 4.5 kg at ages 7–15.
Based on average weights of 1.1 g for 0.5 year old kokanee, 50.4 g for
1.5 year old kokanee, 12.4 g for 1 year old rainbow trout and 41.3 g for
2–3 year old rainbow trout, age 0.5 kokanee consumed by the walleye
population totaled 251,449 at age 1, 134,083 at age 2, 84,459 at age 3, and
0 at ages 4 and 5. Age 1.5 kokanee consumed by the walleye population
totaled 981 at age 1, 849 at age 2, 201 at age 3, 1,239 at age 4, and 496 at
age 5. Age 1 rainbow trout consumed by the walleye population totaled
158 at age 1, 234 at age 2, 2,090 at age 3, 0 at age 4, and 206 at age 5. Age
2 and 3 rainbow trout consumed by the walleye population totaled 0 at
age 1, 2,339 at age 2, 3,969 at age 3, 86 at age 4, and 0 at age 5.
Age 0.5 kokanee consumed by smallmouth bass totaled 22,694
at age 1, 12,808 at age 2, 33,213 at age 3, 4,430 at age 4, 1,470 at age 5,
4,139 at age 6, 5,013 at age 7, 1,556 at age 8, and 3,151 at ages 9–15. Age
1.5 kokanee consumed by the smallmouth bass population totaled
0 at ages 1–6, 140 at age 7, 43 at age 8, and 88 at age 9–15. Age 1 rainbow trout consumed by the smallmouth bass population totaled 0
at ages 1–2, 384 at age 3, 102 at age 4, 0 at age 5 and 6, and 324 at ages
7–15. Age 2 and 3 rainbow trout consumed by the smallmouth bass
population was 0 at ages 1–6 and 110 at ages 9–15.
Combined, both predators consumed 94.7% of the total 0.5 year
old kokanee released (n = 558,464 or 589,580 released), 40.1% of the 1.5
year old kokanee released (n = 4,038 of 10,080 released), 24.0% of the 1
year old rainbow trout migrating past the Sanpoil screw trap (n = 3,499
of 14,578 trapped) and 27.4% of the 2–3 year old rainbow trout migrating past the Sanpoil screw trap (n = 6,504 of 23,738 trapped) over the
112 day interval. To reduce predation of walleye and smallmouth on
kokanee and rainbow, it was recommended to:
1.

Stock larger, older kokanee since predation rates were
40.1% on 1.5 year old kokanee and 94.7% on 0.5 year
old kokanee;

2.

Trap kokanee and rainbow trout migrating out of the
Sanpoil River and relocate them around the predator
trap; and

3.

Reduce the number of predators by either capturing
and removing them, or developing a sport–reward
program for walleye and smallmouth bass.
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SPOKANE RIVER SUB-BASIN
The Spokane River arises at the outlet of Lake Coeur d’Alene, Idaho
at an elevation of 608 m (1,994 ft) above MSL and flows west a distance of 179 km (111 mi) to its confluence with the Columbia River
at RKM 1,022.2 (RM 638.8). The elevation at the junction is 393 m
(1,290 ft) above MSL. The area encompassed in the drainage basin
is about 16,200 km² (6,240 sq mi).
Discharge of the Spokane River measured at Spokane,
Washington (USGS Gauge # 12422500) over a 119 year period of
record (1891–2010) averaged (ranged) 6,663 (49.7–49,000) CFS.
Monthly mean discharge averaged (ranged): 2,155 (1,300–
22,910) CFS in October, 3,277 (1,151–13,050) CFS in November,
5,114 (1,233–22,910) CFS in December, 5,520 (1,399–25,430) CFS
in January, 6,239 (1,489–22,060) CFS in February, 8,265 (2,047–
25,380) CFS in March, 14,020 (3,865–25,030) CFS in April, 17,590
(5,214–37,390) CFS in May, 10,920 (2,414–29,850) CFS in June, 3,342
(1,050–11,910) CFS in July, 1,703 (531–4,744) CFS in August, and
1,712 (935–3,302) CFS in September. The mean annual discharge
near its confluence with the Columbia River averaged 7,946 CFS
(225 m³ ⁄ s). Figures 5.80 and 5.81 respectively are a map of the
Spokane River drainage and a folio of photographs of the basin.
The Spokane River is subdivided into reaches by seven dams,
constructed by the Washington Water Power Company (now
Avista Utilities), including:
• Little Falls Dam at RKM 45 (RM 28.5);
• Long Lake Dam at RKM 54 (RM 33.8);
• Ninemile Dam at RKM 93 (RM 58.0);
• Monroe Street Dam at RKM 119 (RM 74.2);
• Upper Falls Dam at RKM 127.7 (RM 75.2);
• Upriver Dam at RKM 127.7 (RM 79.8); and
• Post Falls Dam at RKM 162.7 (RM 101.7).
The river runs through open stands of Ponderosa pine canopy
with prairie understory in the eastern portion and sagebrush understory in the western portion. Tributaries entering the eastern section
are well developed with wide valleys and numerous side streams
entering them. Tributaries in the western section have narrow valleys and few side streams. They cut through steep terrain, entering
the Spokane River as water falls a short distance above their mouths.
The Spokane River offered contrasting scenery; wide terraced
hillside canyons with scenic vistas and narrow gorges with sheer
cliffs and treacherous currents. The lower 30 miles of the river had
two or three sand and gravel bars where Indians dug freshwater
mussels (Ross 2011). Mussels are gone now, adapted to rapidly
flowing shallow water, they were drowned out by the backwaters of
Grand Coulee Dam. Glimpses of this historical landscape can be
had during the annual spring drawdown of Lake Roosevelt. One
feature exposed by the drawdown is a sand bar in the vicinity of
Mill Canyon Creek (RKM 34), where the Indians constructed weirs
and set nets to catch salmon and gather mussels. Here archaeologists have unearthed aboriginal and historical Indian encampments on both banks of the river with middens containing the
bones of salmonid fishes and two varieties of freshwater mussels,
as well as artifacts for procuring them (Ross 2011).
Near the mouth of the river there was a gorge so narrow that
a precarious suspension foot bridge was constructed across “the
440

narrows” about 1.5 miles east of the mouth. Lieutenant George W.
Goethals, United States Army Corps of Engineers, who would later
advance through the ranks to become a general and direct the construction of the Panama Canal, built a rickety corduroy log bridge
across the narrows in 1884. Anchoring it to the precipitous rock
face of the gorge was a vexing problem for the young engineer and
it eventually washed out. Galm et al. (1994) noted that Goethals remembered the bridge long after everyone else had forgotten about
it.“The hardest task I ever had…was not the [Panama] Canal…It
was a bridge I built over the Spokane River” (Griffith 1971).
To place Goethals statement into perspective, the construction of the Panama Canal had defeated the French, and the British
engineers who built the Suez Canal. Also, Goethals replaced the
original engineer directing the construction of the Canal for the
Americans because insufficient progress had been made.
The Spokane River, a wild whitewater river with currents so
treacherous that it was not routinely run by voyageurs working
for the Northwest Fur Company or Hudson’s Bay Company. Dams
have converted much of the free flowing Spokane River with its
numerous rapids and falls into a series of reservoir lakes. Below
Little Falls Dam , the lower 45 km of the Spokane River was inundated by the backwaters of Grand Coulee Dam, forming the
Spokane River Arm of Lake Roosevelt. At full pool the water in the
Spokane Arm is at elevation 393.2 m (1,290 ft) above MSL.
Little Falls Reservoir extends from RKM 45–54 between Little
Falls and Long Lake dams. At full pool the reservoir is at elevation
415.1 m (1,362 ft) above MSL.
Long Lake Reservoir (also called Lake Spokane) extends from
RKM 54–93 between Long Lake and Post Falls dams. The full pool
elevation of the reservoir is 468.2 m (1,536 ft) above MSL.
Nine Mile Reservoir extends from RKM 93–102 between Post
Falls Dam and Gun Club Rapids. The full pool elevation of the
reservoir is 489.8 m (1,607 ft) above MSL. From Gun Club Rapids
(RKM 102) to Monroe Street Dam (RKM 119), the Spokane River is
free flowing through numerous rapids (e.g., Devils Toenail at RKM
104.2 and Bowl and Pitcher at RKM 107.5). It loses about 33.5 m
in elevation over a distance of 16 km (110 ft in 10 mi from 1,717 ft
above MSL to 1,607 ft above MSL).
Monroe Street Reservoir extends from Monroe Street Dam
(RKM 119) to Upper Falls Dam (RKM 120) and Upper Falls
Reservoir extends to Upriver Dam (RKM 127.7). Over this 8.7 km
distance the river falls 40.5 m (133 ft) from 1,871 ft in the tailrace
of Upriver Dam to 1,738 ft in the forebay of Monroe Street Dam.
The reservoir behind Upriver Dam extends from Upriver Dam
(RKM 127.7) to Sullivan Road Bridge (RKM 140.2). At full pool the
reservoir elevation is 580.9 m (1,906 ft) above MSL. From the upper
end of Upriver Reservoir (RKM 140.2) to the tailrace of Post Falls
Dam (RKM 162.7), the elevation change over this distance (22.5 km
or 14.1 mi) is 40.1 m (161 ft) from 2,067 ft MSL in the Post Falls Dam
tailrace to 1,906 ft MSL at the head of Upriver Dam pool.
Post Falls Dam Reservoir extends from Post Falls Dam
(RKM 62.7) to the outlet of Coeur d’Alene Lake (RKM 177.8). The
elevation of Post Falls Dam pool is the same as Coeur d’Alene Lake,
648.6 m (2,128 ft) above MSL.
No major tributaries enter the Spokane River between the outlet of Coeur d’Alene Lake (RKM 177.8) and Monroe Street Dam
(RKM 119). Latah (also called Hangman) Creek joins the Spokane
River on the left (south) bank at RKM 115.8 (RM 72.4) in the free
flowing reach between Monroe Street Dam and the head of Nine
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Figure 5.81
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C

Spokane River Basin (A) Spokane Falls, a barrier to salmon migration. (B) Bowl and Pitcher (Riverside State Park).
Photograph by Larry Conboy, EWU University Graphics. (C) The narrows of the Spokane River before it was dammed.
Images (A, C) courtesy of Eastern Washington State Historical Society, Northwest Regional Archives, Spokane WA.
Figure 5.81 continued next page.
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D

Figure 5.81 continued (D) Devils Toenail Rapids (Riverside State Park). Photograph by Larry Conboy, EWU, University Graphics.
Mile Reservoir. Deep / Coulee creeks join the Spokane River on the
left bank at RKM 94.4 (RM 59.0) in Nine Mile Reservoir.
The only major tributary of Long Lake Reservoir is the Little
Spokane River, which enters from the right (north) bank at
RKM 90.1 (RM 56.3). Two tributaries enter Little Falls Reservoir.
Chamokane Creek enters from the right bank at RKM 52.5
(RM 32.8) and Little Chamokane Creek enters from the right bank
at RKM 50.9 (RM 31.8).
Principal tributaries of the Spokane Arm of Lake Roosevelt
include:
• Spring Creek on the left (south) bank at RKM 44.8
(RM 28);
• Mill Canyon Creek on the left bank at RKM 33.3 (RM 20.4);

• Harker Canyon Creek on the left bank at RKM 32.6
(RM 20.4);
• Pitney Creek on the left bank at RKM 20.3 (RM 12.7);
• Blue Creek on the right (north) bank at RKM 20.2 (RM 12.6);
• Sand Creek on the right bank at RKM 16.5 (RM 10.3);
• Orzada Creek on the right bank at RKM 13.0 (RM 8.1); and
• En'te (McCoys Springs) Creek on the right bank at
RKM 9.8 (RM 6.1).
Before the river was dammed, two waterfalls, Little Falls at
RKM 45 and Spokane Falls at RKM 120, were the principal attractions. Indian fisheries were centered around Little Falls Dam, the
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confluence of the Little Spokane and Spokane rivers, and Spokane
Falls (Scholz et al. 1985; Ross 2011).
Lieutenant Johnson, a member of the Wilke’s Expedition, explored the lower 45 km (28 mi) of the Spokane River on 14 and 15
June, 1841 and recorded:
“The river is pretty, its waters are transparent, and it
is joined in its course by many bubbling brooks. To judge
from the number of sheds for drying salmon, it must
abound with that fish. The average width of the stream
was about 200 feet,” (Johnson in Wilkes 1845).
At about the same time, Presbyterian missionary, Rev. Cushing
Eells reported that in June of 1839 approximately 1,000 Indians
congregated at Little Falls to harvest 400–800 salmon per day
weighing 40 lbs apiece (Eells 1840). A few years later, in 1862, cadastral surveyor L. P. Beach estimated that the Spokane Indians
“put up at least 250 tons [500,000 lbs] of dried salmon during the
fishing season” at their Little Falls fishery.
David Douglas, the noted botanist who explored the Columbia
Basin visited the Indian fishery at the confluence of the Spokane
and Little Spokane Rivers on 3 and 4 August, 1826. He observed
that the Spokane Indians took 1,700 salmon in one day (by 2 p.m.)
out of a trap that they had constructed in the Little Spokane
River (Douglas 1914). Livingston Stone (1883) a fisheries biologist
working for the United States Fish Commission visited the Little
Spokane River. He reported that (in 1882) 40,000–50,000 salmon
(or steelhead trout) were seen on drying racks at the Indian encampment there, but in 1883 the Indian catch was estimated at only
about 2,000 fish from the Little Spokane River (Stone 1883).
At Spokane Falls, the Spokane and Coeur d’Alene Indians used
basket traps similar to those used at Kettle Falls to catch salmon.
Capt. Charles Wilkes reported that at the height of the fishing
season nearly 1,000 Indians gathered there to fish (Wilkes 1845).
Besides these traps the Indians would spear and dipnet salmon below the falls. Spokane Falls were a migration barrier for most anadromous salmon. Many fish turned back downstream. The Indians
also built elaborate weir traps below the falls near the confluence
of Latah Creek to trap thousands of fish. Mr. J. N. Glover an early
resident of Spokane, Washington wrote in his memoirs:
“The first fall I was here, in 1873, and for several years
after that, Spokane was the great rendezvous for all the
Indians of this part of the country…At that time the
salmon used to come up the river in great numbers. I have
seen them so thick in the river that the rocks on the bottom would not be visible. The Indians took the fish out of
a shoal near the flat at the mouth of [Latah] Hangman
Creek. They had traps set there and beside, they would
spear the fish. They would build high scaffolds of willow
limbs for drying fish.”
So few people lived here then, about 6,000 Indians, a few trappers, missionaries, and settlers, that the wilderness absorbed them.
Their imprint on the landscape was minimal. Over the course of
a year each individual consumed about 300–600 lbs of salmon
apiece. Now with the human population of eastern Washington
is about 1,479,399 (in 2010). The number of salmon ascending
above Bonneville Dam was 809,512 Chinook salmon, 120,429 coho
salmon, 386,525 sockeye salmon, and 412,760 steelhead trout (in
2010). Average weights were approximately 18 lbs ⁄ Chinook, 8 lbs
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coho, 4 lbs ⁄ sockeye, and 8 lbs ⁄ steelhead, totaling 20,389,948 lbs.
Allowing that 50% of the fish were harvested and 50% escaped to
spawn, each person would be able to eat about 7 lbs of salmon.
Scholz et al. (1985) identified at least 12 locations in the Spokane
drainage where Indians gathered to fish for salmon and steelhead
in aboriginal times. They harvested a minimum of 150,000 fish annually and it was possible that more than 300,000 salmon were
harvested annually from the Spokane River (Scholz et al. 1985).
Assuming that Indians harvested between 50 and 80% of all
anadromous salmonids returning to the Spokane River, and that
20–50% of the fish escaped these fisheries to spawn, the total run
of anadromous salmonids into the Spokane River totaled approximately 180,000–660,000 fish annually.
The species of anadromous fish that ran into the Spokane River
included a race of summer Chinook salmon that averaged (ranged)
about 40 (20–80) pounds apiece (Eells 1840; Bryant and Parkhurst
1950; Fulton 1968; Scholz et al. 1985), steelhead trout (Bryant and
Parkhurst 1950; Fulton 1970; Scholz et al. 1985), coho salmon
(Fulton 1970), and a small run of sockeye salmon that migrated up
the Little Spokane River and used the Chain Lakes in the upper
reaches of the Little Spokane River as nursery lakes. Also, Pacific
lamprey migrated into and spawned in the Spokane River (Weaver
1935). These runs were extirpated from the Spokane River by:
1.

Development of the Euroamerican commercial fishery
in the Lower Columbia River which initially targeted
the large summer Chinook salmon. By 1893 the large
Chinook had largely disappeared from the Spokane
River “although steelhead still occur[ed] in considerable numbers…” (Gilbert and Evermann 1895) at that
time because they were not initially targeted by Lower
Columbia commercial fisherman to the same extent
as the summer Chinook. McDonald (1894) stated
that commercial fisheries prosecuted in the Lower
Columbia River intercepted upriver runs and drove
them to the brink of extinction.

2.

Construction of Little Falls Dam by the Washington
Water Power Company (now Avista Utilities) at Little
Falls (RKM 45) in 1911. At that time the Rivers and
Harbor Act was in effect, which required that fish passage facilities be constructed at dams. WWP constructed
a wooden flume fishway around Little Falls Dam
without any baffles that could serve as resting areas for
fish attempting passage. WDFG assigned an employee
to evaluate fish passage at Little Falls Dam in 1912. The
state fish commissioner wrote in his 24th and 25th annual report to the Governor of the state of Washington:
“That the fishway was not made use of by the
fish was demonstrated by the closest watch, by
an employee assigned to this work, extending over a period of more than sixty days”
(Darwin 1916a).
Thus, Little Falls Dam blocked anadromous salmonids
from their most productive spawning areas in the
upper reaches of the Spokane River and its tributaries,
especially Latah Creek and the Little Spokane River.
Kokanee (a land-locked form of sockeye) persisted
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in the Chain Lakes and a limited number of Chinook,
steelhead, and coho migrated into the Spokane to
spawn below Little Falls Dam.
3.

Construction of Grand Coulee Dam on the Columbia
River blocked all runs of anadromous fish commencing
in 1939 because no provision was made for a fish ladder.
This event permanently extinguished all remaining
runs of anadromous species into the Spokane River.

The Spokane River is intimately connected to the Rathdrum
Prairie Aquifer system. The aquifer adds cold ground water to the
river upstream (near Sullivan Road RKM 140) and downstream (below Monroe Street Dam RKM 119) from Spokane, Washington during the low flow summer months. Today, the use of aquifer water for
manufacturing and irrigation has so depleted the aquifer that there
is very little flowing over Spokane Falls by the end of the summer.
Before all this use of aquifer water, the minimum discharge over
Spokane Falls was about 1,000 CFS during the low summer flow
period. Today, discharge frequently drops below 100 CFS during
the low summer flow period. (See Chapter 4 Geology for details.)
The Spokane River has suffered from two forms of pollution.
First, cities along the river have discharged wastewaters which
added a lot of phosphorus to the river. In the river the phosphorus
stimulated phytoplankton in Long Lake Reservoir; so much phytoplankton that as it died and sank to the bottom of the reservoir, the
biochemical decay reactions depleted so much oxygen from the
colder bottom waters that there was an insufficient supply to support coldwater fishes. An axiom among limnologists is that "the
solution to pollution is dilution." However, at present, the reduced
aquifer discharge during the late summer low flow period serves
to increase phosphorus concentration rather than reduce it; so the
problem of too much phosphorus can also be directly related back
to too much water being removed from the aquifer.
The Spokane River also suffers from too many heavy metals
(lead, arsenic, zinc, and cadmium) that enter the river from Coeur
d’Alene Lake and too many PCBs that are being pumped into the
river by polluters in the state of Washington. The heavy metal pollution is related to over a century of mining activities at the Bunker
Hill Mine in Kellogg, Idaho. The heavy metals listed above were
a byproduct of silver mining that were discharged into the South
Fork of the Coeur d’Alene River. By 1931, so many heavy metals
had entered the South Fork of the Coeur d’Alene River, that both
the South Fork and the mainstem of the Coeur d’Alene River below the confluence of the North and South Forks were toxic to all
forms of aquatic life. (See more discussion about this in Chapter 4
Geology.) Moreover, a plume of toxic water could be traced across
Coeur d’Alene Lake to the Spokane River outlet.
One good thing about these heavy metals was that for many
years they suppressed phytoplankton production in Long Lake,
so despite the increase in phosphorus concentration as more and
more people settled in the Spokane / Coeur d’Alene area, phytoplankton production in Long Lake did not increase as much as it
could have because it was held in check by elevated concentrations
of heavy metals. Then in the 1970s, following the establishment of
the Environmental Protection Agency (EPA), the EPA required
Bunker hill to stop discharging heavy metals and clean up their
pollution in the South Fork of the Coeur d’Alene River. Their activities restored periphyton, benthic macroinvertebrates, and salmonid fishes to the Coeur d’Alene River and reduced the amount

of heavy metal contaminants entering the Spokane River. This had
the unfortunate side effect of reducing the suppression of phytoplankton in Long Lake.
Phytoplankton production in Long Lake blossomed and created a toxic stew in the reservoir. The City of Spokane ended up
spending millions of dollars to develop a wastewater treatment
plant that would eliminate much of the phosphorus entering the
river. However, population growth in Spokane County continues
to add ever increasing amounts of phosphorus, beyond the capabilities of the sewage treatment plant.
Population growth is the ultimate culprit responsible for pumping increasing amounts of water from the aquifer, resulting in
poorer flows in the Spokane River and adding increasing amounts
of phosphorus to the river. Low flows concentrate the discharge
from five sewage treatment plants making it difficult for them to
avoid violating the water quality standard for phosphorus.
On 14 April, 2004 two environmental groups, American Rivers
and the Sierra Club, listed the Spokane River as the 6th most endangered river in America. This listing occurred because state agencies
in Idaho (Idaho Department of Environmental Quality or IDEQ)
and Washington (Washington Department of Ecology or WDOE)
carelessly issued water rights to cities, farmers, and industry without adequately assessing ecological impacts to the river. Also, sewage treatment plants and industrial users sought exemptions from
discharge regulations that limited the amount of phosphorus they
could release into the river, rather than upgrading their facilities,
because it would be too costly.
Eleven families and 47 species of fishes currently occur in the
Spokane River drainage, including:
• Acipenseridae: white sturgeon;
• Cyprinidae: chiselmouth, goldfish, grass carp, carp, peamouth,
northern pikeminnow, longnose dace, speckled dace, redside shiner, tench;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;
• Ictaluridae: black bullhead, yellow bullhead, brown bullhead,
channel catfish;
• Esocidae: redfin pickerel, northern pike;
• Salmonidae: lake whitefish, mountain whitefish, cutthroat
trout, rainbow trout, kokanee salmon, Chinook salmon,
brown trout, bull trout, brook trout, lake trout, tiger trout;
• Gadidae: burbot;
• Gasterosteidae: brook stickleback;
• Cottidae: prickly sculpin, mottled sculpin, slimy sculpin,
shorthead sculpin, torrent sculpin;
• Centrarchidae: pumpkinseed, bluegill, green sunfish, smallmouth bass, white crappie, black crappie; and
• Percidae: yellow perch, walleye.

Three additional species have been extirpated from the Spokane
Sub-basin: Pacific lamprey, threespine stickleback and pygmy
whitefish. Pacific lamprey were eradicated by construction of Grand
Coulee Dam. Washington Department of Fish and Wildlife (WDFW)
records indicated that, when McCoy Lake on the Spokane Indian
Reservation (Stevens County) was rehabilitated by treatment with
rotenone in 1971, thousands of threespine stickleback were eradicated. McCoy Lake is located near the confluence of the Spokane
and Columbia Rivers (RKM 1,022.2). McCoy Lake drains by a
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groundwater pathway into En'te Creek, a tributary of the Spokane
River. To my knowledge this is the furthest upstream that threespine
stickleback have been reported in the Columbia Basin but the population now appears to be extinct as none have been recorded in any
recent survey of McCoy Lake or its tributaries (B. Crossley, Spokane
Tribe Department of Natural Resources, pers. comm.).
Pygmy whitefish, a state sensitive species, was documented to occur in Diamond Lake, Pend Oreille County at the head of the West
Branch of the Little Spokane River in 1894 (Snyder 1917). None were
observed the first time the lake was treated with rotenone by WDFW
in 1951 and none were observed during a fisheries survey conducted
in 1999 (Phillips and Divens 2000b). The reasons for this extinction
remain unclear. The most likely explanations are introduction of nonindigenous predators (e.g., largemouth bass) or hypolimnetic anoxia
caused by increased sewage seeping into the lake from septic systems
as increased numbers of cabins were built along the shoreline.
Pygmy whitefish were also documented to occur in Horsehoe
Lake, Pend Oreille County, one of a chain of lakes along the West
Branch of the Little Spokane River, in 1993 (Mongillo and Hallock
1995). However none were collected in subsequent surveys in 1997
(Hallock and Mongillo 1998) and 2004 (McLellan et al. 2005)
leading to the conclusion that they are now extinct. Hallock and
Mongillo (1998) speculated that introduction of non-indigenous
lake trout in the 1980s coupled with hypolimnetic anoxia were the
causative agents of this extinction.
Nine families and 35 species of fishes have been documented to
occur in the Spokane River Arm of Lake Roosevelt (Earnest et al.
1966; WWP 1973; Nielson 1974, 1975, 1976, 1977, 1978; Harper et al.
1981; Nigro et al. 1982; Beckman et al. 1985; Fletcher 1985, 1987; Peone
et al. 1990; Griffith and Scholz 1991; Griffith et al. 1992; Thatcher et
al. 1993, 1994; Underwood and Shields 1996a, 1996b; Underwood et
al. 1996; Scholz 1996, 1997; Cichosz et al. 1997; McLellan et al. 1988,
1989, 2001a, 2001b, 2005, 2006, 2007, 2008, 2009, 2010; Miller 2001;
McLellan and Scholz 2002, 2003, 2004; Blake et al. 2011)
A total of 34,586 individuals were collected in the Spokane Arm
(lower 45 km of the Spokane River) between 1962 and 2010 with
approximately 434.7 hours of electrofishing effort and 2,233 hours
of gill netting effort (Table 5.76). Total length ranges of each species are also recorded in Table 5.76. Species included (by relative
abundance):
• Acipenseridae: < 0.1% white sturgeon (n = 1);
• Cyprinidae: < 0.1% chiselmouth (n = 15), 0.9% carp (n = 325),
1.0% longnose dace (n = 1), < 0.1% speckled dace (n = 1),
0.1% redside shiner (n = 41), 0.1% tench (n = 18);
• Catostomidae: 0.6% longnose sucker (n = 216), 0.7% bridgelip
sucker (n = 246), 18.0% largescale sucker (n = 6,239), 1.0%
unidentified sucker (n = 352);
• Ictaluridae: < 0.1% yellow bullhead (n = 2), < 0.1% brown bullhead (n = 4), < 0.1% channel catfish (n = 1), < 0.1% unidentified bullhead (n = 4);
• Salmonidae: 0.8% lake whitefish (n = 270), 0.2% mountain whitefish (n = 67), < 0.1% cutthroat trout (n = 10), 3.3% rainbow trout
(n = 1,123), 17.5% kokanee salmon (n = 6,063), 0.3% Chinook
salmon (n = 86), 1.2% brown trout (n = 407), < 0.1% bull trout
(n = 13), 0.2% brook trout (n = 86), < 0.1% tiger trout (n = 2);
• Gadidae: 0.3% burbot (n = 94);
• Cottidae: 2.6% unidentified sculpin (n = 895) [Author’s note:
I have collected prickly, mottled, shorthead, and torrent
sculpin from the Spokane Arm of Lake Roosevelt];
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• Centrarchidae: < 0.1% pumpkinseed (n = 4), < 0.1% bluegill
(n = 1), 5.3% smallmouth bass (n = 1,845), 0.7% largemouth
bass (n = 233), < 0.1% white crappie (n = 2), 2.0% black crappie (n = 703); and
• Percidae: 14.3% yellow perch (n = 4,932), 26.5% walleye (n = 9,103).

Minnows were relatively abundant until walleye began to
dominate the catch. Walleye spawn in the Spokane River below
Little Falls Dam (McLellan 1998). McLellan et al. (1999, 2002) estimated the size of the walleye spawning population (± 95% CI) in
the Spokane Arm at 27,345 (1,535–57,509).
Seven families and 23 species of fishes have been recorded in
Little Falls Reservoir, RKM 45–54 of the Spokane River (Pfeiffer
1985; Peden 1987; Heaton 1993; Scholz 2004). A total of 8,725 individuals were collected there between 1985 and 2003 with approximately 21.8 hours of boat electrofishing effort and 420 hours of gill
net effort (Table 5.77). Size ranges of each species are also recorded
in Table 5.77. Species included (by relative abundance):
• Cyprinidae: 8.3% chiselmouth (n = 727), 1.9% carp (n = 167),
0.1% peamouth (n = 9), 22.5% northern pikeminnow
(n = 1,962), 1.4% speckled dace (n = 120), 11.5% redside shiner (n = 1,001), 0.1% tench (n = 9);
• Catostomidae: 5.6% longnose sucker (n = 489), 0.25 bridgelip
sucker (n = 15), 37.1% largescale sucker (n = 3,237), 0.1% unidentified sucker (n = 5);
• Ictaluridae: < 0.1% brown bullhead (n = 1);
• Salmonidae: < 0.1% mountain whitefish (n = 168), 1.0% rainbow trout (n = 90), 0.1% kokanee salmon (n = 11), 0.3%
Chinook salmon (n = 26), 2.7% brown trout (n = 239);
• Cottidae: 2.7% unidentified sculpin (n = 239), [Author’s note: I
have collected mottled sculpin and torrent sculpin in Little
Falls Reservoir];
• Centrarchidae: 0.1% pumpkinseed (n = 5), < 0.15 smallmouth
bass (n = 2), 0.6% largemouth bass (n = 49), 0.1% black
crappie (n = 13); and
• Percidae: 1.7% yellow perch (n = 147).

Little Falls Reservoir does not contain as many nonindigenous
predators as the other mainstem Spokane reservoirs, so consequently the abundance of forage fishes (mostly minnows and suckers) is much greater.
Heaton (1992) conducted Schnabel mark-recapture estimates
for several species in Little Falls Reservoir. He estimated the populations (95% confidence intervals) of:
• chiselmouth [n = 36,287 (17,639–90,719)];
• northern pikeminnow [n = 155,642 (90,733–293,239)];
• redside shiner [n = 83,520 (62,640–88,404)];
• longnose sucker [n = 10,431 (9,821–13,038)];
• largescale sucker [n = 54,076 (46,576–57,854)];
• mountain whitefish [n = 2,056 (1,795–2,148)];
• rainbow trout [n = 741 (477–793)]; and
• brown trout [n = 539 (485–559)].
Eight families and at least 27 species have been documented
to occur in Long Lake Reservoir (Schultz and DeLacy 1935 / 1936;
Earnest 1973; Foster 1977; Fletcher 1981; Peck 1982; Pfeiffer 1985;
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white sturgeon
chiselmouth
carp
peamouth
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
yellow bullhead
brown bullhead
channel catfish
unidentified bullhead
lake whitefish
mountain whitefish
cutthroat trout
rainbow trout
kokanee salmon
Chinook salmon
brown trout
bull trout
brook trout
tiger trout
burbot
unidentified sculpin
pumpkinseed
bluegill
smallmouth bass
largemouth bass
white crappie
black crappie
yellow perch
walleye
519

199

GN (NR)
0
0
0
18
54
0
0
0
0
18
0
0
0
0
0
0
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
69
36

GN (NR)
0
0
1
238
172
0
0
0
0
0
0
0
83
0
0
0
0
1
2
0
3
1
0
0
1
0
0
0
1
0
0
0
0
0
0
16
0
31

GN (NR)
0
0
0
P
P
P
0
P
0
P
P
P
P
0
0
0
0
P
P
0
18
1
0
0
0
0
0
0
0
0
0
0
0
0
0
P
P

1979/80
3

1,339

1981
4
EF (NR)
GN(NR)
0
0
0
P
P
P
0
0
0
0
0
P
P
0
0
0
0
P
0
0
2
0
0
0
0
0
0
P
P
0
0
P
P
0
P
P
1,325
1,355

1980/83
5
EF (NR)
GN (792)
0
2
13
41
187
0
0
0
0
50
0
225
0
0
0
0
0
30
0
0
1
1
0
0
0
0
0
0
P
0
0
10
0
0
P
30
763
1,099

1988
6
EF (4.5)
GN (75)
0
2
6
20
33
0
0
0
0
3
21
87
45
0
0
0
0
7
0
0
40
149
9
27
0
0
0
3
P
3
0
14
38
0
70
278
243
2,269

1989
6
EF (4.3)
GN (78)
0
0
20
0
61
0
0
0
1
2
49
254
147
0
0
0
0
53
1
0
71
42
1
16
0
1
0
2
59
0
0
25
46
0
35
946
437
1,612

1990
7
EF (12.7)
GN (683)
0
0
3
0
27
0
0
0
0
15
5
308
0
0
0
0
0
1
6
0
48
43
1
13
0
0
0
2
53
0
0
73
22
2
1
531
458
1,327

1991
8
EF (3.6)
GN (46)
0
0
6
0
20
0
0
0
0
0
0
145
0
0
0
0
0
0
0
0
16
5
0
5
0
0
0
1
9
0
0
59
3
0
0
835
223
1,657

1992
9
EF (18.1)
GN (41)
0
0
6
0
25
0
0
0
0
0
0
283
0
0
0
0
0
15
6
0
32
6
1
0
0
0
0
0
9
0
0
61
3
0
1
839
370

248

1993
10
EF (18.1)
GN (84)
0
0
5
0
3
0
0
0
0
0
0
38
0
0
0
0
0
9
0
0
37
22
1
13
0
0
0
0
13
0
0
86
0
0
0
9
12

1,615

1994
11
EF (13.9)
GN (177)
0
0
14
0
4
0
0
0
0
0
1
208
0
0
0
0
0
9
0
0
62
60
1
17
0
0
0
2
635
0
0
59
0
0
0
320
223

Table 5.76 continued on next page

References: ¹ Earnest et al. (1966); ² WWD (1973); ³ Harper et al. (1981); ⁴ Nigro et al. (1982); ⁵ Beckman et al. (1985); ⁶ Peone et al (1990); ⁷ Griffith and Scholz (1991); ⁸ Thatche et al. (1993); ⁹ Thatche et al. (1994);
¹⁰ Underwood and Shields (1996a); ¹¹ Underwood et al. (1996).

Total

Percidae

Gadidae
Cottidae
Centrarchidae

Salmonidae

Ictaluridae

Catostomidae

Acipenseridae
Cyprinidae

1973
2

1962/63
1

Fish collected in the Spokane Arm of Lake Franklin D. Roosevelt (RKM 0–45 of the Spokane River) 1962-2010, Lincoln and Stevens counties, Washington. GN = gill net (divide
total hours by 12 to determine number of sets); EF = electrofishing; P = species were present; NR = not recorded. Data arranged from left to right by year of catch. Relative abundance (RA) of each species captured based on total number caught. Total length (TL) ranges (in mm) of each species captured is also provided. (Page 1 of 3.)

Year Sampled
Reference
Method (effort hours)
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white sturgeon
chiselmouth
carp
peamouth
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
yellow bullhead
brown bullhead
channel catfish
unidentified bullhead
lake whitefish
mountain whitefish
cutthroat trout
rainbow trout
kokanee salmon
Chinook salmon
brown trout
bull trout
brook trout
tiger trout
burbot
unidentified sculpin
pumpkinseed
bluegill
smallmouth bass
largemouth bass
white crappie
black crappie
yellow perch
walleye
1,191

1995
12
EF (42.2)
GN (177)
0
0
11
0
10
0
0
4
0
2
36
48
0
0
1
0
0
80
2
0
49
473
2
40
1
2
0
2
10
0
0
78
0
0
1
75
264
1,662

1
1
11
1
13
0
1
1
0
0
2
531
0
0
0
0
0
0
4
1
34
687
4
34
1
2
0
2
2
1
1
70
2
0
2
30
223

1995
13
EF (25.5)

786

1996
14
EF (3.2)
GN (44)
0
0
5
0
1
0
0
0
0
60
0
387
0
0
0
0
0
35
4
0
19
29
0
37
0
20
0
10
0
0
0
22
0
0
0
11
146
1,064

0
0
11
0
29
0
0
0
2
1
2
73
39
0
0
0
0
10
0
0
20
440
5
43
0
3
0
8
10
0
0
16
1
0
4
2
345

1996
15
EF (26.3)

3,338

0
6
60
3
84
0
0
3
2
0
99
1,229
29
1
3
1
0
17
18
0
69
63
13
66
0
3
0
13
31
0
0
194
31
0
161
43
1,096

1997
16
EF (49.5)

4,957

0
0
78
1
50
0
0
0
4
39
16
1,584
9
0
0
0
0
2
22
0
139
217
9
92
0
41
0
15
10
0
0
317
16
0
40
106
2,150

1998
17
EF (83.8)

342

0
0
2
0
0
0
0
0
0
0
0
10
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
63
0
0
6
225
34

1998
18
EF (30.3)

1,494

0
0
7
7
7
0
0
3
2
7
1
352
0
0
0
0
0
0
0
4
103
142
10
0
0
0
0
1
8
0
0
84
38
0
203
137
378

1999
19
EF (26.2)

932

0
1
10
0
28
0
0
27
2
13
0
262
0
1
0
0
0
1
0
5
55
69
3
0
1
0
0
3
8
0
0
74
4
0
17
52
296

2000
20
EF (14.1)

589

0
0
4
0
3
0
0
0
0
0
0
43
0
0
0
0
0
0
0
0
25
112
1
0
1
0
0
1
17
0
0
164
9
0
110
83
16

2001
21
EF (10.1)

345

0
1
2
0
7
0
0
3
0
1
4
45
0
0
0
0
0
0
0
0
10
34
3
0
0
0
0
2
14
0
0
63
8
0
32
99
17

2002
22
EF (5.5)

286

0
0
5
0
0
0
0
0
0
0
0
3
0
0
0
0
0
0
0
0
17
207
1
0
1
0
0
16
1
0
0
7
1
0
3
4
20

2003
23
EF (3.2)

Table 5.76 continued on next page

References: ¹² Underwood et al. (1996b); ¹³ Scholz (1996); ¹⁴ Cichosz et al. (1997); ¹⁵ Scholz (1997); ¹⁶ McLellan et al. (1998); ¹⁷ McLellan et al. (1999); ¹⁸ Miller (2001); ¹⁹ McLellan et al. (2001a); ²⁰ McLellan et al.
(2001b); ²¹ McLellan and Scholz (20020; ²² McLellan and Scholz (2003); ²³ McLellan and Scholz (2004);

Total

Percidae

Gadidae
Cottidae
Centrarchidae

Salmonidae

Ictaluridae

Catostomidae

Acipenseridae
Cyprinidae

Year Sampled
Reference
Method (effort hours)

Table 5.76 continued Fish collected in the Spokane Arm of Lake Franklin D. Roosevelt (RKM 0–45 of the Spokane River) 1962–2010, Lincoln and Stevens counties. (Page 2 of 3.)
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white sturgeon
chiselmouth
carp
peamouth
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
yellow bullhead
brown bullhead
channel catfish
unidentified bullhead
lake whitefish
mountain whitefish
cutthroat trout
rainbow trout
kokanee salmon
Chinook salmon
brown trout
bull trout
brook trout
tiger trout
burbot
unidentified sculpin
pumpkinseed
bluegill
smallmouth bass
largemouth bass
white crappie
black crappie
yellow perch
walleye
327

0
0
3
0
0
0
0
0
1
1
3
24
0
0
0
0
0
0
0
0
48
124
9
0
0
1
0
0
1
0
0
34
1
0
7
66
4

2004
24
EF (5.3)

215

0
0
5
0
0
0
0
0
0
0
4
25
0
0
0
0
0
0
0
0
27
62
2
3
0
0
0
0
2
0
0
38
2
0
5
24
16

2005
25
EF (6.4)

171

0
0
9
0
0
0
0
0
3
2
0
13
0
0
0
0
0
0
0
0
33
9
3
0
0
1
0
1
1
0
0
45
5
0
2
23
21

2006
26
EF (5.1)

1,337

0
0
2
0
0
0
0
0
1
1
0
16
0
0
0
0
0
0
2
0
30
1,117
0
0
5
1
0
7
1
0
0
63
1
0
1
63
26

2007
27
EF (8.5)

152

0
1
6
0
0
0
0
0
0
0
3
17
0
0
0
0
0
0
0
0
30
33
2
0
2
3
0
0
0
0
0
38
1
0
2
3
11

2008
28
EF (6.9)

161

0
0
0
0
0
0
0
0
0
1
0
2
0
0
0
0
0
0
0
0
27
48
0
0
0
4
1
1
0
0
0
58
0
0
0
13
6

2009
29
EF (4.3)

1,947

0
1
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
58
1,840
6
1
0
4
1
0
0
0
0
30
1
0
0
0
4

2010
30
EF (10.4)

100.0%

< 0.1%
< 0.1%
0.9%
1.0%
2.4%
< 0.1%
< 0.1%
0.1%
0.1%
0.6%
0.7%
18.0%
1.0%
< 0.1%
< 0.1%
< 0.1%
< 0.1%
0.8%
0.2%
< 0.1%
3.3%
17.5%
0.3%
1.2%
< 0.1%
0.2%
< 0.1%
0.3%
2.6%
< 0.1%
< 0.1%
5.4%
0.4%
< 0.1%
2.0%
14.3%
26.6%

1
15
305
331
820
2
1
42
18
217
247
6,215
354
2
4
1
4
272
68
10
1,123
6,036
87
407
13
86
2
95
898
4
1
1,846
134
2
705
4,934
9,164
34,466

RA (%)

Total
1040
45-300
58-850
40-178
46-595
NR
NR
41-140
233-585
110-523
77-532
58-680
75-550
180-180
NR
511
NR
169-632
77-386
225-400
64-615
132-610
115-777
214-550
342-510
185-504
291-412
304-601
31-124
NR
NR
25-475
54-425
NR
29-324
9-375
42-860

Size range
(mm)

References: ²⁴ McLellan et al. (2005); ²⁵ McLellan et al. (2006); ²⁶ McLellan et al. (2007); ²⁷ McLellan et al. (2008); ²⁸ McLellan et al. (2009); ²⁹ McLellan et al. (2010); ³⁰ Blake et al. (2011).

Total

Percidae

Gadidae
Cottidae
Centrarchidae

Salmonidae

Ictaluridae

Catostomidae

Acipenseridae
Cyprinidae

Year Sampled
Reference
Method (effort hours)

Table 5.76 concluded Fish collected in the Spokane Arm of Lake Franklin D. Roosevelt (RKM 0–45 of the Spokane River) 1962-2010, Lincoln and Stevens counties. (Page 3 of 3.)
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Table 5.77

Fishes collected in Little Falls Reservoir (RKM 45–54 of Spokane River), Lincoln and Stevens counties, Washington. GN = gill
net; EF = electrofishing; NR = not recorded. Data are arranged from left to right by year of catch. Relative abundance (RA) is
based on percentage of total number caught. Total length (TL) ranges of each species captured are also provided.

Year Sampled
Reference
Method (effort hours)
Cyprinidae

Catostomidae

Ictaluridae
Salmonidae

Cottidae

Centrarchidae

Percidae

1985
1

chiselmouth
carp
peamouth
northern pikeminnow
speckled dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
brown bullhead
mountain whitefish
rainbow trout
kokanee salmon
Chinook salmon
brown trout
mottled sculpin
torrent sculpin
unidentified sculpin
pumpkinseed
smallmouth bass
largemouth bass
black crappie
yellow perch

Total

1986
2
EF (NR)

GN (24)
0
1
0
11
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
2
0
0

23
0
0
47
0
0
0
0
0
0
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1992-93
3
EF (18.3)
GN (396)
684
162
9
1,748
120
954
7
488
14
3,148
0
0
168
90
11
26
233
P
P
239
5
0
47
10
143

15

74

8,308

2003
4
EF (3.5)

Total

RA (%)

TL range
(mm)

20
4
0
156
0
47
2
1
1
89
0
1
0
0
0
0
0
0
0
0
0
2
0
3
4

727
167
9
1,962
120
1,001
9
489
15
3,237
5
1
168
90
11
26
233
1
1
239
5
2
49
13
147

8.3%
1.9%
0.1%
22.5%
1.4%
11.5%
0.1%
5.6%
0.2%
37.1%
0.1%
< 0.1%
1.9%
1.0%
0.1%
0.3%
2.7%
< 0.1%
< 0.1%
2.7%
0.1%
< 0.1%
0.6%
0.1%
1.7%

40-187
41-743
98-181
21-637
41-113
43-183
115-409
61-421
178-435
57-601
NR
141
97-352
48-421
126-178
231-821
78-584
NR
NR
43-161
63-107
83-107
81-505
47-264
40-276

330

8,727

100.0%

References: ¹ Pfeiffer (1985); ² Peden (1987); ³ Heaton (1993); ⁴ Scholz (2004).

Bennett and Hatch 1991; Hatch 1991; Smith 1992; Johnson 1994a,
1995b; Osborne et al. 2003). A total of 16,175 individuals were
collected in Long Lake (Spokane RKM 54–93) between 1932 and
2001 with approximately 139 hours of electrofishing effort, 1,488
hours of gill netting effort, and 624 hours of fyke netting effort
(Table 5.78). Total length ranges of each species captured also recorded in Table 5.78. Species included (by relative abundance):
• Cyprinidae: 2.4% chiselmouth (n = 391), 0.8% carp (n = 136),
< 0.1% peamouth (n = 3), 17.8% northern pikeminnow
(n = 2,878), < 0.1% speckled dace (n = P), < 0.1% redside
shiner (n = 12), 1.3% tench (n = 206);
• Catostomidae: 0.9% longnose sucker (n = 153), 0.6% bridgelip
sucker (n = 93), 20.8% largescale sucker (n = 3,357); 1.0%
unidentified sucker (n = 166);
• Ictaluridae: 2.8% yellow bullhead (n = 453), 0.8% brown bullhead (n = 136), < 0.1% channel catfish;
• Esocidae: < 0.1% northern pike (n = 1);
• Salmonidae: 1.1% mountain whitefish (n = 175), < 0.1% rainbow trout
(n = 4), < 0.1% kokanee salmon (n = 2); 0.1% brown trout (n = 20);
• Cottidae: < 0.1% unidentified sculpin (n = 4);
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• Centrarchidae: 0.5% pumpkinseed (n = 76), 4.2% smallmouth
bass (n = 680), 9.1% largemouth bass (n = 1,475), 2.1% white
crappie (n = 347), 14.5% black crappie (n = 2,352); and
• Percidae: 18.9% yellow perch (n = 3,050), < 0.1% walleye (n = 1).

All of the smallmouth bass were recovered in the most recent
survey (2001) by Osborne et al. (2003), following the introduction
of smallmouth bass into Long Lake Reservoir by WDFW in the
mid-1990s. The only walleye recovered was also taken in the most
recent survey and was probably the result of an illegal introduction.
Eight Families and at least 20 species occur in Nine Mile Reservoir
(Pfeiffer 1985; Kliest 1987; Smith 1992; Smith and Johnson 1992;
McLellan 2003). A total of 1,915 individuals were collected in Nine
Mile Reservoir between 1985 and 2002 by electrofishing, gill netting,
and fyke netting (Table 5.79). Species included (by relative abundance):
• Cyprinidae: < 0.1% chiselmouth (n = 1); 10.9% northern pikeminnow (n = 208), 0.2% longnose dace (n = 4), 6.7% redside shiner (n = 128), 0.1% tench (n = 2);
• Catostomidae: 15.9% longnose sucker (n = 304), 34.6% bridgelip sucker (n = 663), 17.5% largescale sucker (n = 335);
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chiselmouth
carp
peamouth
northern pikeminnow
speckled dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
yellow bullhead
brown bullhead
channel catfish
northern pike
mountain whitefish
rainbow trout
kokanee salmon
brown trout
unidentified sculpin
pumpkinseed
smallmouth bass
largemouth bass
white crappie
black crappie
yellow perch
walleye

0
0
0
0
P
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

0
P
0
3
0
0
0
0
0
0
6
0
0
0
0
0
0
0
0
0
0
0
7
0
0
27
0
44

1971
2
FN (24)

0
5
0
0
0
0
0
0
0
0
52
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
58

1977
3
FKI

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
7
0
0
0
0
7

1979
4
NR

0
0
0
45
0
0
0
0
0
0
7
10
1
0
0
1
0
0
0
0
1
0
11
0
20
57
0
153

1981
4,5
EF (0.8)
GN (24)
0
0
0
286
0
0
0
0
0
0
54
0
2
0
0
2
0
0
0
0
0
0
61
0
3
113
0
521

GN (72)

1985
6

1988/89
7,8
EF (15)
GN (768)
PN (132)
274
39
0
1,777
0
12
14
87
49
1,559
0
332
27
0
0
71
0
2
1
0
62
0
1,105
340
2,028
1,496
0
9,275
20
0
0
23
0
0
0
33
0
0
0
0
0
0
0
0
0
0
0
0
0
0
139
0
23
2
0
240

1991
9
NR

0
0
0
24
0
0
0
0
0
13
0
2
0
0
0
27
0
0
3
0
0
0
15
7
0
29
0
120

1994
10
EF (NR)

2001
11
EF (123)
GN (672)
FN (624)
97
92
3
720
0
0
192
33
44
1,785
47
109
105
1
1
74
4
0
16
4
13
680
130
0
278
1,326
1
5,755
391
137
3
2,878
1
12
206
153
93
3,357
166
453
136
1
1
175
4
2
20
4
76
680
1,475
347
2,352
3,050
1
16,174

Total

RA (%)

2.4%
0.8%
< 0.1%
17.8%
< 0.1%
0.1%
1.3%
0.9%
0.6%
20.8%
1.0%
2.8%
0.8%
< 0.1%
< 0.1%
1.1%
< 0.1%
< 0.1%
0.1%
< 0.1%
0.5%
4.2%
9.1%
2.1%
14.5%
18.9%
< 0.1%
100.0%

References: ¹ Schultz and DeLacy (1935/1936); ² Earnest (1971); ³ Foster (1977); ⁴ Fletcher (1981); ⁵ Peck (1981); ⁶ Pfeiffer (1985); ⁷ Bennett and Hatch (1991); ⁸ Hatch (1992); ⁹ Smith (1992);
¹⁰ Johnson (1994a, 1994b); ¹¹ Osbourne et al. (2003).

Total

Percidae

Cottidae
Centrarchidae

Esocidae
Salmonidae

Ictaluridae

Catostomidae

Cyprinidae

1932
1
BS (NR)

129-300
77-975
145-186
54-615
NR
NR
398-518
123-287
86-502
72-570
95-548
110-318
131-338
725
600
80-355
112-310
NR
90-584
78-91
53-160
63-505
40-550
20-300
20-325
50-347
462

TL range
(mm)

Fish collected in Long Lake Reservoir (RKM 54–93 of Spokane River), Stevens and Spokane counties Washington. EF = electrofishing; GN = gillnetting; FN = fyke net ; PN = pop
net; BS = beach seine; FKI = fish kill investigation; NR = not recorded; P = present. Data are arranged from left to right by year of catch. Relative abundance (RA) is based on
percentage of total number caught. Total length (TL) ranges of each species captured is also provided.

Year Sampled
Reference
Method (effort hours)

Table 5.78

Columbia River Basin Hydrology and Fish Distribution in Eastern Washington

451

452

Fishes of Eastern Washington: A Natural History

chiselmouth
northern pikeminnow
longnose dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
brown bullhead
northern pike
mountain whitefish
rainbow trout
kokanee salmon
Chinook salmon
brown trout
unidentified scuplin
pumpkinseed
largemouth bass
black crappie
yellow perch
28

0
14
0
0
0
0
0
14
0
0
0
0
0
0
0
0
0
0
0
0
83

1
8
4
3
0
0
56
0
0
0
0
3
0
8
0
0
0
0
0
0

1987
2
EF (6)
GN (5)

References: ¹ Pfeiffer (1985); ² Kliest(1987); ³ Smith (1992); ⁴ Smith and Johnson (1992); ⁵ McLellan (2003).

* 3 of the 24 sculpins were identified and all keyed to torrent sculpin.

Total

Percidae

Cottidae
Centrarchidae

Ictaluridae
Esocidae
Salmonidae

Catostomidae

Cyprinidae

1985
1
GN (24)

556

1991
3
EF (NR)
GN (NR)
FN (NR)
0
7
0
0
0
304
135
0
0
0
85
22
1
0
2
0
0
0
0
0
12

1992
4
EF (NR)
GN (NR)
FN (NR)
P
P
P
P
0
0
P
P
P
P
P
P
0
P
P
0
0
0
0
0
1248

2002
5
EF (3)
GN (NR)
FN (NR)
0
179
0
125
2
0
472
321
1
0
12
106
0
1
5
24*
9
9
2
4
2132

2
209
5
129
2
304
664
336
2
2
98
312
1
10
8
24
9
9
2
4

Total

100.0%

0.1%
9.8%
0.2%
6.1%
0.1%
14.3%
31.1%
15.8%
0.1%
0.1%
4.6%
14.6%
0.0%
0.5%
0.4%
1.1%
0.4%
0.4%
0.1%
0.2%

RA (%)

NR
54-588
NR
47-132
134-365
NR
72-449
75-590
287
113-409
83-493
NR
135-368
222-483
71-119
62-117
137-366
132-153
100-115
NR

Size range
(mm)

Fishes collected in Nine Mile Reservoir (RKM 93–102 of Spokane River), Spokane County, Washington. EF = electrofishing; GN = gillnetting; FN = fyke netting;
NR = not recorded, P = present. Data are arranged from left to right by year of catch. Relative abundance (RA) is based on total numbers of fish caught. Total length (TL)
range (in mm) of each species captured is also provided.

Year Sampled
Reference
Method (effort hours)

Table 5.79
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• Ictaluridae: < 0.1% brown bullhead (n = 1);
• Esocidae: < 0.1% northern pike (n = P);
• Salmonidae: 5.1% mountain whitefish (n = 97), 6.8% rainbow trout (n = 131), < 0.1% kokanee salmon (n = 1), 0.5%
Chinook salmon (n = 9), 0.4% brown trout (n = 7);
• Cottidae: 1.2% unidentified sculpin (n = 24). McLellan (2003)
noted that three of the 24 sculpin he collected were identified and that all of them keyed to torrent sculpin.
• Centrarchidae: 0.5% pumpkinseed (n = 9), 0.5% largemouth
bass (n = 9), 0.1% black crappie (n = 2); and
• Percidae: 0.2% yellow perch (n = 4).

Seven families and at least 17 species occur in the free flowing segment of the Spokane River between the head of Nine Mile
Reservoir and Monroe Street Dam (Anderson 1972; Peden 1987;
Kliest 1987; Smith 1992; Peck 1992; Johnson 1993; Maret 1999;
McLellan 2003, 2004; McLellan and Lee 2001). A total of 4,188 individuals were collected by angling and electrofishing (Table 5.80).
Species included (by relative abundance):

the receiver on Nine Mile Dam and then not detected for the duration of the study and was presumed to have entrained through
Nine Mile Dam into Long Lake. None of the fish were detected in
Latah Creek, suggesting that Latah Creek is unimportant in fluvial
migrations of these fish and that the majority of them have a resident life history in the free flowing reach.
Six families and 16 species occur in the Spokane River between
Monroe Street and Upriver dams (Spokane RKM 119–127.7) (Smith
1883; Bean 1892, 1895; Peden 1987, 1999; E. Johnson 1992; A. Johnson
1994; Marat and Dutton 1999; O’Connor and McLellan 2008a). A
total of 1,310 fish were collected by electrofishing, gillnetting, and
beach seining (Table 5.81). Species included (by relative abundance):
• Cyprinidae: < 0.1% chiselmouth (n = 1), 10.25 northern pikeminnow (n = 134), <0.1% longnose dace (n = 10), 0.3% redside shiner (n = 4);
• Catostomidae: < 0.1% bridgelip sucker (n = 65), 17.9% largescale sucker (n = 234), < 0.1% unidentified sucker (n = 1);
• Esocidae: 0.2% northern pike (n = 2);
• Salmonidae: 55.2% mountain whitefish (n = 723), 0.5% cutthroat trout (n = 6), 7.9% rainbow trout (n = 104), 0.2%
brown trout (n = 3);

• Acipenseridae: < 0.1% white sturgeon (n = 1);
• Cyprinidae: 0.1% chiselmouth (n = 6), 6.0% northern pikeminnow (n = 40), 0.1% longnose dace (n = 5), < 0.1% speckled dace (n = 120), 0.8% redside shiner (n = 32);

• Cottidae: 0.2% mottled sculpin (n = 2), 0.4% torrent sculpin
(n = 4), 1.1% unidentified sculpin (n = 15); and
• Centrarchidae: 0.8% smallmouth bass (n = 10).

• Catostomidae: 2.2% longnose sucker (n = 93), 12.3% bridgelip
sucker (n = 513), 2.8% largescale sucker (n = 116), 25.3% unidentified sucker (n = 1,059);
• Salmonidae: 14.6% mountain whitefish (n = 610), 0.1% cutthroat trout (n = 4), 39.3% rainbow trout (n = 1,645), < 0.1%
Chinook salmon (n = 2), 1.0% brown trout (n = 42);
• Centrarchidae: 0.1% smallmouth bass (n = 8), 0.2% black crappie (n = 4); and
• Percidae: < 0.1% yellow perch (n = 2).

Peden (1987) reported that he had collected Umatilla dace, in addition to speckled dace, in this segment of the Spokane River. However,
to date (2011) only speckled dace have been entered into the Royal
British Columbia Museum (RBCM) online database catalogue of specimens, so I have not included Umatilla dace as present in this segment.
The native rainbow trout in this free flowing segment of the
Spokane River have been genetically tested and were identified as
native Columbia Basin interior redband trout (Small et al. 2007).
In the study by McLellan and Lee (2011), that captured 831 rainbow
trout, 828 of them were identified as redband trout and 3 of them
were identified as hatchery rainbow trout. McLellan and Lee (2011)
also made a population estimate, using mark-recapture techniques
(Capture Program) and estimated the population between the
T. J. Meenach Bridge (RKM 112.7) and Peaceful Valley (RKM 117.9)
at 1,337 (1,124–1,646) redband trout ≥ 250 mm TL in 2010.
Parametrix (2004) tracked 42 wild rainbow (redband) trout in
the free flowing segment between the head of Nine Mile Reservoir
and Monroe Street Dam in 2003 and 2004. Most fish remained
in this segment for the duration of the study, tending to move
upstream during the spawning season and downstream after the
spawning season, after which they remained stationary. Three of
the fish detected during both spawning seasons (in 2003 and 2004)
used the same location for spawning in each season and three
more fish spawned at locations up to one mile away during the
second season. Parametrix researchers placed stationary receivers
in Latah Creek and on Nine Mile Dam. One fish was detected at

Bean (1895) reported observing numerous mountain whitefish
from all the bridges in Spokane, Washington. Mountain whitefish
accounted for 94.2% of the relative abundance during electrofishing surveys conducted by Washington Water Power Company in
1992 that captured a total of 709 fish (Johnson 1992). However,
mountain whitefishes accounted for only 4.4% of the relative abundance during electrofishing surveys conducted by WDFW in 2007
that captured a total of 403 fish (O’Connor and McLellan 2008).
It is uncertain as to why mountain whitefish declined in relative
abundance between these surveys. Decreased river flow may have
contributed to this decline. Of the 36 rainbow trout captured in
2007 by O’Connor and McLellan (2011), 29 were unclipped native
redband trout and seven were identified as hatchery rainbow by
their missing adipose fins.
Eight families and at least 20 species occur in the Spokane River
between Upriver and Post Falls dams (Spokane RKM 127.7–162.7).
(Baily and Saltes 1982; Bennett and Underwood 1988; Underwood
and Bennett 1992; Peden 1987; Dupont and Fredricks 1992; A.
Johnson et al. 1994, 1995b, 1997; E. Johnson 1995, 1997; O’Connor
and McLellan 2008a, 2009; McLellan and King 2011). A total of
8,842 individual fish were collected by electrofishing and gill netting (Table 5.82). Species included (by relative abundance):

A. T. Scholz

• Cyprinidae: 0.6% northern pikeminnow (n = 54), 3.6% longnose dace (n = 314), 0.4% redside shiner (n = 39);
• Catostomidae: 1.4% longnose sucker (n = 125), 0.5% largescale
sucker (n = 41), 5.5% unidentified sucker (n = 490);
• Ictaluridae: < 0.1% brown bullhead (n = 1), < 0.1% unidentified
bullhead (n = 1);
• Esocidae: < 0.1% northern pike (n = 2);
• Salmonidae: 1.1% cutthroat trout (n = 98), 73.9% rainbow trout
(n = 6,540), < 0.1% kokanee salmon (n = 6); 0.1% Chinook
salmon (n = 8) 3.0% brown trout (n = 268), < 0.1% bull trout
(n = 1), 7.2% brook trout (n = 8);
453

454
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27

36

1986*
0
NR
0
1
1
P
P
20
0
0
0
12
0
0
0
0
0
0
0
0
0
60

1987
3
HL (66)
0
0
10
0
0
2
0
0
0
0
0
1
37
0
10
0
0
0
0
206

1991
4
EF (NR)
0
4
9
0
0
3
93
56
0
0
34
0
1
0
0
0
0
4
2
1463

1992
5
EF (NR)
1
0
2
0
0
0
0
0
0
1059
350
0
46
1
4
0
0
0
0
105

1998
6
EF (NR)
0
0
1
0
0
2
0
65
30
0
2
0
5
0
0
0
0
0
0
239

2002
7
EF (1)
0
0
1
2
0
2
0
155
23
0
28
0
28
0
0
0
0
0
0
660

2003
8
EF (2.7)
0
1
6
3
0
3
0
296
63
0
196
1
88
0
1
2
0
0
0
860

2010†
9
EF (NR)
0
0
0
0
0
0
0
0
0
0
0
2
831
0
19
0
8
0
0

100.0%

<0.1%
0.2%
1.1%
0.2%
<0.1%
0.9%
2.5%
15.6%
3.2%
29.3%
16.7%
0.1%
28.6%
<0.1%
1.1%
0.1%
0.2%
0.1%
0.1%

1
6
40
6
1
32
93
572
116
1071
610
4
1045
1
42
2
8
4
2
3656

RA (%)

Total

NR
NR
142-585
63-90
NR
88-112
NR
87-462
97-562
NR
221-426
340-352
135-438
NR
236-381
NR
NR
NR
NR

TL range
(mm)

References: ¹ Anderson (1972); ² Peden (1987); ³ Kliest (1987); ⁴ Smith (1992); ⁵ Peck (1992); Johnson (1993); ⁶ Maret (1999); ⁷ McLellan (2003); ⁸ McLellan (2004); ⁹ McLellan and Lee (2011).

not included them.

† Peden also reported collecting Umatilla dace on his scientific collectors permit. However, none of them were entered into the Royal British Columbia Museum’s (RBCM) database under that title, so I have

* targeted redband trout (collected a total of 828 redband and 3 hatchery rainbow trout)

Total

Percidae

Cottidae
Centrarchidae

Salmonidae

Catostomidae

white sturgeon
chiselmouth
northern pikeminnow
longnose dace
speckled dace
redside shiner
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
mountain whitefish
cutthroat trout
rainbow trout
Chinook salmon
brown trout
unidentified sculpin
smallmouth bass
black crappie
yellow perch

1972
1
HL (NR)
0
0
10
0
0
0
0
0
0
0
0
0
9
0
8
0
0
0
0

Fishes collected in the free flowing section of the Spokane River between the head of Nine Mile Reservoir and Monroe Street Dam (RKM 102–119 of the Spokane River),
Spokane County, Washington. HL = hook and line (angling), EF = electrofishing, NR = not recorded, P = presence noted. Data are arranged from left to right by year of catch.
Relative abundance (RA) is based on total numbers of fish caught. Total length (TL) range (in mm) of each species captured is also provided.

Year Sampled
Reference
Method (effort hours)
Acipenseridae
Cyprinidae
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chiselmouth
northern pikeminnow
longnose dace
redside shiner
bridgelip sucker
largescale sucker
unidentified sucker
northern pike
mountain whitefish
cutthroat trout
rainbow trout
brown trout
mottled sculpin
torrent sculpin
unidentified sculpin
smallmouth bass
4

0
0
0
0
0
0
0
0
0
0
0
0
0
4
0
0
3

0
1
0
0
0
0
0
0
P
1
0
0
0
0
0
0

1892
2
BS

7

1
0
P
2
0
0
1
0
0
0
0
0
2
0
0
0

1986
3
NR

709

0
5
0
0
0
0
0
2
668
0
33
1
0
0
0
0

1992
4
EF (NR)

53

0
0
0
0
0
5
0
0
24
0
24
0
0
0
0
0

1994
5
EF (NR)

29

0
0
0
0
0
5
0
0
10
0
14
0
0
0
0
0

1996
6
EF (NR)

105

0
1
0
2
65
30
0
0
2
5
0
0
0
0
0
0

1998
7
NR

367

2007
8
EF (1.8)
GN (96)
0
128
0
0
0
194
0
0
18
0
36*
2
0
0
15
10

100.0%

0.1%
10.3%
<0.1%
0.3%
5.0%
17.8%
0.1%
0.2%
55.1%
0.5%
8.1%
0.2%
0.2%
0.3%
1.1%
0.8%

1
135
1
4
65
234
1
2
723
6
107
3
2
4
15
10
1,313

RA (%)

Total

References: ¹ Smith (1883); ² Bean (1892, 1895); ³ Peden (1987); ⁴ E. Johnson (1992); ⁵ A. Johnson (1994); ⁶ Maret and Dutton (1999); ⁷ Peden (1999); ⁸ O’Connor and McLellan (2008a).

* 29 were identified as redband trout (71-419) mm TL) and 7 were identified as hatchery fish (240-268 mm TL) because they were missing adipose fins.

Total

Centrarchidae

Cottidae

Esocidae
Salmonidae

Catostomidae

Cyprinidae

1982
1
BS

NR
155-498
NR
NR
NR
93-561
NR
NR
140-397
140-397
71-419
396-578
NR
NR
76-136
117-218

TL range
(mm)

Fishes collected in the Spokane River between Monroe Street Dam and Upriver Dam (RKM 119–127.7 of the Spokane River, Spokane County, Washington. BS = beach seine
EF = electrofishing, GN = gillnetting (divide total hours by 12 to determine number of sets), NR = not recorded, P = present. Data are arranged from left to right by year of catch.
Relative abundance (RA) is based on total number of fishes captured. Total length (TL) range (in mm) of each species captured is also provided.

Year Sampled
Reference
Method (effort hours)
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1,996

3,715

13
311
0
27
P
P
455
1
0
0
7
2,818
3
1
56
0
7
0
5
0
8
P

EF (NR)

2

1985/86

24

0
0
P
9
0
0
14
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

NR

3

1986

1,025

0
0
0
0
0
0
0
0
0
0
1
902
0
0
121
0
1
0
0
0
0
0

EF (NR)

4

1990

78

0
0
0
0
0
0
20
0
0
0
0
58
0
0
0
0
0
0
0
0
0
0

EF (NR)

5

1903/94/96

152

P
0
0
0
0
0
0
0
0
0
1
127
0
6
0
0
17
0
0
0
0
0

EF (NR)

6

1995/97

222

20
0
0
0
0
158
0
0
0
0
3
39
0
1
1
0
0
0
0
0
0
0

7

2003

879

0
0
0
0
0
0
0
0
0
0
73
546
0
1
69
0
0
0
0
190
0
0
451

EF (NR)

EF (25.1)

9

2008*†

GN (144)
41
0
0
1
0
40
0
0
0
2
6
333
0
0
22
1
0
P
0
4
0
0

8

2007*

515

0
0
0
0
0
0
0
0
0
0
0
515
0
0
0
0
0
0
0
0
0
0

EF (NR)

10

2009*

target smallmouth bass as well as redband trout.

9,056

75
311
1
37
125
199
489
1
1
2
95
6,579
6
9
269
1
638
1
6
194
8
9

Total

100.0%

0.8%
3.4%
<0.1%
0.4%
1.4%
2.2%
5.4%
0.0%
<0.1%
0.0%
1.0%
72.6%
0.1%
0.1%
3.0%
0.0%
7.0%
<0.1%
0.1%
2.1%
0.1%
0.1%

RA (%)

377-494
NR
NR
NR
NR
347-583
NR
NR
NR
NR
127-526
98-610
NR
225-290
104-522
726
111-590
NR
NR
NR
NR
NR

TL range
(mm)

References: ¹ Bailey and Saltes (1982); ² Bennett and Underwood (1988); Underwood and Bennett (1992); ³ Peden (1987); ⁴ Dupont and Fredricks (1992); ⁵ A. Johnson et al. (1994, 1995b, 1997); ⁶ E. Johnson
(1995a, 1997); ⁷ McLellan *2004); ⁸ O’Connor and McLellan (2008b); ⁹ O’Connor and McLellan (2008b); ¹⁰ McLellan and King (2011)

†

* Targeted salmonid fishes only, rainbow trout were identified vs Columbia Basin interior redband trout (Oncorhynchus mykiss gairdneri) by genetic analysis (Smith et al. 2007).

Total

Percidae

Cottidae
Centrarchidae

Esocidae
Salmonidae

Ictaluridae

Catostomidae

0
0
0
0
124
0
P
0
P
0
4
1,241
3
0
0
0
613
0
P
0
0
8

Cyprinidae

northern pikeminnow
longnose dace
speckled dace
redside shiner
longnose sucker
largescale sucker
unidentified sucker
brown bullhead
unidentified bullhead
northern pike
cutthroat trout
rainbow trout
kokanee salmon
Chinook salmon
brown trout
bull trout
brook trout
unidentified sculpin
pumpkinseed
smallmouth bass
largemouth bass
yellow perch

EF (NR)

1

Method (effort hours)

Reference

1980/81

Fishes collected in the Spokane River between Upriver and Post Falls dams (RKM 127.7–162.7 of the Spokane River), Spokane County, Washington and Kootenai County Idaho.
EF = electrofishing, GN = gillnetting, NR = not recorded, P = present. Data are arranged from left to right by year of catch. Relative abundance (RA) is based on total numbers of
fish caught. Total length (TL) range (in mm of each species captured is also provided.

Year Sampled

Table 5.82

Chapter 5

Columbia River Basin Hydrology and Fish Distribution in Eastern Washington
• Cottidae: < 0.1% pumpkinseed (n = 6), 2.2% smallmouth bass
(n = 194), 0.1% largemouth bass (n = 8); and
• Percidae: 0.1% yellow perch (n = 9).

A fish kill occurred on 8 August 1973 between the Trent railroad bridge and Sullivan road bridge (RKM 137–140) and was
investigated by WDFW (Nixon 1973), WDOE (Bernhardt and
DeNike 1973), and USFWS (Brackett 1973). The kill was attributed
to ammonium hydroxide released into the Spokane River by the
Hillyard Processing Company. Nixon (1973) was first on the scene
and observed several hundred dead trout (2008–559 mm TL) on
the afternoon of 8 August. On 9 August, Brackett (1973) sampled
57 dead rainbow trout (150–358 mm TL), one dead brook trout
(284 mm TL), and many dead dace. Bernhardt and DeNike (1973)
surveyed the Spokane River over a distance of 2.5 miles downstream from Hillyard Processing Plant and counted 1,136 rainbow
and brook trout carcasses (152–356 mm TL) and about 100,000
nongame fish carcasses (virtually all 50–75 mm dace).
Genetic analysis conducted on wild rainbow from the Upper
Spokane River between Upriver and Post Falls dams indicated that
they were interior Columbia Basin redband trout with limited hybridization by hatchery rainbow trout (Small et al. 2007).
In 1980, Bailey and Saltese (1982) estimated between 7,200 and
13,200 salmonids and roughly twice that number of suckers were
present in the free flowing Upper Spokane River between the head
of Upriver Reservoir and Post Falls Dam. Longnose dace abundance was estimated at approximately 46,000 individuals.
The rainbow trout population in Upper Spokane River was estimated at approximately 19,000 individuals ≥ 200 mm TL in 1990
using mark/recapture techniques (Davis and Horner 1991).
In 2007, 2008, and 2009, WDFW made estimates of rainbow
trout (≥ 200 mm TL) abundance over a 21 km segment of the
Upper Spokane River downstream of the Washington / Idaho state
line using mark/recapture techniques in conjunction with the
Capture Program. The population (± 95% CI) was estimated at
1,149 (859–1,600) in 2007 (O’Connor and McLellan 2008), 1,314
(1,137–1,545) in 2008 (O’Connor and McLellan 2009), and 1,464
(1,001–2,465) in 2009 (McLellan and King 2011). Factors potentially contributing to the decline in redband trout abundance, from
about 19,000 (in 1990) to fewer than 1,500 individuals (in 2009), in
the Upper Spokane River included:
1.

Dewatering redds between peak spawn and fry
emergence resulted in poor year classes (Bennett
and Underwood 1988; Underwood and Bennett 1992;
O’Connor and McLellan 2008).

2.

Establishment of smallmouth bass in the Upper Spokane
River occurred in about 2000 (O’Connor and McLellan
2008). In 2008, abundance of smallmouth bass (± 95%
CI) ≥ 200 mm TL was estimated at 1,270 (744–2,295) individuals (O’Connor and McLellan 2009). Smallmouth
bass are voracious predators of juvenile salmonid fishes
elsewhere in the Columbia Basin where they have been
introduced [e.g., Yakima River (Pearsons et al. 2004)
and Lake Roosevelt (Stroud et al. 2010a, 2010b)].

3.

Non-compliance with fishing regulation; and

4.

Heavy metal and PCB contamination.

Parametrix (2004) tracked 45 wild rainbow (redband) trout
(31 from spring 2003 to summer 2004, 14 from autumn 2003 to
Summer 2004) in the segment of the Spokane River between
Upriver and Post Falls dams. Most of the fish tagged and released
in both Washington and Idaho spawned in Washington. The fish
tagged in Washington tended to swim upstream to spawning sites
and those in Idaho tended to swim downstream to spawning sites
in a 10 km segment below the Washington/Idaho state line. Six
of the 31 fish released in the Spokane River swam downstream
into a thermal refuge when the temperature at Post Falls Dam
reached 17–25°C from late June to August. The fish swam downstream from the area below the state line (RKM 155) to the Sullivan
road bridge (RKM 135) where aquifer water flows into the Spokane
River and reduces the temperature of the river to 10–14°C. Six
transmitters were found on the bed or banks of the river, under
power poles or snag trees, and ten went undetected for the duration of the study, suggesting that they were either killed by predators or illegal fishing activities. Fish are supposed to be caught by
barbless hooks with no live bait and returned to the river. Both
Parametrix and WDFW biologists observed illegal acts of fishing
with barbed hooks and bait.
Seven families and 16 species have been documented to occur
in the Upper Spokane River between Post Falls Dam and the outlet
of Coeur d’Alene Lake (Funk et al. 1973; Goodnight and Mauser
1981; Falter and Mitchill 1982; WDOE 1995; Davis et al. 1996). A total of 563 individuals were collected by electrofishing and gill netting (Table 5.83), comprised of (by relative abundance):
• Cyprinidae: 6.0% northern pikeminnow (n = 34); 4.4% tench
(n = 25);

• Catostomidae: 9.6% longnose sucker (n = 54), 0.4% bridgelip
sucker (n = 2), 0.2% largescale sucker (n = 1;

• Ictaluridae: 0.2% black bullhead (n = 1), 20.3% brown bullhead
(n = 116);

• Esocidae: 0.4% northern pike (n = 2);
• Salmonidae: 1.1% cutthroat trout (n = 6), 0.2% rainbow trout

(n = 1), 0.2% kokanee salmon (n = 1), 0.4% Chinook salmon
(n = 2);

• Centrarchidae: 11.0% pumpkinseed (n = 62), 20.4% largemouth bass (n = 115), 3.6% black crappie (n = 10); and

• Percidae: 24.0% yellow perch (n = 135).
Small et al. (2005a, 2005b, 2007) described the population
genetic structure of rainbow trout in the Spokane River drainage using 14 microsatellite DNA loci. the data indicated the
Upper Spokane River (above upriver dam), the Middle Spokane
River (between Nine Mile and Monroe Street Dam), Latah Creek
(California and Marshall creeks), Deep and Coulee creeks, Little
Spokane River mainstem, Little Spokane tributaries (Deadman,
Little Deep, Dragoon, Deer, and Otter creeks) had genetically
distinctive populations of native Columbia River redband trout.
Tributaries within each drainage were genetically linked, “Such
that genetic structures followed geographic structure with collections from tributaries within the same drainage most closely related.” Introgression by coastal rainbow trout and cutthroat trout
appeared minimal in each of the collections. The rainbow trout
in Buck and Dartford creeks were genetically more similar to
Spokane hatchery fish, which are predominantly coastal steelhead.
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Table 5.83

Fishes collected in the Spokane River between Post Falls Dam and the outlet of Coeur d'Alene Lake (RKM 162.7–179 of the
Spokane River), Kootenai county, Idaho. EF = electrofishing, GN = gill netting, NR = not recorded, P = present. Data are
arranged from left to right by year of catch.

Year Sampled
Reference
Method (effort hours)
Cyprinidae
Catostomidae

Ictaluridae
Esocidae
Salmonidae

Centrarchidae

Percidae

1972
1
FN (NR)

1980
2
EF (NR)

1980
3
EF (NR)

P
0
0
0
0
P
0
0
0
0
0
0
0
0
0
P

0
0
0
P
0
0
0
0
5
0
0
0
0
0
0
0

3

6

northern pikeminnow
tench
longnose sucker
bridgelip sucker
largescale sucker
black bullhead
brown bullhead
northern pike
cutthroat trout
rainbow trout
kokanee salmon
Chinook salmon
pumpkinseed
largemouth bass
black crappie
yellow perch

Total

1993
5
EF (NR)

P
P
0
P
0
0
P
0
P
P
P
0
P
P
P
P

1992
4
EF (NR)
GN (NR)
32
24
54
0
0
0
115
2
0
0
0
2
61
114
9
133

11

546

Total

RA (%)

TL range
(mm)

0
0
0
0
P
0
0
0
0
0
0
0
0
0
0
0

34
25
54
2
1
1
116
2
6
1
1
2
62
115
10
135

6.0%
4.4%
9.5%
0.4%
0.2%
0.2%
20.5%
0.4%
1.1%
0.2%
0.2%
0.4%
10.9%
20.3%
1.8%
23.8%

170-410
290-470
110-400
NR
NR
NR
60-250
440-560
275-450
NR
NR
130-140
70-170
30-420
110-210
50-250

1

567

100.0%

References: ¹ Funk et al. (1973); ² Goodnight and Mauser (1981); ³ Falter and Mitchill (1982); ⁴ Davis et al. (1995); ⁵ WDOE (1995).

Tributaries of the Spokane River arm of
Lake Roosevelt
En'te Creek
En'te Creek arises on the Spokane Indian Reservation approximately
0.8 km (0.5 mi) south of McCoy Lake and flows approximately 4.8 km
(3 miles) to join the Spokane River Arm of Lake Roosevelt along its
north (right) bank at rkm 9.8 (rm 6.1), near McCoy’s Marina. En'te
Creek is fed by groundwater flow out of McCoy’s Lake. As a result of
this groundwater influence there is constant flow in the creek and the
temperature remains cold throughout the low flow period. Average
daily temperatures were approximately 12.5°C in June, 13.7°C in July,
12.5°C in August, 12.0°C in September, and 10.7°C in October (Butler
and Crossley 2003). Electrofishing surveys conducted in En'te Creek
in 2002 by Butler and Crossley captured a total of 9 fish comprised
of 44.4% rainbow trout (n = 4), 22.2% brown trout (n = 2), and 33.3%
unidentified sculpin (n = 3). Also, every autumn between 1998 and
2010, EWU has captured hundreds of hatchery kokanee salmon staging below a beaver dam at the creek mouth (Lake Roosevelt Elevation
1290 ft above MSL) (McLellan et al. 2001, 2003, 2004, 2005, 2006, 2007,
2008, 2009, 2010; McLellan and Scholz 2001, 2002a, 2002b, 2003;
Blake et al. 2011). In some years, a few kokanee (< 100) escaped above
the beaver dam and occupied a deep pool located above it.
Orzada Creek
The headwaters of Orzada Creek arise 7.4 km (4.6 mi) above its
confluence with the Spokane River Arm of Lake Roosevelt on the
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right bank at RKM 13.0 (RM 8.1). One site in Orzada Creek was
sampled by electrofishing in 2002 by Butler and Crossley (2003).
A total of 24 fish were collected, comprised of 12.5% rainbow trout
(n = 3), 8.3% brook trout (n = 3), and 79.2% unidentified sculpin
(n = 19) Also, every autumn from 1998–2010, EWU has captured
hundreds of hatchery kokanee staging below a beaver dam at the
Creek mouth (Lake Roosevelt elevation 1,290 ft MSL) (McLellan et
al. 2001, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010; McLellan
and Scholz 2001, 2002a, 2002b, 2003; Blake et al. 2011). In two
years a few kokanee (> 50) escaped above the beaver dam and constructed redds in Orzada Creek.
Sand Creek
Sand Creek originates at an elevation in 4,200 ft on the south face
of the Huckleberry Mountains northwest of the Midnite Uranium
Mine on the Spokane Indian Reservation and flows 20.3 km (12 mi)
in a southwesterly direction to join the Spokane River Arm of Lake
Roosevelt at Spokane River RKM 16.5 (RM 10.3) at elevation 1,290 ft.
Sand Creek Falls, located at RKM 2.1 (RM 1.3), are approximately
30 m (100 ft) high and a total barrier to fish migration. A high
gradient chute near the mouth at RKM 0.2 (RM 0.1) may also have
impeded fish migration. Principal tributaries of Sand Creek include Rail and Owl creeks, which join Sand Creek on its right bank
respectively at Sand Creek RKM 7.5 (RM 4.7) and RKM 9.3 (RM 5.8).
Peone (1994, 1995), Crossley et al. (2000), and Crossley (2001)
collectively sampled 14 different sites in Sand Creek (at RKM 1.3,
2.9, 4.5, 7.0, 8.8, 9.9, 10.9, 11.7, 13.3, 14.1, 14.9, 15.5, 16.5, 18.7) and 1 site
each in Rail, Owl creeks and the West Branch Sand Creek in 1994,
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1995, and 1999–2000. No fish were collected in Rail, Owl, or the
West Branch. Brook trout was the only species collected at each of
the 14 sites sampled in Sand Creek (n = 327 total fish [50 collected
by Peone and 277 collected by Crossley et al. (2001) and Crossley
(2001)]).
Blue Creek
Blue Creek originates as outflow from Turtle Lake and flows 10.8 km
(6.7 mi) in a southwesterly direction to join the Spokane River Arm
of Lake Roosevelt on the right bank at Spokane RKM 20.3 (RM 12.7).
Elevations are 2,296 ft above MSL at the source and 1,290 ft above
MSL where it enters the Spokane River. The principal tributary is
Oyachen Creek, which originates west of the Sherwood Uranium
Mine and flows 8.2 km (5.1 mi) to join Blue Creek on its left bank at
Blue Creek RKM 2.2 (RM 1.4). A second tributary drains the Midnite
Uranium Mine and contains acid mine waters that mobilize heavy
metals (cadmium, manganese, nickel, strontium, uranium, and
zinc) and carries them into Blue Creek (Sumioka and Dion 1983;
Nichols and Scholz 1987, 1989). These metals are radioactive and
formed a white precipitate over the bottom sediments after joining
Blue Creek at Blue Creek RKM 5.4 (RM 3.4).
Fish in Blue Creek were sampled by Scholz et al. (1988b), Peone (1994,
1995), and Crossley (2001). A total of 7 different sites were sampled (at
RKM 0.2, 1.1, 2.1, 2.9, 5.2, 5.9, and 8.0) in Blue Creek and 3 sites were
sampled (at RKM 0.2, 0.8, and 2.7) in Oyachen Creek. Rainbow trout
was the only species sampled at all three sites in Oyachen Creek (n = 107
total, ranging from < 65–211 mm TL). Largescale sucker (n = 2), cutthroat trout (n = 32), rainbow trout (n = 3,415), kokanee salmon (n = 85),
brown (n = 38), brook trout (n = 1), mottled sculpin (n = 16), unidentified sculpin (n = 11), and walleye (n = 1) were collected in Blue Creek.
Rainbow trout were collected at all 7 sites. Cutthroat trout, kokanee
salmon, and brown trout were collected only at RKM 0.2, 1.1, and 2.2.
It is possible that all the fish identified as cutthroat trout were misidentified native redhead trout with red marks on their throat and vestigial
basibranchial teeth.
Scholz et al. (1998b) aged rainbow trout collected from
1985–1987 using scales and determined that age 1 fish (n = 1,478)
ranged from 70–114 mm TL, age 2 fish (n = 856) ranged from
115–180 mm TL, age 3 fish (n = 116) ranged from 183–307 mm TL,
and age 4 and older fish (n = 32) ranged from 357–587 mm TL. Of
the age 4 and older fish 29 of 32 (90.6%) exceeded 438 mm TL.
Population estimates were made of the number of fish present in
each age class downstream from the acid mine drainage tributary
in May 1985, May 1986, and May 1987 using Peterson mark–recapture method (Scholz et al. 1988b). The number of fish in each age
class (± 95% CI) was estimated at 3,888 (± 449) age 1, 1,072 (± 123)
age 2, 153 (± 18) age 3, and 51 (± 6) age 4 fish in May 1985; 868 (± 78)
age 1, 891 (± 74) age 2, 100 (± 9) age 3, and 21 (± 1) age 4 fish in May
1986; and 1,455 (± 125) age 1, 437 (± 370 age 2, 60 (± 5) age 3, and 20
(± 1) age 4 fish in May 1987. The age 3 and age 4 fish probably made
adfluvial migrations between Blue Creek and Lake Roosevelt and
back again as indicated by their large size (about 50% of the age 3
fish ranged from 240–307 mm TL, and age 4 and older fish ranged
from 359–587 m TL). Blue Creek does not have a sufficient forage base to produce fish of that size. Rainbow trout in Blue Creek
probably make adfluvial migrations into Lake Roosevelt at age 1.5,
then migrate back to Blue Creek at ages 3, 4, and older for spawning. This conjecture is supported by the fact that large numbers of

age 1 and 2 rainbow trout were observed in Blue Creek, but age 3, 4,
and older fish were rare.
Eastern Washington University has collected a few kokanee
(generally fewer than 100) staging at the mouth of Blue Creek each
year from 1997–2010 (McLellan et al. 2001, 2003, 2004, 2005, 2006,
2007, 2008, 2009, 2010; McLellan and Scholz 2001, 2002a, 2002b,
2003; Blake et al. 2011).
Nichols and Scholz (1987, 1989) found rainbow trout from
Blue Creek posed a risk to Spokane Tribal members consuming
them due to high cadmium levels in their edible muscle tissue.
The values of all fish tested exceeded the acceptable daily intake
value of 2.9 µg ⁄ day to protect children and several fish exceeded
the acceptable daily intake value of 20.3 µg ⁄ day to protect adults
(Nichols and Scholz 1987, 1989).
Seven creel checks were made in Blue Creek in 1985 and 1986
and 19 anglers were interviewed with a total of 15 rainbow trout
ranging from 254–533 mm TL, likely age 3 or older.
Pitney Creek
Pitney Creek arises on the south side of the Spokane River in Lincoln
County and joins the Spokane Arm of Lake Roosevelt on the left
bank at RKM 20.5 (RM 12.8). Pitney Creek has perennial flow but its
fish community has not been sampled. In most years from 1998–2010,
EWU has collected kokanee staging at the mouth of Pitney Creek
(McLellan et al. 2001, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010;
McLellan and Scholz 2001, 2002a, 2002b, 2003; Blake et al. 2011). Up
to several hundred fish were collected in some years.
Harker Canyon Creek
Harker Canyon Creek originates on the south side of the Spokane
River, north of Davenport, Washington and flows approximately
11.0 km (6.9 mi) to its confluence with the Spokane Arm of Lake
Roosevelt at RKM 32.6 (RM 20.4). In summer and fall, the stream
is dry throughout most of its length. Attempts to sample fish were
made by Scholz (2004) on 10 March, 2003 and by Butler and
Crossley (2006) in 2005. Both attempts were unsuccessful because the stream was too shallow (about 1 cm deep) to electrofish.
Eastern Washington University has captured a few (5–13) kokanee
staging at the mouth of Harker Canyon Creek in 2 of 13 years sampled between 1998 and 2010.
Mill Canyon Creek
Mill Canyon Creek originates on the south side of the Spokane
Arm on the north side of U. S. Highway 2 between Reardan and
Davenport, Washington. It flows approximately 13.3 km (8.3 mi)
to its junction on with the Spokane River Arm of Lake Roosevelt
at RKM 33.3 (RM 20.8). Mill Canyon Creek was surveyed at 3 sites
(RKM 0.2, RKM 3.2, RKM 5.9) by EWU on 10 March, 2003. Rainbow
trout were captured at each site: 5 (123–549 mm TL) at RKM 0.2,
14(138–186 mm TL) at RKM 3.2, and 15 (90–195 mm TL) at RKM 5.9.
The large size of some rainbow captured at the lower site suggested
that Mill Canyon Creek may harbor some rainbow trout with
an adfluvial life history that emigrate from the creek into Lake
Roosevelt to grow and return to spawn in the creek. Butler and
Crossley (2006) attempted to sample the lower reach of Mill
Canyon Creek in 2005 and did not collected any fish because the
creek was intermittent.
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From 1998–2010, EWU has sampled Mill Canyon each fall for
the presence of kokanee. Six juvenile kokanee (82–98 mm TL) were
sampled there in the fall of 1998. Since then, both wild and hatchery adult kokanee (about 20–80 fish) have been sampled at the
mouth of Mill Canyon Creek every third year (in 2001, 2004, 2007,
and 2010). In the fall of 2010, kokanee moved from the mouth into
the lower 0.2 km of Mill Canyon Creek. They constructed redds
both in the mouth (n = 30 kokanee and 4 redds) and in lower Mill
Canyon Creek (n = 32 kokanee and 2 redds) (Blake et al. 2011).
Spring Creek
Spring Creek arises south of Reardan, Washington and flows
17.3 km (10.8 mi) to the north to join the left bank of the Spokane
River Arm of Lake Roosevelt at Spokane River RKM 44.8 (RM 28.0).
A 4 m high waterfall at Spring Creek RKM 1.3 (RM 0.8), blocks fish
migration. Below the falls, water in the stream typically subsurfaces during the summer and fall low flow period. The only tributary is Tamarack Canyon Creek which originates west of Spring
Creek and flows 12.8 km (8.0 mi) east to its confluence with Spring
Creek on the left bank at Spring Creek RKM 6.1 (RM 3.8).
Stocking records indicated that Spring Creek was stocked a
total of 12 times between 1935 and 1975 with a total of 14,500 rainbow trout and 23,000 brook trout (WDFW Fish Stocking Database).
Tamarack Canyon Creek was stocked a total of nine times between
1943 and 1983 with a total of 8,667 rainbow trout and 20,600 brook
trout (WDFW Fish Stocking Database). Both species established
natural spawning populations in both creeks.
Scholz (1985) sampled 1 site in Spring Creek at RKM 11.0 in July
1994 and caught 187 rainbow trout 137–224 mm TL and 23 brook
trout 59–173 mm TL. Scholz (2003) sampled 3 sites in Spring Creek
(at RKM 0.3, 5.6, and 11.0) and 1 site in Tamarack Creek (at RKM 1.3)
on 5 March, 2003. A total of 19 rainbow trout (73–563 mm TL) were
collected with 0.3 hours of electrofishing effort at the lower site in
Spring Creek. The large size of some rainbow suggested that spring
creek harbors adfluvial rainbow that migrate into Lake Roosevelt
to feed and grow then return to Spring Creek to spawn below the
falls. A total of 23 rainbow trout (96–255 mm TL) and 9 brook trout
(110–185 mm TL) were collected with 0.1 hours of electrofishing effort at the middle site in Spring Creek. A total of 84 rainbow trout
(82–205 mm TL) were collected with 0.14 hours of electrofishing
effort at the upper site in Spring Creek. A total of 15 rainbow trout
(91–142 mm TL) were collected with 0.1 hours of electrofishing effort at the site in Tamarack Creek.
Butler and Crossley (2005) electrofished 13 sites in Spring Creek
and 4 sites in Tamarack Creek in 2005. They collected 144 rainbow trout (41–310 mm TL) and 61 brook trout (70-310 mm TL) in
Spring Creek, and 75 rainbow trout (51–210 mm TL) and 90 brook
trout (71–230 mm TL) in Tamarack Creek.
Eastern Washington University also collected some kokanee
(about 20–50 kokanee per year) staging at the mouth of Spring
Creek in most autumns between 1998 and 2010. Washington
Department of Fish and Wildlife (WDFW) made creel checks at
Spring Creek from 1951–1953 (7 checks) and Scholz made one in
1986. Washington Department of Fish and Wildlife (WDFW) interviewed 47 anglers between 1958 and 1953 and Scholz interviewed
2 anglers in 1986. These 48 anglers caught a total of 257 rainbow
trout (an average of 6 rainbow trout/angler). In 1986, 2 anglers
caught a total of 4 rainbow trout and 1 brook trout (an average of
2.5 fish/angler).
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Tributaries of Little Falls Reservoir
(Chamokane and Little Chamokane creeks)
Little Chamokane Creek
Little Chamokane Creek is 18.7 km (11.7 mi) long between its
headwaters on the Spokane Indian Reservation near Wellpinit,
Washington and its confluence on the right bank of the Spokane
River at Spokane RKM 50.9 (RM 31.8). A 3 m high barrier falls
(Little Chamokane Falls) prevents fish migration at Little Spokane
RKM 4.5 (RM 2.8). Tributaries include Sams Creek, which flows approximately 9.1 km (5.7 mi) from its headwater ponds and marsh
to its confluence on the left bank of Little Chamokane Creek
at RKM 5.3 (RM 3.3); Cottonwood Creek, which flows 16.6 km
*10.4 mi) from its headwaters to its confluence with the left bank
of Little Chamokane Creek at RKM 9.4 (RM 5.9); Wellpinit Creek,
which flows 6.2 km (3.9 mi) from its headwaters to its confluence with little Chamokane Creek on the right bank at RKM 10.2
(RM 6.4); and Sheep Creek, which flows 9.6 km (6 mi) from its
headwaters to its confluence on the left bank of Little Chamokane
Creek at RKM 13.0 (RM 8.1).
Fishes in the Little Chamokane drainage were sampled by
Heaton (1992), Peone (1994, 1995), McLellan and Scholz (unpublished in 1997), Crossley (2001, 2002), and Butler and Crossley
(2003). Heaton sampled 3 sites in the mainstem, Peone sampled
4 sites in the mainstem, and McLellan and Scholz sampled 1 site
in the mainstem. Crossley (2001, 2002) and Butler and Crossley
sampled 13 sites in the mainstem and 14 sites in tributaries (9
sites in Cottonwood Creek, 4 sites in Sheep Creek, and 1 in
Wellpinit Creek).
A total of 5,402 fishes have been sampled in the Little Chamokane
Creek drainage (Table 5.84), including 1 mountain whitefish, 112
rainbow trout, 1 brown trout, and 1 brook trout. Unfortunately, the
numbers of other non-salmonid species was not recorded by most
investigators. Other species noted by these investigators that occurred in the Little Chamokane mainstem included chiselmouth,
carp, northern pikeminnow, speckled dace, redside shier, tench,
longnose sucker, bridgelip sucker, largescale sucker, mottled sculpin, torrent sculpin, pumpkinseed, and largemouth bass (Table 5.84).
The only species sampled in tributaries of Little Chamokane Creek
included northern pikeminnow, speckled dace, redside shiner,
bridgelip sucker, rainbow trout, and mottled sculpin (Table 5.84).
Crossley (2001, 2002) and Butler and Crossley reported that of
13 sites sampled in the mainstem, chiselmouth and northern pikeminnow occurred at 3 sites (below Little Chamokane Falls), speckled dace and redside shiner occurred at all 13 sites, bridgelip sucker
occurred at 7 sites, rainbow trout occurred at 5 sites, brown trout
occurred at 1 site, and mottled sculpin occurred at 3 sites.
Chamokane Creek
Chamokane (also spelled Tshimikain) Creek flows 52 km
(32.5 mi) between its source in the Huckleberry Mountains
north of the Spokane Indian Reservation to its confluence with
the Spokane River at Spokane RKM 50.9 (RM 31.8) right (north)
bank. Chamokane Creek flows to the east from its headwaters
to Springdale, Washington (RKM 29), then to the south from
Springdale to the Spokane River. The east bank of the lower
28.5 km (17.7 mi) of Chamokane Creek forms the eastern boundary
of the Spokane Indian Reservation. The stream between RKM 13
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Table 5.84

Fishes collected in Little Chamokane Creek, tributary of the Spokane River (Little Falls Reservoir). EF = electrofishing,
NR = not recorded, P = present. Data are arranged by date for each tributary. Data are arranged by date for each tributary.
Relative abundance (RA) is based on total numbers of fish caught. Total length (TL) range (in mm) is also provided.

No. sites sampled
Year
Reference
Method (effort hours)
Cyprinidae

Catostomidae

Salmonidae

Cottidae

Centrarchidae

Total

3

4

1

13

trib (14)*

1992

1994/1995

1997

2000/2001

2001/2002

1

2

3

4, 5

4, 5

Total

TL range
(mm)

EF (NR)

EF (1.1)

EF (NR)

EF (NR)

EF (NR)

chiselmouth
carp
northern pikeminnow
speckled dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker

P
P
P
P
P
P
P
P
P

7
0
74
11
10
0
0
0
0

157
0
101
299
31
0
0
0
0

P
0
P
P
P
0
0
P
P

0
0
P
P
0
0
0
P
0

> 166
>1
> 178
> 313
> 43
>1
>1
>3
>2

100-192
NR
NR
NR
NR
NR
NR
NR
NR

unidentified sucker
mountain whitefish
rainbow trout
brown trout
brook trout
mottled sculpin
torrent sculpin
unidentified sculpin
pumpkinseed
largemouth bass

P
P
P
P
P
P
P
P
P
P

37
0
7
0
0
0
0
4
0

131
1
0
0
0
98
1
0
0
0

0
0
47
1
0
P
0
0
0
0

0
0
57
0
0
P
0
0
0
0

> 168
1
112
1
1
> 98
>2
>4
>1
>1

NR
NR
59-150
NR
NR
NR
NR
NR
NR
NR

14

150

819

2,852

1,567

5,402

* Includes Cottonwood Creek (9 sites), Sheep Creek (4 sites), and Wellpinit Creek (1 site).
References: ¹ Heaton (1992); ² Peone (1994, 1995); ³ McLellan and Scholz (unpublished); ⁴ Crossley (2001, 2002); ⁵ Butler and Crossley (2003)

and RKM 21 is intermittent and the streambed is dry during the
summer months. Water sinks through coarse sediments until it
reaches a clay layer than travels underground along the clay layer
until it re-emerges in a series of massive natural springs near Ford,
Washington to provide constant flow in the lower 13 km of the
creek it its confluence with the Spokane River. This was discussed
more fully in Chapter 4 and is related to the Chamokane Valley
aquifer system. Two fish hatcheries have been constructed that
are associated with these springs. The WDFW Ford trout hatchery was constructed at Ford Springs. The Spokane Tribal kokanee
and rainbow trout hatchery was constructed at Metamooteles
Springs. Chamokane Falls at RKM 1.6 (RM 1.0) and the dry stretch
between RKM 13 and RKM 21 are significant fish passage barriers.
Chamokane Falls is approximately 5 m high.
Principal tributaries of Chamokane Creek include
Metamooteles Springs Creek [right bank at RKM 8.8 (RM 5.5)],
Ford Springs Creek [right bank at RKM 10.4 (RM 6.5)], Swamp
Creek [left bank at RKM 30 (RM 18.1)], and Sorenson Canyon
Creek [right bank at RKM 38.2 (RM 23.9)]. The Middle Fork and
South Fork bifurcate at RKM 40.8 (RM 22.5) and the Middle Fork
and North Fork bifurcate at RKM 45.4 (RM 28.4). The South Fork
flows 15.7 km (9.8 mi) between its headwaters to its confluence
with the Middle Fork. The North Fork flows 11.4 km (7.1 mi) between its headwaters and its confluence with the Middle Fork. The

Middle Fork flows 6.6 km (4.1 mi) between its headwaters and its
confluence with the North Fork.
Discharge of Chamokane Creek at USGS gauge # 123433220 located
below Chamokane Falls over a 29 year period of record (water years
1972–1978 and 1988–2010) has averaged (ranged) 60.5 (25.8–170.4)
cfs. Monthly flows over the course of a water year averaged 29 cfs in
October, 30 cfs in November, 42 cfs in December, 58 cfs in January,
74 cfs in February, 162 cfs in March, 149 cfs in April, 63 cfs in
May, 40 cfs in June, 29 cfs in July, 27 cfs in August, and 27 cfs in
September. Sediment in Chamokane Creek moves at velocities around
2.2 ft ⁄ sec or a discharge of about 77 cfs (Barber 1988; Barber et al.
1988). Since spring flows usually exceed 77 cfs, this means that any
sediment that accumulated in Chamokane Creek over the course of
the year is washed out into the Spokane river annually in the spring,
preventing sediments from accumulating in the interstices of spawning gravels and causing “paving” of spawning gravels.
Barber et al. (1988) and O’Laughlin et al. (1988) conducted
Instream Flow Incremental Method (IFIM) analysis for brown / rainbow trout and benthic macroinvertebrates. They recommended that
minimum instream flows of 27.7 cfs be established in each month,
except for March and April, which should be at least 77 cfs to prevent fine sediments from accumulating over and “paving” spawning
gravels. Maintenance of these flows should maintain the brown and
rainbow trout populations in Chamokane Creek over the long term.

A. T. Scholz
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Information about the fish assemblage in Chamokane Creek
was collected by Navaree (1974), Scholz et al. (1988), Barber
(1988), Barber et al. (1988), Geist et al. (1988), O’Laughlin et al.
(1988a, 1988b) Uehara et al. (1989), O’Laughlin (1989), and Butler
and Crossley (2005, 2006, 2007, 2010). Collectively, these authors reported that five families and 16 species of fishes occur in
Chamokane Creek, including:
• Cyprinidae: chiselmouth, northern pikeminnow, speckled
dace, redside shiner;
• Catostomidae: bridgelip sucker, largescale sucker;
• Salmonidae: mountain whitefish, rainbow trout, Chinook
salmon, brown trout, brook trout;
• Cottidae: mottled sculpin, torrent sculpin; and
• Centrarchidae: pumpkinseed, bluegill, smallmouth bass.

A total of 16,888 fishes have been collected by backpack electrofishing in Chamokane Creek (Table 5.85). The number, relative abundance, and total length ranges of each species captured in Chamokane
Creek or its tributaries (Sorenson, Metamooteles Springs, and Swamp
creeks) is recorded in Table 5.85. Relative abundance and total number (n) of each species captured was comprised of:
• Cyprinidae: 0.2% chiselmouth (n = 37), < 0.1% northern pikeminnow (n = 10), 18.4% speckled dace (n = 3,205), 7.1% redside shiner (n = 1,242);
• Catostomidae: 10.9% bridgelip sucker (n = 1,902), 2.7% largescale sucker (n = 474);
• Salmonidae: 1.4% mountain whitefish (n = 247), 12.6% rainbow trout (n = 2,195), 12.5% brown trout (n = 2,165), 1.5%
brook trout (n = 256);
• Cottidae: 3.0% mottled sculpin (n = 524), 0.2% torrent sculpin
(n = 33), < 0.1% unidentified sculpin (n = 7); and
• Centrarchidae: 26.4% pumpkinseed (n = 4,587), 0.2% bluegill
(n = 35), < 0.1% smallmouth bass (n = 2).

These numbers overestimated the relative abundance of salmonids and underestimated the relative abundance of sculpin because
Scholz et al. (1988) only counted salmonids and sculpins, and recorded only the presence of other species. Butler and Crossley (2005,
2006, 2007) recorded numbers of all species except for sculpins.
Sculpin are hard to capture because they inhabit crevices in rocky
substrate and are, thus, often difficult to catch by electrofishing; so
they are consistently underrepresented in electrofishing surveys.
Scholz et al. (1988) estimated brown trout, rainbow trout, and
brook trout and mountain whitefish populations in the lower 13 km
of Chamokane Creek in October 1986 using the Peterson mark/
recapture estimator. Populations of mottled and torrent sculpin in
the same 13 km section in October 1983 were estimated using a
removal depletion estimator. The populations of brown trout and
rainbow trout (± 95% CI) were estimated at 20,633 (± 5,639) and
15,945 (± 3,633) respectively.
The population of each age class of brown trout (±95% CI) was:
age 0 + (9,995 ± 2,201), age 1 + (4,724 ± 1,077), age 2 + (2,981 ± 210),
age 3 + (1973 ± 709), age 4 + (1,022 ± 327), and age 5 + (374 ± 69). The
population in each age class of rainbow trout (± 95% CI) was: age
0 + (9,684 ± 2,510), age 1 + (3,209 ± 1,567), age 2 + (1,403 ± 44), age
3 + (746 ± 367), age 4 + (247 ± 59), and age 5 + (34 ± 3).
The mean length and weight of each age class of brown trout was
100 mm TL and 11 g (age 0 +), 139 mm TL and 32 g (age 1 +), 218 mm TL
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and 117 g (age 2 +), 288 mm TL and 263 g (age 3 +), 410 mm TL and
683 g (age 4 +), and 473 mm TL and 1,076 g (age 5 +) (Uehara et al. 1988).
The mean length and weight of each age class of rainbow trout was
83 mm TL and 6 g (age 0 +), 159 mm TL and 46 g (age 1 +), 212 mm TL
and 102 g (age 2 +), 315 mm TL and 331 g (age 3 +), 379 mm TL and 552 g
(age 4 +), and 442 mm TL and 800 g (age 5 +) (Uehara et al. 1988). The
largest brown trout measured 682 mm (26.8 in) TL and weighed 3.2 kg
(7 lbs). The largest rainbow measured 452 mm (17.8 in) TL and weighed
900 g (0.4 lbs). Population densities were 35 (age 0 +), 363 (age 1 +), 229
(age 2 +), 152 (age 3 +), 79 (age 4 +), and 29 (age 5 +) brown trout and
759 (age 0 +), 274 (age 1 +), 106 (age 2 +), 93 (age 3 +), 31 (age 4 +), and 3
(age 5 +) rainbow trout per kilometer (Scholz et al. 1988).
Barber et al. (1988) observed 140 brown trout redds in late
October and early November 1986, and 22 rainbow trout redds
in April 1987 throughout Chamokane Creek. The count of brown
trout redds was accurate. The count of rainbow trout redds was
likely underestimated them because runoff was high in April and
water was turbid, so not all rainbow redds were counted.
The populations of brook trout and mountain whitefish were
estimated at 682 and 719 respectively (Scholz et al. 1988). Brown
trout and rainbow trout were captured over the entire 13 km segment. Brook trout were captured only above Chamokane Falls.
Mountain whitefish were captured only below Chamokane Falls.
Based on their size (230–330 mm) and reproductive condition
(they were almost all ripe males and females) it was apparent that
mountain whitefish represented a fluvial stock from the Spokane
River (Little Falls Reservoir) that has migrated into Chamokane
Creek to spawn below Chamokane Falls.
Populations (±95% CI) of mottled sculpin were estimated at
155,238 (± 17,852) and populations of torrent sculpin were estimated
at 9,738 (± 1,120). The sculpin estimates probably underestimated
the actual populations because of the caveats previously discussed;
i.e., because they associate closely with the substrate, they are difficult to capture by electrofishing. Sculpin were found throughout
the entire lower 13 km of Chamokane Creek. These were the population levels measured in the lower 13 km in 1986 when base discharge of Chamokane Creek was 29.9 cfs. In October 1992, when
the base discharge of Chamokane Creek was 18.9 cfs (or about
63% of the base discharge measured in 1986).
Eastern Washington University (EWU) estimated populations
of brown trout, rainbow trout, and mountain whitefish in the lower
13 km of Chamokane Creek using the removal depletion method
in 1992. The estimated populations (95% CI) were 8,333 (± 4,117) for
brown trout, 1,508 (± 318) for rainbow trout and 68 (± 16) mountain whitefish. Brown trout and rainbow trout were again found
throughout the 13 km section and mountain whitefish occurred
only downstream of Chamokane Falls. Population estimates (±95%
CI) were also made by EWU for northern pikeminnow (n = 85 ± 26),
chiselmouth (n = 1,785 ± 358), largescale sucker (n = 1,377 ± 253),
bridgelip sucker (n = 51 ± 13), and longnose sucker (n = 34 ± 7) in
the 1.6 km section downstream from Chamokane Falls in 1992.
Also, in 1992 EWU collected 17 Chinook salmon (9 males 463–
823 mm TL and 8 females 378–782 mm TL) and observed that
they had constructed at least four redds. EWU observed 11 more
Chinook salmon in October 1993, 4 Chinook salmon in 1994, and
23 Chinook salmon and 7 redds in 1995. Butler and Crossley (2002)
also observed Chinook in Chamokane Creek.
Butler and Crossley (2010) counted 169 Chinook salmon staging at the mouth of Chamokane Creek in August 2008. Later in
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Year

A. T. Scholz

chiselmouth
northern pikeminnow
speckled dace
redside shiner
bridgelip sucker
largescale sucker
mountain whitefish
rainbow trout
brown trout
brook trout
mottled sculpin
torrent sculpin
unidentified sculpin
pumpkinseed
bluegill
smallmouth bass

EF (10)
P
P
P
P
P
P
218
1,556
1,590
218
524
33
P
P
0
4,147

EF (NR)
P
0
0
0
0
P
0
P
P
P
0
0
P
0
0
6

2

1986

1

1974

EF (NR)
35
9
2,780
1,125
1,795
472
29
363
574
10
0
0
4
3,898
65
0
11,160

3, 4

2003/2004

52

0
178

EF (NR)
0
0
5
6
0
0
0
167
0
0
0
0
0
0

4

2004

8

0
510

EF (NR)
0
0
255
110
90
0
0
55
0
0
0
0
0
0

4

2004

6

2
952

EF (NR)
0
0
164
0
16
0
0
53
1
27
0
0
0
689

4, 5

2004

Trib (19)*

References: ¹ Navarre (1974); ² Scholz et al. (1988); Barber et al. (1988b); ³ Butler and Crossley (2005); ⁴ Butler and Crossley (2006); ⁵ Butler and Crossley (2007)..

* Tributaries sampled: Includes 1 site on Hanson Creek, 5 sites on Sorenson Creek, 1 site on Metamooteles Spring Creek, and 3 sites on Swamp Creek.

Total

Centrarchidae

Cottidae

Salmonidae

Catostomidae

Method (effort hours)
Cyprinidae

Reference

15

1

2
16,888

37
10
3,205
1,242
1,902
474
247
2,195
2,166
256
524
33
7
4,588

Total

0.2%
0.1%
19.0%
7.4%
11.3%
2.8%
1.5%
13.0%
12.8%
1.5%
3.1%
0.2%
<0.1%
27.2%
< 0.1%
< 0.1%
100.0%

RA (%)

40-102
43-382
20-100
21-110
27-220
31-415
30-314
50-527
32-535
65-305
NR
NR
NR
20-140
34-87
NR

TL range (mm)

Fishes collected in Chamokane Creek, tributary of the Spokane River (Little Falls Reservoir). EF = electrofishing, NR = not recorded, P = present. Data are arranged by date for
each tributary. Relative abundance (RA) is based on total numbers of fish data were not available for these streams. Total length (TL) range (in mm) is also provided.

No. sites sampled

Table 5.85
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September and October a total of at least 50 of these fish migrated as
far upstream as Chamokane Falls and constructed redds. Total length
of these fish averaged (ranged) 63 (53–81) cm. Reproductively mature
individuals of both sexes were sampled. Five Chinook redds were
identified. The Chinook salmon in Chamokane Creek were planted
by IDFG in tributaries of Coeur d'Alene Lake, Idaho. Each year a few
Chinook wash down the Spokane River. These become trapped in
Little Falls Reservoir used Chamokane Creek for spawning.
Eastern Washington University also estimated the brown and
rainbow trout populations in the lower 13 km of Chamokane Creek
in October 1995 when the base discharge in Chamokane Creek
was 29.2 cfs, using the removal/depletion method. Populations
(± 95% CI) of brown trout and rainbow trout were respectively
13,408 (± 4,151) and 2,825 (± 437). Thus, populations of brown trout
and rainbow trout in Chamokane Creek appeared sensitive to
the base discharge of the creek. Brown and rainbow trout numbered respectively 20,637 and 15,945 in October 1986 (when base
discharge was 29.9 cfs), 8,333 and 1,508 in October 1992 (when
base discharge was 18.9 cfs), and 13,408 and 2,825 in October 1995
(when base discharge was 29.2 cfs).
Butler and Crossley (2005, 2006, 2007) sampled fishes at 51
stations in Chamokane Creek and 19 stations in tributaries of
Chamokane Creek (8 stations in the North Fork, 6 stations in the
South Fork, 1 station in Hanson Creek, 1 station in Metamooteles
Springs Creek, and 3 stations in Swamp Creek). Of these 70 stations, 5 were dry. No fish were sampled at 15 stations, chiselmouth
were present at 3, northern pikeminnow at 2, speckled dace at
40, redside shiner at 32, bridgelip sucker at 39, largescale sucker
at 3, mountain whitefish at 1, rainbow trout at 32, brown trout
at 15, and brook trout at 6. Chiselmouth, northern pikeminnow,
largescale sucker, and mountain whitefish occurred only downstream of Chamokane Falls. Speckled dace, redside shiner, and
bridgelip sucker occurred throughout the watershed. Rainbow
trout occurred mainly in the lower 13 km and in the upper portions of the watershed, including the North and South Forks of
Chamokane Creek and Metamooteles Springs Creek. Brown
trout were confined to the lower 13 km of Chamokane Creek and
Metamooteles Springs Creek. Brook trout occurred in the lower
13 km of Chamokane Creek and Swamp Creek, but were more
sparsely distributed than either brown trout or rainbow trout.
Pumpkinseed escaped from a pond near Springdale, Washington
and were distributed throughout the creek below that point
(Butler and Crossley 2006).

Tributaries of the Spokane River entering
Long Lake Reservoir (Lake Spokane)
Little Spokane River
The Little Spokane River originates in massive spring seeps about
3 km (1.9 mi) southwest or the town Newport, Pend Oreille
County, Washington and flows approximately 85 km (53 mi) in a
south-south westerly direction before joining the Spokane River
at Spokane RKM 90.6 (RM 56.6) in Long Lake Reservoir, Spokane
County. The Little Spokane River flows through a chain of three
lakes (collectively called Chain Lakes) near where it crosses the
county line from Pend Oreille into Spokane County. Three other
lakes, Reflection, Little Trout, and Bailey lakes are directly connected to the Little Spokane River by short tributary streams. Bear
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Lake is an isolated Lake in the Little Spokane drainage. A 10 m
high barrier fall to fish migration is present at RKM 69.1, about
0.5 km upstream from the uppermost Chain Lake.
The main tributary of the Little Spokane River is its West
Branch, which originates in the outflow of Diamond Lake (also
located southwest of Newport, Washington) as Moon Creek, and
flows into Sacheen Lake (RKM 29.6–32.6). The outlet of Sacheen
Lake is designated the West Branch of the Little Spokane River.
The Little Spokane River flows 42.9 km (26.8 mi) between the outlet of Diamond Lake to its confluence with the Little Spokane River
on the right (west) bank at RKM 52.5 (RM 38.8). A falls at West
Branch RKM 0.8 (RM 0.5) likely impeded the migration of anadromous Chinook salmon up the West Branch (McLellan 2002). The
West Branch also flows through a chain of lakes, from Sacheen into
Trout (RKM 24.3–25.1), Horseshoe (RKM 19.0–19.7), and Eloika
(RKM 5.4–10.1) lakes. Lost and Fan lakes are also connected to the
West Branch Little Spokane River. Lost Lake is connected by a tributary called Spring Heel Creek, which joins the West Branch just
upstream from Horseshoe Lake. Fan Lake is connected by a short
outlet that joins the West Branch between Horseshoe and Eloika
lakes at West Branch RKM 12.6 (RM 7.9).
Three tributaries arise in the Huckleberry Mountains north
of Horseshoe Lake and join the West Branch. Heel Creek flows
south about 8 km to its confluence with Spring Heel Creek above
Lost Lake. Spring Heel Creek Falls at RKM 0.2 is a barrier falls that
prevents fish migration. Buck Creek flows south for about 19.5 km
before joining the West Branch (right bank) at Horseshoe Lake
(McLellan 2002). Buck Creek Falls at Buck Creek RKM 13.2 and a
perched culvert at Buck Creek RKM 0.5 form barriers to fish migration (McLellan 2002). Beaver Creek flows 9.3 km from between
its headwaters and its confluence with the West Branch at RKM 17.2
(right bank) between Horseshoe and Fan lakes. Beaver Creek was
originally connected to Fan Lake but was diverted to flow directly
into the West Branch in the early 1900s to provide increased discharge for floating timber downstream (McLellan 2002).
Other tributaries of the Little Spokane River include:
• Dartford Creek which originates northwest of Spokane,
Washington and flows 8.5 km (5.3 mi) to the south to join
the Spokane River on its right bank at RKM 17.3 (RM 10.8).
• Deadman Creek, which originates on the Southwestern
slopes of Mount Spokane as North and South Forks,
Burping Brook, and Peone creeks which converge
and flow a total distance of about 34.2 km (21.4 mi)
to join the Spokane River on its left bank at RKM 21.0
(RM 13.1). The North and South Forks join to form
Deadman Creek at RKM 25.1 (RM 15.7). Burping Brook
joins the North Fork a short distance (about 2–3 km)
downstream from the origin of the North Fork. Peone
Creek flows about 9.1 km from its headwaters on the
south slope of Mount Spokane to its confluence with
Deadman Creek at Deadman Creek RKM 10.9 (RM 6.8)
on its left bank. Little Deep Creek arises as North and
South Forks and Pell Creek on the western slopes of
Mount Spokane and flows a total distance of about
23 km (14.4 mi) to its confluence with Deadman Creek
at Deadman Creek RKM 0.5 (RM 0.3) on its right bank.
The junction of the North and South Forks of Little
Deep Creek is at about Deep Creek RKM 17 (RM 10.6).
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Pell Creek joins the South fork of Little Deep Creek a
short distance above this bifurcation.

was about 55 CFS at Elk, 190 CFS at Chattaroy, 300 CFS at Dartford,
and 602 CFS at the confluence with the Spokane River (Chung 1975)
The reason why discharge increased so much below Dartford
(from an average of 300 CFS at Dartford to an average of 602 CFS
at the river mouth) is because of the relatively constant discharge
of approximately 300–310 CFS of water into the river from the
Spokane / Rathdrum Prairie Aquifer into the Little Spokane
River near Dartford (Esvelt 1978; Dames and Moore 1995). This
ground water inflow helps the Little Spokane River to maintain
an unusually stable instream flow during the late summer and
early fall months.
In 1995, the Washington Department of Ecology established
minimum base flows at four stations in the Little Spokane River
to protect fish and other aquatic life: Elk [RKM 55.4 (RM 34.6)],
Chattaroy [RKM 37.0 (RM 23.1)], Dartford [RKM 17.3 (RM 10.8)],
and Lower Little Spokane River [RKM 17.3 (RM 3.9)] (Chung 1975).
Base flows were established for each day of the year and incorporated into the Washington Administrative Code (WAC 173-555030) in 1976 (Table 5.86). This is called “The Little Spokane Water
Management Program.” This program protected existing water
rights as the highest priority but required that rights granted after
adoption of minimum base flows in 1976 are subject to (junior)
holders of water rights ceasing withdrawals whenever stream
discharge drops below the established minimum base flow. The
four stations act as control points that prevent upstream users
granted junior water rights from withdrawing water in excess of
the amount required to meet the minimum base flows prescribed
for each date.
The Little Spokane Water Management Program also closed all
the tributaries of the Little Spokane River to further appropriation
of water rights. Most of these tributaries had in fact, been closed
since the 1950s and 1960s, including (in alphabetical order):

• Dragoon Creek originates north and west of Deer
Park, Washington and flows 41.8 km (26.1 mi) in a
southeasterly direction to join the Little Spokane River
on its right bank at Little Spokane RKM 34.1 (RM 21.3).
Dragoon Creek is joined by several tributaries:
Huston Creek [right bank at Dragoon Creek RKM 11.0
(RM 6.4)], Wethey Creek [right bank at Dragoon Creek
RKM 14.4 (RM 9.0)], West Branch Dragoon Creek
[right bank at Dragoon Creek RKM 18.2 (RM 11.4)],
Beaver Creek [right bank at Dragoon Creek RKM 22.9
(RM 14.3), and Spring Creek [left bank at Dragoon
Creek RKM 25.8 (RM 16.1)].
• Deer Creek originates on the western slopes of Mount
Spokane and flows 25.1 km (15.7 mi) to join the Little
Spokane River on its left bank at RKM 36.8 (RM 23.0).
Little Deer Creek is a tributary that flows about 11 km
(6.9 mi) from its headwaters to its confluence with Deer
Creek on the left bank at Deer Creek RKM 9.1 (RM 5.7).
Cottonwood Creek is a tributary of Little Deer Creek.
• Bear Creek flows 13.4 km (8.4 mi) from its headwaters
to join the Little Spokane River on its right bank at
Little Spokane RKM 44.3 (RM 27.7). Along its course it
flows through a chain of lakes, including Little Trout
and Bailey lakes and some smaller ponds. Bear Lake is
an isolated seepage lake in the Bear Creek drainage.
• Otter Creek originates south of Trout Lake and flows
19.4 km (12.1 mi) to join the Little Spokane River on the
left bank of Little Spokane RKM 53.9 (RM 33.6). Otter
Creek Falls at Otter Creek RKM 0.6 (RM 0.4) may have
been a barrier to fish migration.

• Bear Creek (closed in 1953);
• Dartford Creek (closed in 1950);

• Dry Creek originates on the northwestern slope of Mt.
Spokane and flows 14.2 km (8.9 mi) in a westerly direction to its confluence with the Little Spokane River on
its right bank at Little Spokane RKM 53.5 (RM 34.6).
Sheets Creek is a tributary of Dry Creek that joins Dry
Creek on its right bank at RKM 0.2 (RM 0.1). Sheets
Creek flows out of Reflection Lake.

• Deadman and Peone creeks (closed in 1961);
• Dragoon Creek (closed in 1952);
• Dry Creek (closed in 1952);
• Little Deep Creek (closed in 1953);

Average discharge of the Little Spokane River was approximately 58 cfs at Elk, Washington (Little Spokane RKM 55.4) and
190 CFS at Chattaroy, Washington (Little Spokane RKM 37.0). Over
the water year (October to February), discharges at Elk was 45 cfs
in October, 48 CFS in November, 49 cfs in December, 52 cfs in
January, 60 CFS in February, 69 CFS in March, 84 CFS in April, 74
CFS in May, 62 CFS in June, 51 CFS in July, 45 CFS in August, and
45 CFS in September (Chung 1975). Discharge at Chattaroy was
97 CFS in October, 116 CFS in November, 140 CFS in December,
175 CFS in January, 270 CFS in February, 350 CFS in March, 400
CFS in April, 295 CFS in May, 160 CFS in June, 103 CFS in July,
83 CFS in August, and 85 CFS in September (Chung 1975).
Discharge at Dartford (RKM 17.33) averaged 154 CFS in October, 188
CFS in November, 236 CFS in December, 294 CFS in January, 401 CFS in
February, 578 CFS in March, 620 CFS in April, 412 CFS in May, 261 CFS
in June, 163 CFS in July, 130 CFS in August, and 135 CFS in September
over a 82 year period or record (1929-2011). Mean annual discharge

• Moon Creek (closed in 1951);
• Otter Creek (closed in 1952); and
• West Branch Little Spokane River (closed in 1952).
The 1976 rule stated that no additional water can be withdrawn
from these streams during the summer / fall low flow period between 1 June and 31 October. The Washington Administrative
Code rule also contains administrative procedures for the enforcement of base flows. It requires WDOE to:
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1. Examine streamflow forecast made by the United States
Soil Conservation Service based on mountain snowpack
and published in “Water Supply Outlook – Washington”
each year and notify junior water rights holders by letter
or meeting whenever drought conditions and water
flow problems are anticipated;
2. Monitor discharge at the four control points;
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Table 5.86

Washington Department of Ecology established
minimum base flows at four control points in the
Little Spokane River [WAC 173-555-030].
Discharge (CFS) at location
[River Kilometer (RKM)]
Day of
Month

Date
October
November
December
January
February
March
April
May
June
July
August
September

Elk

Lower Little
Spokane
Chattaroy Dartford
River

RKM 55 RKM 32
1
15
1
15
1
15
1
15
1
15
1
15
1
15
1
15
1
15
1
15
1
15
1
15

38
39
40
40
40
40
40
40
40
43
46
50
54
52
49
47
45
43
41.5
39.5
38
38
38
38

70
77
86
86
86
86
86
86
86
104
122
143
165
143
124
104
83
69
57
57
57
57
57
63

RKM 17

RKM 6

130
140
150
150
150
150
150
150
150
170
190
218
250
218
192
170
148
130
115
115
115
115
115
115

385
390
400
400
400
400
400
400
400
420
435
460
490
460
440
420
395
385
375
375
375
375
375
375

3. Estimate the date that junior water rights holders must
desist from diversion and write them a letter about it;
4. Check to determine if notified individuals are complying with the order to cease and desist from withdrawing water from the stream; and
5. Issue violations and prosecute offenders who are in
noncompliance with the cease and desist order.
Dames and Moore, Inc. / Cosmopolitan Engineering Group
(1995), working in cooperation with WDOE inventoried existing
information pertaining to the Little Spokane watershed. This analysis revealed that appropriation of ground water rights increased
steadily at a rate of 3,000 gpm per year between the 1950s and
1980s. Ground water use now exceeds surface water withdrawals.
Because the Little Spokane River and its aquifer are hydraulically
interconnected, ground water withdrawals are expected to reduce
base flows of the Little Spokane River because ground water is
consumed by users and is therefore unavailable to enter the Little
Spokane River by subsurface flow. Population and development
has increased markedly in the Little Spokane drainage during
the past three decades and has been the primary driver in this increased groundwater consumption.
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To provide an idea about the extent of groundwater and surface water rights issued through 1994, Dames and Moore Inc. / Cosmopolitan
Engineering Group (1995) reported that 4,612 domestic claims were
issued, including 3,261 claims for groundwater, totaling 18,654 acre-ft
(127 cfs) per year and 991 claims for surface water totaling 25,158
acre-ft (134 cfs) per year. Major water rights in the Little Spokane watershed through 1994 totaled 1,237, including 496 groundwater rights
totaling 106,586 acre-ft (314 cfs) and 741 surface water rights totaling
12,768 (67 cfs) (Dames and Moore, Inc. / Cosmopolitan Engineering
Group 1995). In 1995 43 more applications were filed, 31 for ground
water totaling 32 cfs and 12 for surface water totaling 2 cfs.
Dames and Moore, Inc. / Cosmopolitan Engineering Group
(1995) compared the daily discharge at the USGS gauge at Dartford
from 1929–1931 and 1948–1991 with the minimum base flow required by the Little Spokane River Water Resource Management
Program (WAC 173-555). I have updated this database through
2008, then organized the data into ten year groupings. For groupings, I chose to incorporate water years (October to September)
rather than annual years (January to December) because it is a
better reflection of natural processes in the sense that water years
relate snowpack and precipitation accumulating during the fall
and winter months to spring freshet runoff events. I selected 10
year groupings to account for natural cycles in peak versus low
flow years. I started with the water year commencing in October
1948 because it was the first complete water year in the modern
record and it was also convenient for dividing the record into six
10-year intervals. I counted the number of days in each month that
the discharge was less than the minimum base flow established in
WAC 173-555, then totaled the number of violations in each decade.
Dames and Moore, Inc. / Cosmopolitan Engineering Group
(1995) found that during the drought years of the Great Depression,
from 1929–1931, the discharge of Little Spokane River at Dartford
was below the minimum base flow established by WAC 173-555
from 172–337 days per year. I found that between October 1948 and
September 1959, the base flows established by WAC 173-555 were violated on 0.8% of the days (29 of 3,650 days) in the decade. In each
decade thereafter, the number of days that violated the flows in WAC
173-555 have steadily increased: 3.8% (n = 140 days) between October
1959 and September 1968, 10.8% (n = 393 days) between October 1968
and September 1978, 14.3% (n = 521 days) between October 1978 and
September 1988, 20.4% (n = 745 days) between October 1988 and
September 1998), and 21.5% (n = 784 days) between October 1998 and
September 2008) (Figure 5.82). The majority of the violations in each
decade occurred during the summer / early autumn low flow months.
Discharge measurement made at the Elk and Chattaroy control
points from 1987–1990 also indicated that the base flow requirements were frequently not met. At the Elk control point base flows
were not met for 8 of 9 measurements made in 1987, 9 of 9 in 1988, 14
of 14 in 1989, and 2 of 7 in 1990. At the Chattaroy control point, base
flows were not met in 8 of 12 measurements made in 1987, 6 of 9 in
1988, 7 of 14 in 1989, and 0 of 7 in 1990. Clearly, the base flow of the
Little Spokane River is being severely compromised. This reduction
in base flow has mainly resulted from aquifer pumping, so the aquifer contributes less flow to the Little Spokane River. Reducing the
discharge into the Little Spokane increases the temperature above
the 16°C (60.8°F) surface water quality guidelines that the State of
Washington has established for the protection of salmonid fishes. At
times the water temperatures of the Little Spokane River in June to
August is above this level and as high as 22°C (71°F).
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21.5%
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Number of days in decade that discharge violated
WAC 173-555 minimum base discharges

700
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600

14.3%
500
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10.8%
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300

200
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n=140
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Figure 5.82

Oct 58 to
Sept 68

Oct 68 to
Sept 78

Oct 78 to
Sept 88

Oct 88 to
Sept 98

Oct 98 to
Sept 08

Number of days in each decade October 1948 to September 1958 to October 1998 to September 2008 discharge of the Little
Spokane River measured at the Dartford gauge violated minimum base flows established by WAC 173-555.
Table 5.__ Number of days in each decade October 1948 to September 1958 to October 1998 to September 2008 discharge of the
Little Spokane River measured at the Dartford gauge violated minimum base flows established by WAC 173-555.

The major problem with the Little Spokane River is that the
human population is increasing with its attendant demands for increasing supply of water. Perhaps it is time for Spokane and Pend
Oreille counties to consider establishing moratoriums on population growth in the Little Spokane watershed.
The following investigators (listed in order by date) have sampled fishes in the Little Spokane River and its tributaries: Gilbert
and Evermann (1895), Schultz and DeLacy (1935 / 1936), Spence
and Earnest (1961), WDG (1974), Simens (1976), Nielsen (1978),
Zook (1978), Hartung and Meier (1980, 1995), Kittle (1982), Lines
(1982), Peck (1986, 1988), Peden (1987), Pfeifer (1988), Whalen
(1992), Mongillo (1993), Johnson (1994, 1997), Mongillo and
Hallock (1995), Polacek and Baldwin (1999), Phillips and Divens
(2000), Scholz (2000, 2001, 2002, 2003), Divens et al. (2002a,
2002b, 2002c), McLellan (2002, 2003, 2004), McLellan et al. (2005),
Osbourne and Divens (2005).
Most of these investigators sampled fish at only one or a few
sites. Exceptions were:

1.

Hartung and Meier (1980, 1995) who conducted electrofishing surveys at 11 sites on the mainstem between
RKM 9 and RKM 27.2 in 1980 and 1985.

2.

Pfeiffer (1998) and Peck (1998) sampled a total of 222
fish between RKM 0 and RKM 13 in the mainstem by
conducting drift electrofishing surveys.

3.

Scholz (2000, 2001, 2002) who sampled 1,131 fish at 19
sites, 7 in the mainstem and 12 in tributaries in 1999,
2000, and 2001.

In the most comprehensive survey conducted to date, McLellan
(2002, 2003, 2004) sampled a total of 33,864 fishes at 291 sites in
the Little Spokane drainage from 2001–2003. McLellan (2003) collected 1,392 total fish at 28 sites sampled in the Little Spokane River
from RKM 0–85 in 2002. McLellan (2001) sampled 16 sites in Bear
Creek and collected 3,473 (n = 3,473 fish), 3 sites in Beaver Creek
(tributary of the West Branch Little Spokane River) (n = 764), 16

A. T. Scholz

467

Chapter 5

sites in Buck Creek (n = 887), 22 sites in Deer Creek (n = 4,510), 6
sites in Dry Creek (n = 1,424), 6 sites in Heel and Spring Heel creeks
(n = 374), 15 sites in Otter Creek (n = 2,640), and 8 sites in the West
Branch Little Spokane River (n = 970) in 2000. McLellan (2002)
sampled 11 sites in Beaver Creek (tributary of Dragoon Creek) and
collected 478 fish (n), 40 sites in Dragoon Creek (n = 4,658), 9 sites
in Little Deer Creek (n = 769), 2 sites in Spring Creek (n = 273), and
16 sites in the West Branch of Dragoon Creek (n = 2,197) in 2001.
McLellan (2003) sampled 5 sites in Burping Brook and collected
164 total fish (n), 5 sites in Dartford Creek (n = 1,028), 30 sites in
Deadman Creek (n = 4,484), 18 in Little Deep Creek (n = 1,726), 6
sites in North Fork Little Deep Creek (n = 382), 5 sites in Pell Creek
(n = 13), 11 sites in the South Fork Little Deep Creek (n = 561), and 6
sites in South Fork Deadman Creek (n = 463).
Lakes in the Little Spokane drainage were also sampled:
• Chain Lake in 1993 by Mongillo (1993) and in 1999 by
Polacek and Baldwin (1999);
• Bear Lake in 2004 by Osborne and Divens (2005);
• Eloika Lake in 1961 by Spence and Earnest (1961), 1978
by Zook (1978), and in 2000 by Divens et al. (2002a);
• Fan Lake in 2000 by Divens et al. (2002b);
• Horseshoe Lake in 1993 and 1995 by Mongillo and
Hallock (1995) and Hallock and Mongillo (1995), and
in 2004 by McLellan et al. (2005);
• Trout Lake in 1993 by Mongillo and Hallock (1995);
• Sacheen Lake in 2000 by Divens et al. (2002c); and
• Diamond Lake in 1999 by Phillips and Divens (2006b).
Most of the lake assessments were warm water fish surveys, that
employed a combination of electrofishing, gill nets, and fyke nets
to capture fish.
Collectively, these investigators have established that 34 species, representing 8 families, inhabit the Little Spokane River or its
tributaries, including:
• Cyprinidae: chiselmouth, carp, northern pikeminnow, longnose dance, speckled dace, redside shiner, tench;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;
• Ictaluridae: black bullhead, yellow bullhead, brown bullhead,
channel catfish;
• Esocidae: redfin pickerel;
• Salmonidae: pygmy whitefish, mountain whitefish, cutthroat
trout, rainbow trout, kokanee salmon, brown trout, brook
trout, lake trout;
• Cottidae: mottled sculpin, shorthead sculpin, slimy sculpin,
torrent sculpin;
• Centrarchidae: green sunfish, pumpkinseed, bluegill, smallmouth bass, largemouth bass, black crappie; and
• Percidae: yellow perch.

Of these extant species, it is probable that pygmy whitefish have
been extirpated since the last time any were observed was in 1993.
Pygmy whitefish were historically present in Horseshoe Lake in
1983 (Mongillo and Hallock 1995), Diamond Lake in 1917 (Kendall
1917, 1923), and the Little Spokane mainstem in 1980 (Hartung and
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Meier 1980) but have not been found in recent surveys in either
lake (McLellan et al. 2005; Phillips and Divens 2000b) or mainstem (Hartung and Meier 1985; Scholz 2000, 2001, 2002, 2003;
McLellan 2002, 2003, 2004).
In addition to these species, the Little Spokane River formerly
contained numerous anadromous Chinook salmon and steelhead
trout until commercial fishing in the Lower Columbia River depleted the supply of Chinook salmon (Gilbert and Evermann 1895;
Bryant and Parkhurst 1950; Fulton 1968) and Little Falls Dam, constructed on the Spokane mainstem in 1911, blocked all anadromous
species ascending the Little Spokane (Bryant and Parkhurst 1950;
Fulton 1970; Scholz et al. 1985). Before Little Falls Dam was constructed, Chain Lakes had an anadromous sockeye population,
which is believed to have developed into a small residual population
of kokanee, (WDOE, 1974. Summary of workshop findings on Little
Spokane River, Spokane, Washington, 10 December 1974. 10 pp).
A single burbot was collected out of Diamond Lake when it was
first treated with rotenone in 1959 (Scholz and McLellan 2010). This
is the only instance of a burbot caught in the Little Spokane drainage,
so it is unclear if burbot were native to the drainage. It seems probable that this burbot was illegally introduced into Diamond Lake.
Two white sucker (Catostomus commersonii) were captured
among a sample of 559 total fish collected at 7 sites in the Little
Spokane mainstem by Hartung and Meier (1995). Subsequent to
this collection no white sucker were sampled among 33,864 total
fish sampled at 249 sites in the Little Spokane drainage from 2001–
2003 by McLellan (2002, 2003, 2004) or among 1,131 fish sampled
by Scholz at 19 sites in the Spokane drainage from 1999–2001
(Scholz 2000, 2001, 2002), including most of the sites sampled by
Hartung and Meier. I infer that Hartung and Meier’s (1995) specimens were misidentified largescale sucker since the two species
closely resemble each other (Scholz and McLellan 2011).
Northern pike may also be present in the Little Spokane drainage. A note in Bob Peck’s (WDFW, District Fish Biologist, Region
1, Spokane, Washington) diary indicated that northern pike were
illegally stocked into Eloika Lake. John Whalen, Regional Fish
Biologist, Spokane, Washington later showed me a photograph of
some northern pike allegedly caught by an angler fishing in Eloika
Lake. An EWU student showed me a juvenile northern pike that
she told me was taken in Fan Lake. Both Eloika Lake and Fan lakes
are located in the West Branch Little Spokane River.
Grass carp were stocked in Reflection Lake during the 1990s to
control nuisance macrophytes. A water control structure was installed at the lake’s outlet to keep them in the lake. McLellan (2002,
2003, 2004) did not find any in his extensive sampling of the Little
Spokane drainage in 2001, 2002, and 2003, so they have apparently
remained confined in Reflection Lake.
A total of 4,326 fishes, representing 8 families and 31 species
were collected in the Little Spokane mainstem (Table 5.87). Relative
abundance of each species and the number sampled (n) was:
• Cyprinidae: 11.3% chiselmouth (n = 490), 0.2% carp (n = 7),
5.4% northern pikeminnow (n = 223), 1.1% longnose dace
(n = 48), 2.1% speckled dace (n = 90), 6.3% redside shiner
(n = 272), 0.7% tench (n = 31);
• Catostomidae: < 0.1% longnose sucker (n = 2), 12.8% bridgelip
sucker (n = 553), 6.2% largescale sucker (n = 267), < 0.1%
white sucker (n = 2), 1.5% unidentified sucker (n = 65);
• Ictaluridae: < 0.1% yellow bullhead (n = 2), 0.1% brown bullhead (n = 4);
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1932
2
2
BS (NR)
2
0
2
4
P
2
0
0
P
0
0
0
0
0
0
0
0
0
P
0
0
0
1
0
2
0
0
0
0
0
0
1,350

1980
6
3
EF (3.0)
273
7
134
0
0
56
4
1
324
168
0
2
0
3
2
26
48
0
44
0
1
0
167
0
0
0
4
1
5
3
77
11

1986
3
4
EF (NR)
2
0
0
1
0
1
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
6
0
0
0
0
0
0
0
0
222

168

61

535

1988†
1993 1994-1996 1995
RM 0-13
1
1
5
5
6
7
8
EF (0.5) GN (120) EF (NR)
EF (2.0)
17
1
0
64
0
0
0
0
0
15
0
17
0
0
0
22
0
0
0
0
2
0
0
9
0
20
0
0
P
0
0
0
0
0
0
133
P
1
10
10
0
0
2
0
63
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
127
8
48
10
0
0
1
0
11
0
0
38
0
8
0
0
0
0
0
0
0
0
0
0
0
0
0
230
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1
0
0
0
114
0
0
51

1999
1
9
GN (4)
4
0
16
0
0
3
1
0
0
4
0
0
0
0
0
0
1
0
2
16
0
0
0
0
0
0
0
0
0
0
4
354

1999-2002
7
10
EF (2.2)
17
0
3
2
17
19
0
0
9
18
0
0
0
1
0
0
5
0
5
182
3
47
0
0
P
25
0
0
0
0
0
1,451

2003
28
11
EF (NR)
110
0
46
19
63
110
6
0
86
54
0
0
2
0
6
0
18
0
184
0
1
474
12
4
0
237
3
2
4
0
10

11.3%
0.2%
5.4%
1.1%
2.1%
6.3%
0.7%
< 0.1%
12.8%
6.2%
< 0.1%
1.5%
< 0.1%
0.1%
0.2%
0.6%
6.3%
< 0.1%
6.6%
4.8%
0.1%
12.0%
9.6%
0.1%
0.5%
6.1%
0.2%
0.1%
0.2%
0.1%
4.7%

490
7
233
48
90
272
31
2
553
267
2
65
2
4
9
26
271
2
286
206
5
521
416
4
23
262
8
3
9
4
205

4,326 100.0%

RA (%)

Total

35-279
450-600
33-564
36-103
36-94
28-173
41-500
150
43-529
50-575
91-127
35-37
42-47
92-200
132-222
50-175
124-324
345
54-362
261-442
100-321
51-277
34-103
NR
NR
27-114
50-150
61-70
82-275
50-200
67-152

TL range
(mm)

References: ¹ Gilbert and Evermann (1895); ² Schultz and DeLacy (1935/1936); ³ Hartung and Meier (1980); ⁴ Peden (1987); ⁵ Pfeiffer (1988); Peck (1988); ⁶ Mongillo (1993); ⁷ Johnson (1994, 1997); ⁸ Hartung and
Meier (1995); ⁹ Polacek and Baldwin (1999); ¹⁰ Scholz (2000, 2001, 2002, 2003); ¹¹ McLellan (2004).

Notes: * Presence of Chinook salmon and steelhead trout was also noted; † Fishes collected using a drift boat electrofisher between RKM 0-21 (RM 0-13).

Total

1893*
2
1
BS (NR)
0
0
0
0
9
70
0
0
0
0
0
0
0
0
0
0
6
P
P
0
0
0
0
0
20
0
0
0
0
0
0

Fishes collected in the mainstem of the Little Spokane River. BS = beach seine, EF = electrofishing, GN = gillnetting, NR = not recorded, P = present. Data are arranged from left
to right by year of catch. Relative abundance (RA) is based on total catch. Total length (TL) ranges (in mm) of each species captured is also provided .

Year Sampled
# sites sampled
Reference
Method (effort hours)
Cyprinidae
chiselmouth
carp
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
Catostomidae
longnose sucker
bridgelip sucker
largescale sucker
white sucker
unidentified sucker
Ictaluridae
yellow bullhead
brown bullhead
Esocidae
redfin pickerel
Salmonidae
pygmy whitefish
mountain whitefish
cutthroat trout
rainbow trout
kokanee salmon
brown trout
brook trout
Cottidae
mottled sculpin
slimy sculpin
torrent sculpin
unidentified sculpin
Centrarchidae
pumpkinseed
bluegill
largemouth bass
black crappie
Percidae
yellow perch

Table 5.87
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• Esocidae: 0.2% redfin pickerel (n = 9);
• Salmonidae: 0.6% pygmy whitefish (n = 26), 6.3% mountain
whitefish (n = 271), < 0.1% cutthroat trout (n = 2), 6.6% rainbow trout (n = 286), 4.8% kokanee salmon (n = 206), 0.1%
brown trout, 12.0% brook trout (n = 521);
• Cottidae: 9.6% mottled sculpin (n = 486), 0.1% slimy sculpin
(n = 4), 0.5% torrent sculpin (n = 23). 6.1% unidentified
sculpin (n = 262);
• Centrarchidae: 0.2% pumpkinseed (n = 8), 0.1% bluegill (n = 3),
0.2% largemouth bass (n = 9), 0.1% black crappie (n = 4); and
• Percidae: 4.7% yellow perch (n = 2,056).

McLellan (2004) collected chiselmouth at 5, northern pikeminnow at 9, longnose dace at 7, speckled dace at 6, redside shiner at
7, tench at 2, bridgelip sucker at 10, largescale sucker at 12, yellow
bullhead at 1, redfin pickerel at 2, mountain whitefish at 6, rainbow
trout at 11, brown trout at 2, brook trout at 11, sculpin at 20, pumpkinseed at 2, bluegill at 2, largemouth bass at 1, and yellow perch
at 3 of 21 reaches that he sampled in the Little Spokane mainstem.
A total of 1,083 fish representing 2 families and 3 species were
collected in Dartford Creek (Table 5.88), including (by relative
abundance):
• Cyprinidae: 0.3% longnose dace (n = 3); and
• Salmonidae: 98.3% rainbow trout (n = 1,065), 1.45 brook trout
(n = 15).

A total of 4,477 fish, representing 4 families and 10 species, were
collected in Deadman Creek (Table 5.88), including (by relative
abundance):
• Cyprinidae: 0.2% chiselmouth (n = 11), 0.1% northern pikeminnow (n = 4), 4.4% longnose dace (n = 198), 11.8% speckled dace (n = 528), 26.6% redside shiner (n = 1,192);
• Catostomidae: 6.4% bridgelip sucker (n = 287);
• Salmonidae: 0.3% mountain whitefish (n = 12), 19.8% rainbow
trout (n = 887), 3.1% brook trout (n = 139); and
• Cottidae: 27.0% unidentified sculpin (n = 1,210).

A total of 164 fish were collected in Burping Brook, a tributary entering the upper reaches of Deadman Creek. Only two species were
collected: rainbow trout (n = 1) and brook trout (n = 163) (Table 5.88).
A total of 463 fish were collected in the South Fork of Deadman
Creek, only 3 types of fish were collected: rainbow trout (n = 162),
brook trout (n = 277), and unidentified sculpin (n = 19) (Table 5.88).
A total of 2,143 fish, representing 4 families and 7 species, were
collected from Little Deep Creek, a tributary entering the lower
reach of Deadman Creek (Table 5.88) comprised (by relative abundance) of:
• Cyprinidae:9.1% longnose dace (n = 195), 22.8% speckled dace
(n = 488), 19.3% redside shiner (n = 414);
• Catostomidae: 26.5% bridgelip sucker (n = 461);
• Salmonidae: 17.5% rainbow trout (n = 374); and
• Cottidae: 0.2% torrent sculpin (n = 5), 9.5% unidentified sculpin (n = 203).

A total of 382 fish were collected in the North Fork of Little
Deep Creek, comprised of 33.2% speckled dace (n = 127, 6.0% redside shiner (n = 23), 13.9% bridgelip sucker (n = 53), 41.1% rainbow
470

trout (n = 157), and 5.8% brook trout (n = 22) (Table 5.88). A total of
561 fish were collected in the South Fork Little Deep Creek, comprised of 1.1% speckled dace (n = 6), 0.9% redside shiner (n = 5),
97.7% rainbow trout (n = 548), and 0.4% brook trout (n = 2). A total
of 13 fish were collected in Pell Creek, a tributary of the South Fork
Deadman Creek (Table 5.88), all were rainbow trout.
A total of 4,476 fish, representing five families and 15 species,
were collected from the mainstem of Dragoon Creek (Table 5.88),
including (by relative abundance):
• Cyprinidae: 0.4% chiselmouth (n = 19), 0.5% northern pikeminnow (n = 22), 3.5% longnose dace (n = 164), 11.1% speckled dace (n = 514), 14.6% redside shiner (n = 680);
• Catostomidae: 4.5% bridgelip sucker (n = 211), 0.2% largescale
sucker (n = 9);
• Ictaluridae: < 0.1% brown bullhead (n = 1);
• Salmonidae: 1.7% mountain whitefish (n = 80), < 0.1% cutthroat trout (n = 2), 4.9% rainbow trout (n = 229), 2.2%
brown trout (n = 101), 14.5% brook trout (n = 672); and
• Cottidae: 0.2% mottled sculpin (n = 11), 0.2% torrent sculpin
(n = 7), 41.4% unidentified sculpin (n = 1,921).

A total of 2,204 fish were collected in the West Branch
Dragoon Creek, comprised of 1 chiselmouth, 6 longnose dace,
739 speckled dace, 591 redside shiner, 157 bridgelip sucker, 154
rainbow trout, 5 brown trout, 180 brook trout, 4 mottled sculpin, 3 torrent sculpin, and 364 unidentified sculpin (Table 5.88).
Forty-four fish were collected in Mud Creek, a tributary of
Dragoon Creek, all rainbow trout (Table 5.88). A total of 29 fish
were collected in Wethey Creek, a tributary of Dragoon Creek,
comprised of 1 mountain whitefish, 7 rainbow trout, 11 brown
trout, 6 brook trout, and 4 unidentified sculpin (Table 5.88). A
total of 748 fish were collected from Beaver Creek, tributary of
Dragoon Creek, comprised of 49.5% speckled dace (n = 370),
4.5% redside shiner (n = 34), 3.7% bridgelip sucker (n = 28), 0.9%
rainbow trout (n = 7), 0.3% brown trout (n = 2), 27.7% brook
trout (207), 0.5% mottled sculpin (n = 4), and 12.8% unidentified
sculpin (n = 96) (Table 5.88). A total of 273 fish were collected
in Spring Creek, a tributary of Dragoon Creek, comprised of
1.5% rainbow trout (n = 4), 0.4% brown trout (n = 1), 82.8% brook
trout (n = 226), 1.1% mottled sculpin (n = 4), and 13.9% unidentified sculpin (n = 38) (Table 5.88).
A total of 4,390 fish were collected in Deer Creek, comprised of
< 0.1% longnose dace (n = 1), 53.3% rainbow trout (n = 2,342), 37.5%
brook trout (n = 1,645), 0.1% mottled sculpin (n = 4), and 9.1% unidentified sculpin (n = 398) (Table 5.88). A total of 769 fish were
collected in Little Deer Creek, tributary of Deer Creek, comprised
of 91.3% rainbow trout (n = 731) and 8.7% brook trout (n = 70)
(Table 5.88).
A total of 5,050 fish, comprising seven families and 11 species
were collected in Bear Creek and Bear Lake (Table 5.88), including
(by relative abundance):
• Cyprinidae: 0.6% longnose dace (n = 28), 16.4% speckled dace
(n = 829);
• Catostomidae: 0.4% bridgelip sucker (n = 22), 0.3% unidentified sucker (n = 13);
• Ictaluridae: < 0.1% brown bullhead (n = 2);
• Salmonidae: 0.1% mountain whitefish (n = 6), 0.6% rainbow
trout (n = 30), 44.4% brook trout (n = 2,240);

Fishes of Eastern Washington: A Natural History

A. T. Scholz

Total

Percidae

Centrarchidae

Cottidae

Esocidae
Salmonidae

Ictaluridae

Catostomidae

chiselmouth
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
black bullhead
yellow bullhead
brown bullhead
channel catfish
Ictaluridae
redfin pickerel
pygmy whitefish
mountain whitefish
cutthroat trout
rainbow trout
kokanee salmon
brown trout
brook trout
lake trout
mottled sculpin
shorthead sculpin
slimy sculpin
torrent sculpin
unidentified sculpin
green sunfish
pumpkinseed
bluegill
smallmouth bass
largemouth bass
black crappie
yellow perch
45

1
1986
2
EF (NR)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
45
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
10

1
1992
3
EF (NR)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
10
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1,028

1,083 100.0%

Dartford Creek
5
2003
Total RA (%)
1
EF (NR)
0
0
0.0%
0
0
0.0%
3
3
0.3%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
1,010
1,065 98.3%
0
0
0.0%
0
0
0.0%
15
15
1.4%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
109-138
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
32-237
0
0
73-161
0
0
0
0
0
0
0
0
0
0
0
0
0

TL range
(mm)

14

1
1983
4
EF (NR)
0
P
0
0
P
0
0
0
0
P
0
0
0
0
4
0
0
0
0
6
0
0
0
0
0
0
0
0
P
0
0
0
0
0
0
0
79

4
1999
5
EF (0.8)
0
0
15
0
0
0
0
5
0
0
0
0
0
0
0
0
0
0
0
39
0
0
17
0
0
0
0
0
3
0
0
0
0
0
0
0

4,477 100.0%

Table 5.88 continued on next page

4,384

Deadman Creek
30
2003
TL range
Total RA (%)
(mm)
1
EF (NR)
11
11
0.2%
45-192
3
4
0.1%
103-132
183
198
4.4%
46-114
528
528 11.8%
35-100
1,191
1,192 26.6%
31-122
0
0
0.0%
0
0
0
0.0%
282
287
6.4%
45-222
0
0
0.0%
0
0
1
< 0.1%
NR
0
0
0.0%
0
0
0
0.0%
0
0
0
0.0%
0
0
0
0.0%
0
0
4
0.1%
120-125
0
0
0.0%
0
0
0
0.0%
0
12
12
0.3%
94-195
0
0
0.0%
0
842
887 19.8%
29-349
0
0
0.0%
0
0
0
0.0%
0
122
139
3.1%
49-212
0
0
0.0%
0
4
4
0.1%
NR
0
0
0.0%
0
0
0
0.0%
0
0
0
0.0%
0
1,206
1,210 27.0%
22-125
0
0
0.0%
0
0
0
0.0%
0
0
0
0.0%
0
0
0
0.0%
0
0
0
0.0%
0
0
0
0.0%
0
0
0
0.0%
0

Fishes collected in tributaries of the Little Spokane River. BS = beach seine, EF = electrofishing, GN = gillnetting, FN = fyke netting, NR = not recorded, P = present. Data are arranged from left to right by tributary, proceeding from left to right lowest to highest tributary connected to the Little Spokane River and date of
collection. Relative abundance (RA) is based on total number of fish collected in each tributary. Total length (TL) range (in mm) is also provided. BL = Bear Lake,
EL = Eloika Lake, FL = Fan Lake, HL = Horseshoe Lake, TL = Trout Lake, SL = Sacheen Lake, DL = Diamond Lake. (Page 1 of 7.)

Tributary
No. of sites sampled
Year
Reference
Method (effort hours)
Cyprinidae
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Total

Percidae

Centrarchidae

Cottidae

Esocidae
Salmonidae

Ictaluridae

Catostomidae

No. of sites sampled
Year
Reference
Method (effort hours)
Cyprinidae

Tributary

chiselmouth
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
black bullhead
yellow bullhead
brown bullhead
channel catfish
Ictaluridae
redfin pickerel
pygmy whitefish
mountain whitefish
cutthroat trout
rainbow trout
kokanee salmon
brown trout
brook trout
lake trout
mottled sculpin
shorthead sculpin
slimy sculpin
torrent sculpin
unidentified sculpin
green sunfish
pumpkinseed
bluegill
smallmouth bass
largemouth bass
black crappie
yellow perch

1

18

12

205

1,926

1932 1999/2000 2003
6
5, 7
1
BR (NR) EF (1.2)
EF (NR)
0
0
0
0
0
0
2
12
181
2
63
423
4
68
342
0
0
0
0
0
0
2
36
423
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3
0
0
0
2
26
346
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5
0
0
203
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2

0
0
36-128
23-130
25-122
0
0
29-347
0
0
0
0
0
0
0
0
0
60-75
0
64-316
0
0
0
0
0
0
0
NR
43-164
0
0
0
0
0
0
0

0
0
195
488
414
0
0
461
0
0
0
0
0
0
0
0
0
3
0
374
0
0
0
0
0
0
0
5
203
0
0
0
0
0
0
0
2,143 100.0%

0.0%
0.0%
9.1%
22.8%
19.3%
0.0%
0.0%
21.5%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.1%
0.0%
17.5%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.2%
9.5%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

TL range
(mm)

Total RA (%)

Little Deep Creek

382

9
2003
1
EF (NR)
0
0
0
127
23
0
0
53
0
0
0
0
0
0
0
0
0
0
0
157
0
0
22
0
0
0
0
0
0
0
0
0
0
0
0
0
100.0%

0.0%
0.0%
0.0%
33.2%
6.0%
0.0%
0.0%
13.9%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
41.1%
0.0%
0.0%
5.8%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

RA (%)

Little Deep Creek
(South Fork)

561

100.0%

13

100.0%

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
100.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

RA (%)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
35-119
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

TL range
(mm)

Pell Creek

Table 5.88 continued on next page

0

11
4
2003
2003
TL range
TL range
RA (%)
(mm)
(mm)
1
1
EF (NR)
EF (NR)
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
30-88
6
1.1%
59-92
0
29-111
5
0.9%
78-94
0
0
0
0.0%
0
0
0
0
0.0%
0
0
28-99
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
34-203
548
97.7% 24-203
13
0
0
0.0%
0
0
0
0
0.0%
0
0
87-203
2
0.4% 159-160
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0
0
0
0.0%
0
0

Little Deep Creek
(North Fork)

Table 5.88 continued Fishes collected in tributaries of the Little Spokane River. BS = beach seine, EF = electrofishing, GN = gillnetting, FN = fyke netting, NR = not recorded, P = present. (Page 2 of 7.)
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Total
463

Burping Brook

100.0%

164

100.0%

8

12

147

0.4%
0.5%
3.5%
11.1%
14.6%
0.0%
0.0%
4.5%
0.2%
0.0%
0.0%
0.0%
< 0.1%
0.0%
0.0%
0.0%
0.0%
1.7%
0.0%
4.9%
0.0%
2.2%
14.5%
0.0%
0.2%
0.0%
0.0%
0.2%
41.4%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
4,476 4,643 100.0%

19
22
164
514
680
0
0
211
9
0
0
0
1
0
0
0
0
80
2
229
0
101
672
0
11
0
0
7
1,921
0
0
0
0
0
0
0
65-270
54-515
48-142
27-105
19-129
0
0
42-365
383-500
0
0
0
145
0
0
0
0
86-376
NR
43-357
0
61-371
37-295
0
NR
0
0
NR
24-167
0
0
0
0
0
0
0

< 0.1%
0.0%
0.3%
33.5%
26.8%
0.0%
0.0%
7.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
7.0%
0.0%
0.2%
8.2%
0.0%
0.2%
0.0%
0.0%
0.1%
16.5%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0

NR
0
76-96
26-89
22-129
0
0
26-163
0
0
0
0
0
0
0
0
0
0
0
55-264
0
92-234
61-275
0
NR
0
0
NR
32-143
0
0
0
0
0
0
0

44

100.0%

1
TL
1982
RA (%) range
8
(mm)
EF (NR)
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
44 100.0% 25-203
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0.0%
0

Mud Creek

Table 5.88 continued on next page

2,204 100.0%

EF (NR)
1
0
6
739
591
0
0
157
0
0
0
0
0
0
0
0
0
0
0
154
0
5
180
0
4
0
0
3
364
0
0
0
0
0
0
0

TL
range
(mm)

West Branch
Dragoon Creek

16
TL range 2002
Total RA (%)
RA (%)
(mm)
10

Dragoon Creek

5
2
1
3
40
TL
TL
2003
1932 1982 2001 2002
RA (%) range
RA (%) range
1
6
8
9
10
(mm)
(mm)
EF (NR)
EF (NR) EF (NR) EF (2.1) EF (NR)
0.0%
0
0
0.0%
0
0
0
0
19
0.0%
0
0
0.0%
0
0
1
1
20
0.0%
0
0
0.0%
0
0
0
0
164
0.0%
0
0
0.0%
0
0
0
1
513
0.0%
0
0
0.0%
0
0
8
0
672
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
2
209
0.0%
0
0
0.0%
0
0
0
0
9
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
1
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
80
0.0%
0
0
0.0%
0
2
0
0
0
35.0% 29-203
1
0.6% 169
0
0
40
189
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
101
59.8% 36-205 163 99.4% 42-184
4
0
15
653
0.0%
0
0
0.0%
0
0
0
0
0
1.1% NR
0
0.0%
0
0
0
0
11
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
2
0
0
5
4.1% 48-88
0
0.0%
0
0
3
88
1,830
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0

Deadman Creek
(South Fork)

6
No. of sites sampled
Year
2003
Reference
1
Method (effort hours)
EF (NR)
Cyprinidae
chiselmouth
0
northern pikeminnow
0
longnose dace
0
speckled dace
0
redside shiner
0
tench
0
Catostomidae
longnose sucker
0
bridgelip sucker
0
largescale sucker
0
unidentified sucker
0
Ictaluridae
black bullhead
0
yellow bullhead
0
brown bullhead
0
channel catfish
0
Ictaluridae
0
Esocidae
redfin pickerel
0
Salmonidae
pygmy whitefish
0
mountain whitefish
0
cutthroat trout
0
rainbow trout
162
kokanee salmon
0
brown trout
0
brook trout
277
lake trout
0
Cottidae
mottled sculpin
5
shorthead sculpin
0
slimy sculpin
0
torrent sculpin
0
unidentified sculpin
19
Centrarchidae
green sunfish
0
pumpkinseed
0
bluegill
0
smallmouth bass
0
largemouth bass
0
black crappie
0
Percidae
yellow perch
0

Tributary

Table 5.88 continued Fishes collected in tributaries of the Little Spokane River. BS = beach seine, EF = electrofishing, GN = gillnetting, FN = fyke netting, NR = not recorded, P = present. (Page 3 of 7.)
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Total

Tributary
No. of sites sampled
Year
Reference
Method (effort hours)
Cyprinidae
chiselmouth
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
Catostomidae
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
Ictaluridae
black bullhead
yellow bullhead
brown bullhead
channel catfish
Ictaluridae
Esocidae
redfin pickerel
Salmonidae
pygmy whitefish
mountain whitefish
cutthroat trout
rainbow trout
kokanee salmon
brown trout
brook trout
lake trout
Cottidae
mottled sculpin
shorthead sculpin
slimy sculpin
torrent sculpin
unidentified sculpin
Centrarchidae
green sunfish
pumpkinseed
bluegill
smallmouth bass
largemouth bass
black crappie
Percidae
yellow perch
29
100.0%

748

100.0%

273

100.0%

24

Beaver Creek
Spring Creek
Wethey Creek
13
2
1
3
2002
TL range 2002
TL range 2002
TL range 1978
RA (%)
RA (%)
RA (%)
(mm)
(mm)
(mm)
10
11
11
10
EF (NR)
EF (NR)
EF (NR)
EF (0.7)
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
370
49.5%
24-104
0
0.0%
0
0
0
0.0%
0
34
4.5%
34-145
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
28
3.7%
44-190
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
1
3.4%
139
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
7
24.1% 78-139
7
0.9%
46-59
4
1.5%
133-168
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
11
37.9% 85-161
2
0.3%
206-216
1
0.4%
180
0
6
20.7% 102-134
207
27.7%
43-296
226
82.8%
57-217
24
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
4
0.5%
NR
4
1.5%
NR
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
4
13.8% 55-80
96
12.8%
26-137
38
13.9%
47-103
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0.0%
0
0
56

1
2001
9
EF (0.5)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
31
0
0
17
0
0
0
0
0
8
0
0
0
0
0
0
0

0
0
72
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
27-232
0
0
32-284
0
NR
0
0
0
24-112
0
0
0
0
0
0
0

0.0%
0.0%
< 0.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
53.3%
0.0%
0.0%
37.5%
0.0%
0.1%
0.0%
0.0%
0.0%
9.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
4,390 100.0%

TL range
(mm)
RA (%)

Table 5.88 continued on next page

4,310

Deer Creek
22
2001
Total
12
EF (NR)
0
0
0
0
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2,311 2,342
0
0
0
0
1,604 1,645
0
0
4
4
0
0
0
0
0
0
390
398
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Table 5.88 continued Fishes collected in tributaries of the Little Spokane River. BS = beach seine, EF = electrofishing, GN = gillnetting, FN = fyke netting, NR = not recorded, P = present. (Page 4 of 7.)
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Total

Tributary
No. of sites sampled
Year
Reference

32

769

801 100.0%

0

3,473

20

1,557

Bear Creek
Bear Lake
Little Deer Creek
11
16
7
7
1
2001
1975
2004
1999/2000 2002
TL
10
12
13
14
5, 7
Total RA (%) range
(mm)
EF( )
EF (NR) GN (2) GN ( ) FN ( )
Method (effort hours)
EF (0.3) EF (NR)
Cyprinidae
chiselmouth
0
0
0
0.0%
0
0
0
0
northern pikeminnow
0
0
0
0.0%
0
0
0
0
longnose dace
0
0
0
0.0%
0
28
0
0
speckled dace
0
0
0
0.0%
0
829
0
0
redside shiner
0
0
0
0.0%
0
0
0
0
tench
0
0
0
0.0%
0
0
0
0
Catostomidae
longnose sucker
0
0
0
0.0%
0
0
0
0
bridgelip sucker
0
0
0
0.0%
0
22
0
0
largescale sucker
0
0
0
0.0%
0
0
0
0
unidentified sucker
0
0
0
0.0%
0
13
0
0
Ictaluridae
black bullhead
0
0
0
0.0%
0
0
0
0
yellow bullhead
0
0
0
0.0%
0
0
0
0
brown bullhead
0
0
0
0.0%
0
0
0
2
channel catfish
0
0
0
0.0%
0
0
0
0
Ictaluridae
0
0
0
0.0%
0
0
0
0
Esocidae
redfin pickerel
0
0
0
0.0%
0
0
0
0
Salmonidae
pygmy whitefish
0
0
0
0.0%
0
0
0
0
mountain whitefish
0
0
0
0.0%
0
6
0
0
cutthroat trout
0
0
0
0.0%
0
0
0
0
rainbow trout
24
707
731 91.3% 30-221
17
0
13
kokanee salmon
0
0
0
0.0%
0
0
0
0
brown trout
0
0
0
0.0%
0
0
0
0
brook trout
8
62
70
8.7% 42-219
2,240
0
0
lake trout
0
0
0
0.0%
0
0
0
0
Cottidae
mottled sculpin
0
0
0
0.0%
0
0
0
0
shorthead sculpin
0
0
0
0.0%
0
0
0
0
slimy sculpin
0
0
0
0.0%
0
2
0
0
torrent sculpin
0
0
0
0.0%
0
0
0
0
unidentified sculpin
0
0
0
0.0%
0
305
0
0
Centrarchidae
green sunfish
0
0
0
0.0%
0
11
0
83
pumpkinseed
0
0
0
0.0%
0
0
0
0
bluegill
0
0
0
0.0%
0
0
0
0
smallmouth bass
0
0
0
0.0%
0
0
0
0
largemouth bass
0
0
0
0.0%
0
0
2
60
black crappie
0
0
0
0.0%
0
0
0
0
Percidae
yellow perch
0
0
0
0.0%
0
0
18
1,399
0.0%
0.0%
0.6%
16.4%
0.0%
0.0%
0.0%
0.4%
0.0%
0.3%
0.0%
0.0%
< 0.1%
0.0%
0.0%
0.0%
0.0%
0.1%
0.0%
0.6%
0.0%
0.0%
44.4%
0.0%
0.0%
0.0%
0.0%
0.0%
6.0%
1.9%
0.0%
0.0%
0.0%
1.2%
0.0%
28.1%
5,050 100.0%

0
0
28
829
0
0
0
22
0
13
0
0
2
0
0
0
0
6
0
30
0
0
2,240
0
0
0
2
0
305
94
0
0
0
62
0
1,417
0
0
48-109
21-100
0
0
0
61-208
0
48-64
0
0
263-392
0
0
0
0
103-116
0
82-487
0
0
45-260
0
0
0
0
0
23-100
37-217
0
0
0
95-454
0
55-223

West Branch Little Spokane River
8
EL
EL
EL
2001 1961
1978
2000
12
15
16
17

37

118

320

933

Table 5.88 continued on next page

955

EF (2)
EF (2.5)
EF (0.5) EF (NR) GN (36) GN (48) GN (96) FN (96)
0
0
0
0
0
0
0
0
0
0
0
171
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
3
29
277
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
124
0
0
0
0
0
0
0
1
20
180
0
30
32
0
0
0
0
16
0
0
0
0
0
0
0
23
0
0
0
7
0
23
16
0
0
0
0
0
0
15
0
0
0
0
0
0
0
0
0
25
0
0
4
0
0
0
0
0
7
62
0
0
3
0
0
0
0
0
0
0
0
0
13
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
208
0
0
0
0
0
0
0
2
6
6
24
51
265
1
1
0
0
0
0
0
0
2
0
1
132
1
87
122
0
0
33
10
60
1
24
34
88
122

1
1999
TL range
5
Total RA (%)
(mm)

Bear Creek and Lake

Table 5.88 continued Fishes collected in tributaries of the Little Spokane River. BS = beach seine, EF = electrofishing, GN = gillnetting, FN = fyke netting, NR = not recorded, P = present. (Page 5 of 7.)
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Fishes of Eastern Washington: A Natural History

Total

Method (effort hours)
Cyprinidae
chiselmouth
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
Catostomidae
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
Ictaluridae
black bullhead
yellow bullhead
brown bullhead
channel catfish
Ictaluridae
Esocidae
redfin pickerel
Salmonidae
pygmy whitefish
mountain whitefish
cutthroat trout
rainbow trout
kokanee salmon
brown trout
brook trout
lake trout
Cottidae
mottled sculpin
shorthead sculpin
slimy sculpin
torrent sculpin
unidentified sculpin
Centrarchidae
green sunfish
pumpkinseed
bluegill
smallmouth bass
largemouth bass
black crappie
Percidae
yellow perch

Tributary
No. of sites sampled
Year
Reference

862

1993
19

2000
21

1999
22

West Branch Little Spokane River
TL
SL
DL

2004
20

HL

64

721

55

2,175

1,647

EF (2) GN
EF (2) GN EF (2.5) GN
GN (204) (298) FN (96) GN (132) (96) FN (96) (96) FN (70)
0
0
0
0
0
0
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
95
1
109
0
3
4
20
0
0
2
0
0
0
0
0
36
0
0
0
0
0
0
0
0
0
0
0
0
0
0
50
0
139
0
0
9
2
892
148
0
0
0
0
0
0
0
0
0
0
0
9
0
0
0
1
0
0
0
0
1
4
0
0
0
0
0
0
0
0
2
7
10
0
3
15
10
0
0
0
1
0
0
1
0
0
6
0
39
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
140
8
209
246
6
94
0
1
15
1
0
0
0
0
0
0
0
0
0
0
119
0
424
84
0
3
0
58
1
29
131
14
303
1,150

1993
19

2000
18
EF (2.5)
GN (48) FN (48)
0
0
0
0
0
137
0
0
0
0
0
139
0
0
0
60
0
0
0
1
0
0
0
0
0
0
0
0
0
18
112
0
0
55
3
337

HL

FL

7,887

0
4
171
0
0
652
27
2
36
124
1
590
1,067
0
23
115
1
20
0
52
25
74
45
15
0
0
0
0
208
624
580
3
2
1,025
168
2,233

Total

100.0%

0.0%
0.1%
2.2%
0.0%
0.0%
8.3%
0.3%
< 0.1%
0.5%
1.6%
< 0.1%
7.5%
13.5%
0.0%
0.3%
1.5%
< 0.1%
0.3%
0.0%
0.7%
0.3%
0.9%
0.6%
0.2%
0.0%
0.0%
0.0%
0.0%
2.6%
7.9%
7.4%
< 0.1%
< 0.1%
13.0%
2.1%
28.3%

RA (%)
RA (%)

764

100.0%

EF (NR)
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
21
2.7%
0
0.0%
0
0.0%
743
97.3%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%
0
0.0%

2001
12

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
77-114
0
0
37-194
0
0
0
0
0
0
0
0
0
0
0
0
0

TL range
(mm)

Beaver Creek

Table 5.88 continued on next page

0
42-569
0
0
0
19-470
198-423
0
299-545
24-84
210
16-326
130-333
203-343
26-369
0
82-280
259-306
0
42-585
220-312
55-670
200-375
342-795
0
0
0
0
24-92
44-202
25-227
28-54
NR
33-556
40-303
40-266

TL range
(mm)

3

Table 5.88 continued Fishes collected in tributaries of the Little Spokane River. BS = beach seine, EF = electrofishing, GN = gillnetting, FN = fyke netting, NR = not recorded, P = present. (Page 6 of 7.)
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272

1
2000
9
EF (0.64)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
185
61
0
3
0
0
18
0
0
4
0
0
0
0
0
0
0
887

1,159 100.0%

374

100.0%

29

Heel/Spring Heel creeks
Buck Creek
7
1
15
2001
1974
2001
TL range
TL range
Total RA (%)
RA (%)
(mm)
(mm)
12
23
12
EF
(NR)
EF
(NR)
EF (NR)
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
4
1.1%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
1
0.1%
119
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
743
928 80.1% 30-245
0
0.0%
0
19
1
62 5.3% 220-312
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
3
0.3% 133-211
369
98.7% 32-209
10
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
18 1.6% 31-83
0
0.0%
0
0
4
4
0.3%
NR
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
139
143 12.3% 37-93
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
1
0.3%
0
0
0
0
0.0%
0
0
0.0%
0
0
0
0
0.0%
0
0
0.0%
0
0
2,152

2,181 100.0%

1,424

100.0%

Otter Creek
Dry Creek
14
6
2001
TL range 2001
TL range
Total RA (%)
RA (%)
(mm)
(mm)
12
12
EF (NR)
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
11
0.8%
35-64
0
0
0.0%
0
1
0.1%
52
150
150
6.9%
39-99
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
21
21
1.0%
98-119
2
0.1%
118-135
0
19
0.9%
84-236
507
35.6%
33-323
0
0
0.0%
0
0
0.0%
0
1
1
< 0.1%
95
1
0.1%
111
1,642
1,652 75.7% 32-286
474
33.3%
41-291
0
0
0.0%
0
0
0.0%
0
4
4
0.2%
NR
2
0.1%
NR
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
2
0.1%
NR
334
334
15.3% 21-114
419
29.4%
25-135
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
5
0.4%
78-84
0
0
0.0%
0
0
0.0%
0
0
0
0.0%
0
0
0.0%
0

References: ¹ McLellan (2004); ² Peck (1986); ³ Whalen (1992); ⁴ Kittle (1982); ⁵ Scholz (2000); ⁶ Schultz and DeLacy (1935/1936); ⁷ Scholz (2001); ⁸ Lines (1982); ⁹ Scholz (2002); ¹⁰ McLellan (2003a, 2003b);
¹¹ Nielson (1978); ¹² McLellan (2002); ¹³ Simons (1976); ¹⁴ Osborne and Divens (2005); ¹⁵ Spence and Earnest (1961); ¹⁶ Zook (1978); ¹⁷ Divens et al. (2002a); ¹⁸ Divens et al. (2002b); ¹⁹ Mongillo and Hallock
(1995), Mongillo (1993); ²⁰ McLellan et al. (2005); ²¹ Divens et al. (2002c); ²² Phillips and Divens (2000); ²³ WDG (1974).

Total

Tributary
No. of sites sampled
Year
Reference
Method (effort hours)
Cyprinidae
chiselmouth
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
Catostomidae
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
Ictaluridae
black bullhead
yellow bullhead
brown bullhead
channel catfish
Ictaluridae
Esocidae
redfin pickerel
Salmonidae
pygmy whitefish
mountain whitefish
cutthroat trout
rainbow trout
kokanee salmon
brown trout
brook trout
lake trout
Cottidae
mottled sculpin
shorthead sculpin
slimy sculpin
torrent sculpin
unidentified sculpin
Centrarchidae
green sunfish
pumpkinseed
bluegill
smallmouth bass
largemouth bass
black crappie
Percidae
yellow perch

Table 5.88 concluded Fishes collected in tributaries of the Little Spokane River. BS = beach seine, EF = electrofishing, GN = gillnetting, FN = fyke netting, NR = not recorded, P = present. (Page 7 of 7.)
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• Cottidae: < 0.1% slimy sculpin (n = 2), 6.0% unidentified sculpin (n = 305);
• Centrarchidae: (n = 1.9% green sunfish (n = 94), 1.2% largemouth bass (n = 62); and
• Percidae: (n = 28.1% yellow perch (n = 1,417).

All of the cyprinids, catostomids, sculpins and all but 13 rainbow trout were collected in Bear Creek. All of the centrarchids and
percids were collected in Bear Lake.
A total of 7,887 fish, representing eight families and 26 species
were collected in the West Branch Little Spokane River which included 992 fish sampled in river locations in the mainstem and 6,895
sampled in various lakes in the drainage. Fishes that were collected
in lakes included 1,371 fish sampled in Eloika Lake, 862 fish sampled
in Fan Lake, 785 fish sampled in Horseshoe lake, 2,175 fish sampled
in Sacheen Lake, and 1,647 in Diamond Lake. Families and species
sampled in the West Branch included (by relative abundance):
• Cyprinidae: 0.1% northern pikeminnow (n = 4), 2.2% longnose dace (n = 171), 8.3% tench (n = 652);
• Catostomidae: 0.3% longnose sucker (n = 27), < 0.1% bridgelip
sucker (n = 2), 0.5% largescale sucker (n = 36), 1.6% unidentified sucker (n = 124);
• Ictaluridae: 1.5% redfin pickerel (n = 115);
• Salmonidae: < 0.1% pygmy whitefish (n = 1), 0.3% mountain
whitefish (n = 20), 0.7% rainbow trout (n = 52), 0.3% kokanee salmon (n = 25), 0.9% brown trout (n = 74), 0.6% brook
trout (n = 45), 0.2% lake trout (n = 15);
• Cottidae: 2.6% unidentified sculpin (n = 208);
• Centrarchidae: 7.9% green sunfish (n = 624), 7.4% pumpkinseed (n = 580), < 0.15 bluegill (n = 3), < 0.1% smallmouth
bass (n = 3), 13.0% largemouth bass (n = 1,025), 2.1% black
crappie (n = 168); and
• Percidae: 28.3% yellow perch (n = 2,233).

A total of 764 fish were sampled in Beaver Creek, tributary of the
West Branch Little Spokane River, comprised of only 2 species: 2.7%
rainbow trout (n = 21) and 97.3% brook trout (n = 743) (Table 5.88).
A total of 1,159 fish were sampled in Buck Creek, an inlet
tributary of Horseshoe Lake, comprised of 80.1% rainbow trout
(n = 928), 5.3% kokanee salmon (n = 62), 1.6% shorthead sculpin
(n = 18), 0.3% slimy sculpin (n = 4), and 12.3% unidentified sculpin
(n = 143) (Table 5.88). Most of the kokanee were collected during
their fall spawning migration from Horseshoe Lake.
A total of 379 fish were sampled in Heel and Spring Heel creeks,
comprised of 1.1% yellow bullhead (n = 4), 98.7% brook trout
(n = 369), and 0.2% largemouth bass (n = 1).
Washington Department of Fish and Wildlife conducted creel
surveys in the Little Spokane River mainstem from 1948–1957,
1959–1960, 1962–1963, 1967–1978, 1984–1990, and 1992–1996.
During the 38 years that records were kept, 151 checks were made
and 1,027 anglers were interviewed. They caught a total of 1,329 fish
(1.3 fish ⁄ angler), comprised of 1.0% bullhead (n = 14), 15.5% mountain whitefish (n = 206), 57.7% rainbow trout (n = 765), 0.2% brown
trout (n = 3), 17.4% brook trout (n = 231), 3.1% sunfish (n = 4), 0.3%
largemouth bass (n = 7), 0.45 crappie (n = 5), and 4.2% yellow perch
(n = 57). A winter fishery for mountain whitefish near Dartford
had developed since 1978.
Washington Department of Fish and Wildlife conducted creel
surveys in Deadman Creek, tributary of the Little Spokane River,
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in 1949–1955 and 1971. During the eight years that records were
kept 20 checks were made. A total of 111 anglers were interviewed
with 264 fish caught (2.4 fish ⁄ angler), comprised of 96% rainbow
trout (n = 255) and 4% brook trout (n = 10).
Washington Department of Fish and Wildlife conducted creel
surveys in Deer Creek, tributary of the Little Spokane River, in
1952–1953, 1957, and 1970. During the four years that records were
kept six checks were made. A total of 24 anglers were interviewed
with 151 fish caught (6.3 fish ⁄ angler), comprised of 45 rainbow
trout (n = 6) and 96% brook trout (n = 145).
Washington Department of Fish and Wildlife conducted creel
surveys in Dragoon Creek, tributary of the Little Spokane River, in
1949–1950, 1952–1955, 1957–1958, 1960, 1962–1964, 1967, 1986, and
1991. During the 15 years that records were kept 28 checks were made.
A total of 173 anglers were interviewed with 299 fish caught (1.7 fish/
angler), comprised of 48% rainbow trout (n = 143) and 525 brook trout
(n = 156). Mud, Wethey, and Beaver creeks, tributaries of Dragoon
Creek, were surveyed in 1960 (Mud), 1962 and 1971 (Wethey), and
1960–1962 (Beaver) respectively. A total of seven creek checks were
made with 15 anglers interviewed, who caught a total of 43 fish (2.9
fish ⁄ angler), comprised of 12 rainbow trout and 31 brook trout.
Washington Department of Fish and Wildlife conducted creel
surveys in Bear Creek, tributary of the Little Spokane River in 1951,
1953, 1955, 1957, 1963, 1967, and 1972. During the seven years that records were kept eight checks were made. A total of 14 anglers were
interviewed with 59 brook trout (4.2 brook trout/angler).
WDFW conducted creel surveys in Buck, Spring Heel, and Moon
creeks, tributaries of the West Branch Little Spokane River. At Buck
Creek, creel surveys in 1958, 1962, and 1971 (n = 3 checks) yielded 3
anglers who had caught 15 fish (5.0 fish ⁄ angler), comprised of 14
rainbow trout and 1 brook trout. At Spring Heel Creek, creel surveys in 1952, 1957, and 1961 (n = 3 checks) yielded 7 anglers who had
caught 31 fish (4.4 fish ⁄ angler) comprised of 2 rainbow trout and
29 brook trout. At Moon Creek, creel surveys in 1955, 1957, 1961, and
1969 (n = 5 checks) yielded 11 anglers who had caught 55 fish (5.0
fish ⁄ angler) comprised of 5 rainbow trout and 50 brook trout.
Washington Department of Fish and Wildlife conducted
creel surveys in Otter Creek, tributary of the Little Spokane
River in 1963. Two checks were made. Eleven anglers were interviewed with 19 fish (1.7 fish ⁄ angler) comprised of 9 bullhead
and 10 yellow perch.

Tributaries that Enter the Spokane River between
Nine Mile and Monroe Street Dams
Deep/Coulee Creeks
Deep Creek enters the Spokane River on the south bank in Nine
Mile Reservoir. Deep Creek arises as North and South forks near
Reardan, Washington and flows 35.8 km in a northeasterly direction
through Lincoln and Spokane counties to join the Spokane River
at river RKM 95.0 (RM 59.3). A 3 m high falls/chute at RKM 30.4
may be a barrier to migratory fishes. Deep Creek subsurfaces before reaching the Spokane River and the lower 8.5 km of streambed
is typically dry throughout the year (McLellan 2005). Water flows
through this reach only during the spring / early summer months
during the wettest years (e.g., 1997, 2010, 2011). Between RKM 8.5
and 17.7 Deep Creek is intermittent, however pockets of water remain in this section and act as refugia for fish (McLellan 2005).
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Coulee Creek is the only tributary of Deep Creek. It arises northeast of Reardan, Washington and flows 27.4 km (17.1 mi) to join Deep
Creek at RKM 1.4 (RM 0.8) on the left (west) bank. The lower 5.5 km
of Coulee Creek is dry typically throughout the year and the reach
between RKM 5.5-11.0 is intermittent. Water flows through those
reaches only during the wettest years (McLellan 2005).
Fish distribution in Deep and Coulee creeks was described by
Schultz and Bowers (1932) in Schultz and DeLacy (1935 / 1936), Scholz
(1985, 2004), Peck (1993), and McLellan (2005). Schultz and Bowers
(1932) seined Deep Creek below Deep Creek Falls/Chute near where
Deep Creek crosses U. S. Highway 2 at RKM 30.4 in 1932. Scholz
(1985) sampled fish at the same location by backpack electrofishing. Peck (1993) sampled three locations in Deep Creek and one in
Coulee Creek in 1990 and 1993 using a backpack electrofisher. Scholz
(2004) sampled two locations in Deep Creek and two locations in
Coulee Creek by backpack electrofishing in 2003. McLellan (2005)
sampled 21 sites in Deep Creek and 20 sites in Coulee Creek by backpack electrofishing in 2004. Each site was 100 m in length with block
nets placed at the upstream and downstream ends of each site.
Two families and five species were collected in Deep and
Coulee creeks by the above investigators. A total of 7,437 fish were
collected (Table 5.89), comprised of by relative abundance:
• Cyprinidae: 81.8% speckled dace (n = 6,084); and
• Salmonidae: < 0.1% cutthroat trout (n = 3), 16.5% rainbow
trout (n = 1,225), < 0.1% brown trout (n = 5), and 1.6% brook
trout (n = 120).

All these species were present in Deep Creek; only speckled
dace and rainbow trout were present in Coulee Creek. The fish collected by Schultz and Bowers (1932) were published in Schultz and
DeLacy (1935 / 1936). Schultz subdivided the collection between the
University of Washington (UW) Fish Collection and the University
of Michigan Museum of Zoology (UMMZ): speckled dace (50 to
UW, 233 to UMMZ), cutthroat trout (1 to UW, 2 to UMMZ), and rainbow trout (2 to UW, 4 to UMMZ).
Deep Creek rainbow trout genetics was tested and they were
found to be native interior Columbia Basin redband variety
(McLellan 2005). Cutthroat trout were probably not native to Deep
Creek as there are records of them being stocked there by WDFW.
Cutthroat trout failed to establish spawning populations in Deep
Creek, probably because of competition with native redband rainbow trout, and are no longer present in Deep Creek. Scholz (2004)
and Peck (1993) collected a few brown trout in Deep Creek but
this species was not found in 2003 and 2004 by Scholz (2004) or
McLellan (2005). Brook trout were observed by Scholz (1985) and
McLellan (2005).
Washington Department of Fish and Wildlife conducted creel
checks in Deer Creek in 1952, 1953, 1957, and 1970 and in Coulee
Creek in 1953. In Deer Creek, 24 anglers were interviewed who
had caught 151 trout (6 rainbow trout and 145 brook trout). In
Coulee Creek 6 anglers were checked with 5 rainbow trout and 1
brook trout. Average catch per angler was 6.3 in Deep Creek and
1.0 in Coulee Creek.
Latah (Hangman) Creek
Latah (also called Hangman) Creek originates in Benewah County,
Idaho on the Coeur d’Alene Indian Reservation and flows 110 km
(69.5 mi) northwest to its junction with the Spokane River in the

free flowing section between the head of Ninemile Reservoir and
Monroe Street Dam, in Spokane County, Washington. The Latah
Creek drainage encompasses 431,000 acres, with 58% of the total
acreage in agricultural production (Lee 2005).
Latah Creek is fed by eight perennial tributaries:
• Indian Canyon Creek: left (west) bank at RKM 0.3
(RM 0.2);
• Garden Springs Creek: left bank at RKM 2.4 (RM 1.5);
• Marshall Creek: left bank at RKM 6.7 (RM 4.2);
• Stevens Creek: right (east) bank at RKM 23.2 (RM 14.5);
• California Creek: right bank at RKM 29.3 (RM 18.3);
• Rock Creek: right bank at RKM 32.3 (RM 20.2);
• Cove Creek: right bank at RKM 75.7 (RM 47.3); and
• Little Hangman Creek: right bank at RKM 87.5 (RM 54.7).
Two intermittent tributaries also join Latah Creek:
• Spangle Creek: left bank at RKM 30.7 (RM 19.2) and
• Rattlers Run Creek: right bank at RKM 52.5 (RM 32.8).
First historical records, made by cartographers of the Pacific
Railroad Survey (1853–1855) and United States Army personnel
(1856–1859) described Latah Creek and its tributaries as flowing
clear and cool through “well timbered” canyons and rolling upland
prairies carpeted by a “luxuriant” growth of grasses and wildflowers
(Stevens 1855, 1860; Mullan 1863). In those early days Latah Creek
produced anadromous Chinook salmon and steelhead trout that
ran up to its headwaters in Idaho (Bendire 1882). Besides these salmonids, the Latah Creek drainage harbored a variety of minnows,
suckers, and sculpin (Scholz et al. 1985; Edelen and Allan 1997).
Settlers moved into the watershed between 1865 and 1890, attracted by the rich Palouse soils to grow crops. Farmers broke sod,
cut timber, and channelized water courses, causing extensive erosion. They diverted water to irrigate crops. By the time the first fish
survey was conducted in 1893, the stream had already been seriously degraded. Its waters were described as “roily” and ruined for
the production of salmonids (Gilbert and Evermann 1895).
Statements like this gave Latah Creek a poor reputation as a
fishery, perhaps resulting in it being overlooked as a potential site
for sport fish introduction. Sport fish stocking did occur sporadically for short duration in a few tributaries compared to intensive
stocking in other Pacific Northwest river systems.
Information about the distribution of fishes in the Latah
Creek drainage was reported by (in order by date): Bendire (1882);
Bean (1892); Gilbert and Evermann (1895); Schultz and DeLacy
(1935 / 1936); Gustafson and Hewitt (1940); Laumeyer and Maughan
(1973); Maughan and Laumeyer (1974); Peck (1980, 1987); Scholz
(1982, 1983, 1985, 1986, 1993, 1995, 2005, 2006, 2007); Whalen
(1986); Peden (1987); Coeur d’Alene Tribe (1993); Maret (1999); Lee
(2005); and McLellan (2005). Collectively, these authors sampled
22 sites on the Latah mainstem, many of them multiple times, and
at least 56 sites in the various tributaries.
Notably, Laumeyer and Maughan (1973) and Maughan and
Laumeyer (1974) sampled nine sites in the mainstem and two in
Marshall Creek in 1971 and 1972. Lee (2005) sampled 62 sites in the
Latah drainage between 1998 and 2002: 17 sites in the mainstem, 2 in
Indian Creek, 4 in Garden Springs Creek, 10 in Marshall Creek and
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Table 5.89

Fishes collected in the Deep Creek drainage, in Deep and Coulee creeks, Lincoln and Spokane counties, Washington,
1932-2004. EF = backpack electrofishing, BS = beach seine. Data are arranged from left to right by year of catch for Deep
Creek and Coulee Creek. Relative abundance (RA) is based on total fish collected in the drainage. Total length (TL) range
(in mm) of each species captured is also provided.

Location

Deep Creek

Date

1984

1993

2003

2004

1993

2003

2004

1

2

3

4

5

3

4

5

Reference
Method (effort hours)
Family
Cyprinidae
Salmonidae

Coulee Creek

1972

TL range
(mm)

Total

RA (%)

81.8% 21–108
0.0%
NR
16.5% 40–352
0.1% 154–257
1.6% 37–352

BS (NR) EF (0.2) EF (NR) EF (0.2) EF (NR) EF (NR) EF (0.2) EF (NR)
Species
speckled dace
cutthroat trout
rainbow trout
brown trout
brook trout

Total

273
3
6
0
0

14
0
13
2
1

0
0
21
3
0

0
0
8
0
0

3,999
0
457
0
119

0
0
2
0
0

0
0
15
0
0

1,798
0
704
0
0

6,084
3
1,226
5
120

282

30

24

8

4,575

2

15

2,502

7,438 100.0%

References: ¹ Schultz and Bowers (1932) in Schultz and DeLacy (1935/1936); ² Scholz (1985); ³ Peck (1993); ⁴ Scholz (2004); ⁵ McLellan (2005)

its tributary Minnie Creek, 2 in Stevens Creek, 8 in California Creek,
3 in Spangle Creek, 11 in Rock Creek and its tributaries (South Fork,
North Fork, Cottonwood, Little Cottonwood, Ochlare, and Mica
creeks), 1 in Courtney Canyon Creek, 4 in Rattlers Run Creek, 2 in
Cove Creek, and 1 in Little Hangman Creek. McLellan (2005) surveyed fish at 10 sites in Marshall creek, 15 sites in California creek,
and 7 sites in Rock Creek in 2004. Sites sampled in the Latah mainstem included: (RKM 0.3, 0.6–0.8, 1.6, 5.3, 12.5, 17.4, 28.8, 30.7, 33.4,
34.4, 49.9, 52.5, 61.6, 67.2, 73.7, 77.3, 81.8, 87.7, 91.0, 98.1, 104.3, and
111.2) (RM 0.2, 0.4–0.5, 1.0, 3.3, 7.8, 10.9, 18.0, 19.2, 20.9, 21.5, 30.9,
32.8, 38.5, 42.0, 46.1, 48.3, 51.1, 54.8, 56.9, 61.3, 65.2, and 68.5) above
the confluence with the Spokane River. At these sites a total of 5,123
fish were collected between 1882 and 2006 (Table 5.90). Six families
and 21 species were collected, including (by relative abundance):
• Cyprinidae: 12.0% chiselmouth (n = 616), 18.1% northern

pikeminnow (n = 927), 0.5% longnose dace (n = 27), 16.3%
speckled dace (n = 835), 23.2% redside shiner (n = 1,186),
0.5% tench (n = 25);

• Catostomidae: 1.3% longnose sucker (n = 67), 21.2% bridgelip
sucker (n = 1,088), 3.4% largescale sucker (n = 176), 0.4%
unidentified sucker (n = 23);

• Ictaluridae: 0.2% brown bullhead (n = 9);
• Salmonidae: 0.4% rainbow trout (n = 23), < 0.1% Chinook
salmon (n = 1), 0.1% brook trout (n = 3);

• Cottidae: 0.2% mottled sculpin (n = 8), 0.1% shorthead sculpin

(n = 3), 0.4% torrent sculpin (n = 23), 1.1% unidentified sculpin (n = 57); and

• Centrarchidae: 0.2% pumpkinseed (n = 8), 0.1% bluegill
(n = 6), 0.2% largemouth bass (n = 12).

Thus, 98.7% of all fishes found in the Latah mainstem were indigenous compared to 1.3% that were non-indigenous.
In the mainstem, chiselmouth were collected at 14 of 22 total
sites sampled. The number of sites (n) that other species were
collected at (out of 22) in the mainstem were: northern pikeminnow (n = 17); longnose dace (n = 6); speckled dace (n = 18); redside
shiner (n = 20); tench (n = 6); longnose sucker (n = 2); bridgelip
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sucker (n = 19); largescale sucker (n = 11); unidentified sucker
(n = 4); brown bullhead (n = 4); rainbow trout (n = 4); Chinook
salmon (n = 1); brook trout (n = 2); mottled sculpin (n = 1); shorthead sculpin (n = 2); torrent sculpin (n = 6); unidentified sculpin
(n = 3); pumpkinseed (n = 3); bluegill (n = 2); and largemouth bass
(n = 1). Thus, chiselmouth, northern pikeminnow, speckled dace,
redside shiner, and bridgelip sucker were widely distributed in the
mainstem and all other species had patchy distributions.
Fishes collected in Latah Creek tributaries are shown in
Table 5.91. Brook trout was the only species sampled at 1 of 3 sites
in Indian Canyon Creek (Lee 2005). Rainbow trout was the only
species sampled at 2 of 4 sites in Garden Springs Creek (Lee 2005).
Goldfish, longnose dace, speckled dace, and bluegill were each
sampled at 1 of 12 sites in the Marshall Creek drainage, which included 10 sites in Marshall Creek and 2 in its tributary Minnie
Creek (Lee 2005, McLellan 2005). Redfin pickerel and pumpkinseed were each sampled at 3 sites of the 10 sites on Marshall Creek.
The redfin pickerel were taken in a pond near where Marshall
Creek enters Latah Creek, and in Queen Lucas and Fish lakes.
Those in Fish Lake were all killed when WDFW treated it with rotenone in 1956. Redfin pickerel may be extirpated since the last
time they were observed in Marshall Creek was in 1985, despite
intensive sampling between 1998 and 2004 (Lee 2005; McLellan
2005). Brook trout were present in all 10 sites and rainbow
trout were present at 7 out of 10 site sampled in Marshall Creek.
Neither brook nor rainbow trout were sampled in Minnie Creek.
Densities of brook trout and rainbow trout averaged (ranged) 72
(19–170) ⁄ 100 m² and 6 (1–20) ⁄ 100 m² respectively at the sites
where each species was sampled (Lee 2005; McLellan 2005).
Scholz (1982, 1983, 1985, 1986, 1999) estimated the rainbow and
brook trout populations in a 100 m segment of Marshall Creek located below the Cheney / Spokane Road bridge near the town of
Marshall, Washington in 1981, 1982, 1984, 1985, and 1998 using a
Petersen Mark–Recapture method. The estimated rainbow and
brook trout populations (± 95% CI) and densities were:
• 48 (± 78) rainbow trout and 1,620 (± 764) brook
trout (densities 10 rainbow trout and 280 brook
trout ⁄ 100 m²) in 1981;
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3

1895
4

1932
5

1940
6

1973
7

1980
8

9

10

1986 1992/93 1998
11

1998–
2002
12

2004
13

2005

14

2006

7

0
7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
68

0
6
0
37
12
0
0
1
6
0
0
0
0
0
0
0
6
0
0
0
0
685

8
418
0
34
146
0
0
1
49
0
0
0
0
0
0
0
0
17
0
0
12
3

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3
0
0
0
0
795

123
119
0
323
114
2
0
73
27
0
3
2
0
0
0
0
9
0
0
0
0
94

0
82
0
0
0
0
0
0
0
10
0
0
0
0
0
0
2
0
0
0
0
169

79
8
0
P
40
0
0
20
0
12
0
0
0
0
7
2
0
0
0
0
0
346

BS
9
12
6
33
172
2
67
0
4
0
4
9
0
1
0
0
0
27
0
0
0
746

74
13
1
22
45
0
0
530
54
0
0
6
0
0
0
0
1
0
0
0
0
1,284

137
117
7
163
432
10
0
370
25
1
0
5
0
1
0
0
0
13
3
0
0
303

137
22
2
37
62
4
0
32
2
0
0
0
0
0
0
0
0
0
0
5
0

225

22
66
3
28
76
6
0
16
1
0
1
0
0
1
0
0
0
0
4
1
0

395

27
57
8
157
85
1
0
45
8
0
1
1
0
0
1
1
2
0
1
0
0

BS (NR) BS (NR) BS (NR) BS (NR) EF (NR) EF(NR) EF (NR) EF (1.2) EF (NR) EF (4.2) EF (0.33) EF (0.66) EF (0.5)

2

1892

TL range
(mm)

12.0% 30–280
18.1% 29–340
0.5%
55–113
16.3%
31–95
23.2% 20–176
0.5%
49–211
1.3%
46–403
21.2% 36–285
3.4%
47–451
0.4%
87–123
0.2% 125–147
0.4%
48–445
0.0%
NR
0.1% 173–224
0.2%
NR
0.1%
NR
0.4%
50–101
1.1%
42–106
0.2%
41–180
0.1%
45–66
0.2%
42–71
5,123 100.0%

616
927
27
835
1,186
25
67
1,088
176
23
9
23
1
3
8
3
23
57
8
6
12

Total RA (%)

References: ¹ Bendire (1882); ² Bean (1892); ³ Gilbert and Evermann (1895); ⁴ Schultz and Bowers (1932) in Schultz and DeLacy (1935/1936); ⁵ Gustafson and Hewitt (1940); ⁶ Laumeyer and Maughan (1973);
⁷ Peck (1980); ⁸ Peden (1987); ⁹ Coeur d’Alene Tribe (1993); ¹⁰ Maret (1999); ¹¹ Lee (2005); ¹² Scholz (2005); ¹³ Scholz (2006); ¹⁴ Scholz (2007)

Total

Centrarchidae

Cottidae

Ictaluridae
Salmonidae

3

0
0
0
0
2
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0

Cyprinidae

Catostomidae

NR

Method (effort hours)

chiselmouth
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
brown bullhead
rainbow trout
Chinook salmon
brook trout
mottled sculpin
shorthead sculpin
torrent sculpin
unidentified sculpin
pumpkinseed
bluegill
largemouth bass

1

Reference

1882

Fishes collected in the Latah (Hangman) Creek mainstem, 1882-2006. BS = beach seine, EF = electrofishing, NR = not recorded, P = present. Data are arranged from left to right
by year of catch. Relative abundance (RA) is based on total numbers of fish caught. Total length (TL) range (in mm) of each species captured is also provided.

Year Sampled

Table 5.90
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0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0

tench
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
redfin pickerel
rainbow trout
brook trout
brook stickleback
mottled sculpin
shorthead sculpin
torrent sculpin
unidentified sculpin
pumpkinseed
bluegill
largemouth bass
yellow perch
2

0
0
0
0
0
0

chiselmouth
goldfish
northern pikeminnow
longnose dace
speckled dace
redside shiner

EF (0.2)

1

100.0%

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
100.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

RA (%)

0
0
0
0
0
0
0
129–185
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

TL range
(mm)

9

0
0
0
0
0
0
9
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

EF (0.5)

1

2002

4

100.0%

0
0
0
0
0
0
100.0%
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

RA (%)

0
0
0
0
0
0
90–147
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

TL range
(mm)

Garden Spring Creek

865

0
0
0
0
0
P
P
P
0
0
0
0
0
0
0
0
P

0
0
0
0
0
0

EF (NR)

2

1972

NR

77

0
0
0
0
0
0
6
71
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

EF (NR)

3

1980

NR

4

4

1272

0
0
0
0
0
2
60
783
0
0
0
0
0
0
0
0
16

0
0
0
0
0
0

EF (1.8)

4

1268

0
0
0
0
0
2
146
1102
0
0
0
0
0
0
0
0
18

0
0
0
0
0
0

EF (4.3)

5

273

0
0
0
0
0
0
59
210
0
0
0
0
0
0
0
0
4

0
0
0
0
0
0

EF (0.8)

6

1981/82 1984/1985 1992/94

4

Marshall Creek

739

0
0
0
0
0
0
160
575
0
0
0
0
0
1
1
0
0

0
1
0
1
0
0

EF (2.8)

1

1998-02

8

1484

0
0
0
0
0
0
0
115
1369
0
0
0
0
0
0
0
0
0

0
0
0
0
0

EF (NR)

7

2004

10

Table 5.91 continued on next page

References: ¹ Lee (2005); ² Maughan and Laumeyer (1974); ³ Peck (1980); ⁴ Scholz (1982, 1983); ⁵ Scholz (1985, 1986); ⁶ Scholz (1993, 1995); ⁷ McLellan (2005); ⁸ Scholz (2005); ⁹ Scholz (2006); ¹⁰ Scholz (2007);
¹¹ Peck (1987); ¹² Peden (1987); ¹³ Whalen (1986)

Total

Percidae

Centrarchidae

Gasterosteidae
Cottidae

Esocidae
Salmonidae

Catostomidae

Cyprinidae

Method (effort hours)

Reference

2002

2

# sites sampled

Year

Indian Canyon Creek

Fish collected in tributaries of Latah (Hangman) Creek. EF = electrofishing, NR = not recorded, P = present. Data are arranged from left to right by tributary, proceeding from
the lowest to highest tributary connected to Latah Creek, and date of collection. Relative abundance (RA) is based on total numbers of fish collected in each tributary. Total
length (TL) ranges (in mm) are also provided. (Page 1 of 4.)
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Total

Percidae

Centrarchidae

Gasterosteidae
Cottidae

Esocidae
Salmonidae

Catostomidae

Cyprinidae

Method (effort hours)

Reference

Year

# sites sampled

Tributary

chiselmouth
goldfish
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
redfin pickerel
rainbow trout
brook trout
brook stickleback
mottled sculpin
shorthead sculpin
torrent sculpin
unidentified sculpin
pumpkinseed
bluegill
largemouth bass
yellow perch

2005
9

2004
8

10

2006

2

258

0
0
0
0
42
216
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

456

0
0
0
0
0
58
398
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

467

0
0
0
0
0
35
396
0
0
0
0
0
21
0
0
11

0
0
0
0
1
0
3

EF (2.1) EF (3.4) EF (3.2)

6

2

100.0%

0.0%
0.0%
0.0%
0.0%
0.1%
11.6%
87.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.4%
<0.1%
0.0%
0.8%

0
0
0
0
5
682
5121
0
0
0
0
0
22
1
0
50
5887

0.0%
<0.1%
0.0%
< 0.1%
0.0%
0.0%
0.1%

RA (%)

0
1
0
1
1
0
3

Total

Marshall Creek

0
0
0
0
0
44–361
32–431
0
0
0
0
0
72–97
71
0
85–133

0
NR
0
0
56–64
0
101–142

36

0
0
3
1
0
13
0
0
0
0
0
0
0
0
0
0

0
0
0
0
16
3
0

EF (0.3)

TL range 2000/2001
(mm)
1

2

100.0%

0.0%
0.0%
8.3%
2.8%
0.0%
36.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0
0
0
0
44.4%
8.3%
0.0%

RA

Stevens Creek

0
0
51–62
45
0
75–164
0
0
0
0
0
0
0
0
0
0

0
0
0
0
36–65
68–70
0

TL range
(mm)

8

0
0
0
0
0
7
0
0
0
0
0
0
0
0
0
0

0
0
0
0
P
0
0

EF (NR)

11

1987

1

31

0
14
6
0
0
5
0
0
0
0
0
0
0
0
0
0

0
0
0
0
6
0
0

975

0
187
0
6
0
114
0
0
0
0
0
134
0
0
0
0

27
0
53
11
232
211
0

EF (2.8)

1

1988–2002

8

911

0
104
0
0
0
50
0
0
2
0
0
270
0
0
0
0

1
0
17
12
316
139
0

EF (NR)

7

2004

10

Table 5.91 continued on next page

EF (0.4)

12

1992

3

California Creek

Table 5.91 continued Fish collected in tributaries of Latah (Hangman) Creek. EF = electrofishing, NR = not recorded, P = present. Data are arranged from left to right by tributary, proceeding from the lowest to highest tributary connected to Latah Creek, and date of collection. Relative abundance (RA) is based on total numbers of fish collected in each tributary.
Total length (TL) ranges (in mm) are also provided. (Page 2 of 4.)
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Total

Percidae

Centrarchidae

Gasterosteidae
Cottidae

Esocidae
Salmonidae

Catostomidae

Cyprinidae

Method (effort hours)

Reference

Year

# sites sampled

Tributary

chiselmouth
goldfish
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
redfin pickerel
rainbow trout
brook trout
brook stickleback
mottled sculpin
shorthead sculpin
torrent sculpin
unidentified sculpin
pumpkinseed
bluegill
largemouth bass
yellow perch

9

10

2006

2

263

158
5
0
12
0
0
0
4
1
1
8
5
11
0
0
0
0
0

49
0
0
12
0
0
0
3
0
0
0
1
1
0
0
0
0
0
96

4
0
39
2
13

15
0
7
0
8

195

30
1
0
3
0
0
0
11
1
0
0
17
6
0
0
0
0
0

3
0
7
1
115

EF (0.2) EF (0.3) EF (0.4)

2005

8

1

2004

1

100.0%

23.7%
0.2%
0.0%
13.4%
0.2%
0.2%
0.0%
7.8%
0.1%
< 0.1%
0.4%
0.9%
0.7%
16.3%
0.0%
0.0%
0.0%
0.0%

587
6
0
332
6
6
0
194
2
1
10
23
18
404
0
0
0
0
2479

2.0%
0.0%
5.0%
1.0%
27.9%

RA (%)

50
0
123
26
691

Total

California Creek

34–129
68–120
0
30–42
NR
29–117
0
54–290
189–191
55
31–87
29–83
51–121
29–117
0
0
0
0

41–134
0
39–227
53–95
22–98

1

0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

EF (0.2)

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

TL range 2001
TL range
RA (%)
(mm)
(mm)
1

3

Spangle Creek

52

29
0
0
11
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
8
0
4

EF (NR)

13

1986

1

1163

275
0
0
334
24
0
0
7
0
0
0
0
0
14
0
0
0
0

8
0
67
2
432

EF (2.6)

1

1999-2001

9

1702

380
0
0
402
79
0
0
7
0
0
3
0
0
18
0
0
0
0

24
2
103
2
682

Total

100.0%

22.3%
0.0%
0.0%
23.6%
4.6%
0.0%
0.0%
0.4%
0.0%
0.0%
0.2%
0.0%
0.0%
1.1%
0.0%
0.0%
0.0%
0.0%

1.4%
0.1%
6.1%
0.1%
40.1%

RA (%)

23–115
0
0
34–439
39–395
0
0
109–195
0
0
31–45
0
0
31–46
0
0
0
0

62–169
0
42–299
52–59
22–89

TL range
(mm)

Table 5.91 continued on next page
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76
0
0
57
55
0
0
0
0
0
3
0
0
4
0
0
0
0

16
2
28
0
246

EF (NR)

7

2004

7

Rock Creek

Table 5.91 continued Fish collected in tributaries of Latah (Hangman) Creek. EF = electrofishing, NR = not recorded, P = present. Data are arranged from left to right by tributary, proceeding from the lowest to highest tributary connected to Latah Creek, and date of collection. Relative abundance (RA) is based on total numbers of fish collected in each tributary.
Total length (TL) ranges (in mm) are also provided. (Page 3 of 4.)
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Total

Percidae

Centrarchidae

Gasterosteidae
Cottidae

Esocidae
Salmonidae

Catostomidae

Cyprinidae

Method (effort hours)

Reference

Year

# sites sampled

Tributary

chiselmouth
goldfish
northern pikeminnow
longnose dace
speckled dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
redfin pickerel
rainbow trout
brook trout
brook stickleback
mottled sculpin
shorthead sculpin
torrent sculpin
unidentified sculpin
pumpkinseed
bluegill
largemouth bass
yellow perch
57

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0
0
0
0
0
0
0
0
0
0
100.0%

0
0
0
0
17
14
0
0
26
0
0
0

17

EF (0.5)
0
0
0
0
38–91
0
0
0
0
0
0
0

1

2000-2001

0.0%
0.0%
0.0%
0.0%
100.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

RL range
(mm)

0
0
0
0
17
0
0
0
0
0
0
0
0

RA (%)

2

EF (0.5)

1

2001

4

Rattlers Run Creek

100.0%

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%
0.0%
0.0%
0.0%
29.8%
24.6%
0.0%
0.0%
45.6%
0.0%
0.0%
0.0%

RA (%)

Cove Creek

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
21–80
58–130
0
0
72–255
0
0
0

RL range
(mm)

4

0
0
0
0
0
0
0
0
0
0
0

0
0
1
0
2
0
0
0
1
0
0
0

EF (0.1)

1

2001

1

100.0%

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%
0.0%
25.0%
0.0%
50.0%
0.0%
0.0%
0.0%
25.0%
0.0%
0.0%
0.0%

RA (%)

155

0
0
0
0
0
0
0
0
0
0
0

0
0
110
0
32–41
0
0
0
45
0
0
0

RL range
(mm)

Little Hangman Creek

Table 5.91 concluded Fish collected in tributaries of Latah (Hangman) Creek. EF = electrofishing, NR = not recorded, P = present. Data are arranged from left to right by tributary, proceeding from the lowest to highest tributary connected to Latah Creek, and date of collection. Relative abundance (RA) is based on total numbers of fish collected in each tributary.
Total length (TL) ranges (in mm) are also provided. (Page 4 of 4.)
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• 53 (± 14) rainbow trout and 511 (± 159) brook trout (densities 10 rainbow trout and 90 brook trout ⁄ 100 m²) in 1982;
• 72 (± 14) rainbow trout and 677 (± 162) brook
trout (densities 11 rainbow trout and 120 brook
trout ⁄ 100 m²) in 1984;
• 12 (± 7) rainbow trout and 538 (± 457) brook trout
(densities 2 rainbow trout and 90 brook trout ⁄ 100 m²)
in 1985;
• 396 (± 191) rainbow trout and 1,319 (± 216) brook
trout (densities 70 rainbow trout and 230 brook
trout ⁄ 100 m²) in 1990;
Length frequencies of both rainbow (range = 44–361 mm TL) and
brook (range = 32–431 mm TL) trout species (ages 0–4) indicated that
both species are successfully naturally reproducing in Marshall Creek.
Creel surveys were conducted in Marshall Creek by WDFW
in 1948–1951, 1958–1959, and 1967–1972, and by the author of this
book in 1981, 1983, 1987, and 1993. During the 19 years in which
creel surveys were conducted a total of 50 creel checks were made
and 358 anglers were surveyed, who caught 828 total fish (an average of 2.3 fish per angler, comprised of 21 brown bullhead, 454 rainbow trout, 346 brook trout, 4 pumpkinseed, and 3 largemouth bass.
All of the bullhead and pumpkinseed were caught in 1951.
Speckled dace, redside shiner, largescale sucker, and unidentified sucker were present at 1 of 2 sites in Stevens Creek (Lee 2005).
Rainbow trout were collected at both sites (Lee 2005).
Chiselmouth were collected at 1 of 11 sites sampled in California
Creek, which included 10 sites sampled in California Creek and 1
site sampled in an unnamed tributary (Lee 2005; McLellan 2005).
Northern pikeminnow, longnose dace, and redside shiner were
respectively collected at 3, 3, and 2 sites sampled in California
Creek (Lee 2005; McLellan 2005). A few tench were collected
at one site at the mouth of California Creek by Scholz (2006,
2007). Chiselmouth, northern pikeminnow, longnose dace, redside shiner, and tench occurred in the lower reach of California
Creek. Speckled dace and bridgelip sucker were collected at 8 and
7 of the 11 sites sampled in California Creek, respectively (Lee
2005, McLellan 2005). Rainbow trout were relatively abundant in
California Creek, accounting for 11.1% of the relative abundance
(n = 107 of 968) of fish sampled throughout the length of the Creek
by Lee (2005) in 1998–2002 and 5.5% (n = 50 of 909) of the relative
abundance of fishes sampled by McLellan (2005) in 2004. Rainbow
trout were collected at all 9 sites sampled by Lee (2005) and 7 out of
10 sites sampled by McLellan (2005). The average (range) in densities of rainbow trout of the 7 sites sampled by McLellan (2005) was
3 (< 1–6) ⁄ 100 m². Two brook trout were collected at one site at the
mouth of California Creek in 2005 and 2006 (Scholz 2006, 2007).
One brook stickleback was collected in California Creek near its
confluence with Latah Creek by Scholz (2005). This was the first
brook stickleback collected anywhere in the Spokane River drainage in Washington. Sculpins were relatively abundant in California
Creek, accounting for 13.8% of the relative abundance (n = 134 of
968 total fish) of fishes collected by Lee (2005) from 1998–2002,
and 29.7% of the relative abundance (n = 270 of 909) of fishes collected by McLellan (2005) in 2004. Sculpins were collected at 5 of
10 sites in California Creek. McLellan (2005) identified 2 of the 270
sculpins he collected as mottled sculpin. Scholz (2005, 2006, 2007)
collected 8 mottled sculpin, 23 shorthead sculpin, and 18 torrent
sculpin in California Creek.
486

Wild rainbow trout were collected at every site sampled on
California Creek. Length frequency distribution (range = 54–
291 mm TL) of wild rainbow trout suggested that several age classes
(0–4) were present, which indicated that natural reproduction is
occurring in California Creek. Protecting fish habitat, including
instream flows should be a watershed priority. Wild rainbow trout
collected in California Creek had characters resembling those of
native Columbia Basin redband trout (e.g., distinct red stripe; elliptical parr marks; orange or white coloration at the tips of dorsal,
anal, and caudal fins; vestigial basibranchial teeth); and genetic testing confirmed their probable redband ancestry (Small et al. 2007).
Speckled dace, rainbow trout, and brook trout were collected at
1 of 3 sites sampled in Spangle Creek by Lee (2005). All three species were collected at the same site near the confluence with Latah
Creek. No fish were collected at two sites further upstream.
Lee (2005) sampled 11 sites in Rock Creek and its tributaries from
1998–2002, including 5 in the mainstem, 1 in Cottonwood Creek, 1 in
Little Cottonwood Creek, 1 in Ochlare Creek, 2 in Mica Creek, and 1
in the North Fork Rock Creek. McLellan sampled 3 sites in the Rock
Creek mainstem in 2004. Chiselmouth occurred in 2 sites closest to
the mouth (Lee 2005; McLellan 2005). Northern pikeminnow occurred at 4 of 5 sites sampled in the mainstem. Specked dace, redside
shiner, and bridgelip sucker occurred at all sites sampled in the mainstem and 1 of 2 sites sampled in Mica Creek (Lee 2005; McLellan 2005).
Redside shiner and bridgelip sucker were collected in the North Fork
Rock Creek (Lee 2005). Largescale sucker were collected at 3 of 5 sites
sampled in the mainstem of Rock Creek. Rainbow trout were not collected in the Rock Creek mainstem by either Lee (2005) or McLellan
(2005) but 7 rainbow trout were collected in Cottonwood Creek
by Lee (2005). Sculpin were collected only at the site closest to the
mouth [n = 14 by Lee (2005) and n = 7 by McLellan (2005)]. Three of
these sculpin were identified as mottled sculpin by McLellan (2005).
No fish were collected at 1 site sampled in Courtney Canyon
Creek by Lee (2005).
Speckled dace was the only species collected at 2 of 4 sites sampled in Rattlers Run Creek (Lee 2005). They were present at the 2
lowermost sites and absent at the two uppermost sites.
Speckled dace and bridgelip sucker were present at both sites
and redside shiner were present at one site in Cove Creek (Lee 2005).
Northern pikeminnows, speckled dace, and bridgelip sucker
were present at 1 site sampled in Little Hangman Creek (Lee 2005).
Few non-native species were found in the Latah Creek watershed, with the exception of eastern brook trout in Marshall Creek.
If restoration of physical habitat could be accomplished in the
Latah Creek drainage, there would be few problems with non-native fishes interfering with the recovery of native species.

COLVILLE RIVER SUB-BASIN
The Colville River is a 97 km (60 mi) long tributary that joins the
Columbia River on the left (east) bank at RKM 1,119.2 (RM 699.5),
just south of Kettle Falls, Washington. At its source, between
Springdale and Loon Lake, Washington, the elevation is 654 m
(2,146 ft) above MSL and at its confluence with the Columbia River
the elevation is 396 m (1,300 ft) above MSL. The area of the drainage basin covers 2,616 km² (1,010 sq mi). Mean (minimum–maximum) annual discharge of the Colville River, measured at Kettle
Falls, Washington (USGS gauge #12409000) over an 86-year period
of record (1923–2009) was 303 (70.5–768) cfs. Mean (minimum–
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maximum) monthly discharge was 117 (35.8–301) cfs in October,
152 (49.5–401) cfs in November, 180 (56.3–783) cfs in December,
210 (32.9–1,374) cfs in January, 281 (65.8–970) cfs in February,
495 (127–1,410) cfs in March, 833 ( 128–2,168) cfs in April, 681
(93.8–1,744) cfs in May, 351 (48.4–467) cfs in June, 154 (20.6–467)
cfs in July, 86.8 (12.0–258) cfs in August, 95.0 (22.7–241) cfs in
September. Meyers Falls, which is a double falls 12 m (39.3 ft) and
24 m (79.4 ft) high at Colville River RKM 8.3 (RM 5.1) was a barrier
to anadromous salmonid migration. A map and photographs of the
Colville Sub-basin are shown respectively in Figure 5.83 and 5.84.
Principle tributaries of the Colville River, proceeding from its
source to the mouth, include:

Nielsen (1975a) sampled 12 sites in the Colville River by backpack electrofishing and captured a total of 667 salmonids (all either
rainbow or brown trout).
Nielsen (1975b) reported that miscellaneous unidentified minnows, suckers, rainbow trout, and brown trout occurred in the
Colville River. Nielsen (1975b) also reported that species found in
tributaries of the Colville River included:
• Amazon Creek (Little Pend Oreille River) (brook trout);
• Bear Creek (Little Pend Oreille River) (rainbow trout,
brook trout);
• Beastrom Creek (cutthroat trout);

• Deer and Sheep creeks (their confluence forms the
Colville River);

• Camp Creek (Little Pend Oreille River) (brook trout);

• Grouse Creek (right bank);

• Chewelah Creek (rainbow trout, brown trout, brook
trout);

• Huckleberry Creek (left bank);

• Chewelah Creek (North Fork) (rainbow trout, brown
trout, brook trout);

• Sherman Creek (right bank);
• Chewelah Creek (right bank);

• Chewelah Creek (South Fork) (rainbow trout, brown
trout, brook trout);

• Blue Creek (left bank);

• Flodelle Creek (Little Pend Oreille River) (brook
trout);

• Stranger Creek (left bank);
• Little Pend Oreille River (right bank); and

• Gold Creek (rainbow trout);

• Mill Creek (right bank).

• Huckleberry Creek (rainbow trout, brook trout);

Crystal Falls on the Little Pend Oreille River near it's confluence with the Colville River probably formed "a fish migration
barrier."
Fish species reported to occur in the Colville Sub-basin comprise 8 families and 35 species, including:

• Mill Creek (rainbow trout, brook trout);
• Mill Creek (Middle Fork) (rainbow trout, brook trout);
• Mill Creek (North Fork) (rainbow trout, brook trout);
• Mill Creek (South Fork) (rainbow trout, brook trout);

• Cyprinidae: chiselmouth, goldfish, carp, peamouth, northern

• Narcisse Creek (Little Pend Oreille River) (brook trout);

pikeminnow, longnose dace, speckled dace, Umatilla dace,
redside shiner, tench;

• Olsen Creek (Little Pend Oreille River) (brook trout);

• Catostomidae: longnose sucker, bridgelip sucker, largescale

• Peye Creek (rainbow trout, brook trout);

sucker, hybrid sucker;

• Squaw Creek (Little Pend Oreille River) (brook trout);

• Ictaluridae: brown bullhead;

• Stranger Creek (rainbow trout, brook trout); and

• Salmonidae: lake whitefish, mountain whitefish, cutthroat

trout, rainbow trout, kokanee salmon, Chinook salmon,
brown trout, brook trout, tiger trout;

• Wilson Creek (South Fork Chewelah Creek) (rainbow
trout).

• Gadidae: burbot;

Dotts (2006) compiled data collected by the United States Forest
Service, backpack electrofishing surveys conducted by WDFG from
1989–2006, and backpack electrofishing surveys performed in 2006
in water inventory resources area (WIRA) 59 in 2006 by Stevens
County and the Washington Department of Ecology. Below is a
summary of these data (creeks are listed in alphabetical order):

• Cottidae: mottled sculpin, shorthead sculpin, slimy sculpin,
torrent sculpin;

• Centrarchidae: pumpkinseed, smallmouth bass, largemouth
bass, black crappie; and

• Percidae: yellow perch, walleye.
Historically, spring Chinook and summer Chinook salmon
spawned in the Colville River between the mouth and Meyers Falls
(Bryant and Parkhurst 1950; Fulton 1968). Construction of Grand
Coulee Dam permanently blocked anadromous runs of Chinook
salmon commencing in 1939. The type of Chinook that have recently been reported in the Colville River are fall Chinook, thought
to have been displaced down the Spokane River from Coeur d’Alene
Lake (where they are stocked annually by IDFG) into Lake Roosevelt.

A. T. Scholz

• Bayley Creek: rainbow trout, brook trout;
• Bear Creek: cutthroat trout, rainbow trout, brook trout,
unidentified sculpin;
• Beastrom Creek: cutthroat trout, rainbow trout, brook
trout;
• Blue Creek: longnose dace, speckled dace, redside shiner,
rainbow trout, brown trout, unidentified sculpin;
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Figure 5.83
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Colville River Sub-basin. Geographic information system data courtesy of Washington Department of Ecology.
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Figure 5.84

(A) Colville River. Photo courtesy of Matthias Läßig CC BY-NC-ND 2.0 (B) Crystal Falls, Little Pend Oreille River, tributary of Colville River, near Colville, Washington. Photo courtesy of Matt Ried © 2008, all rights reserved.
A. T. Scholz
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• Chewelah Creek: rainbow trout, brown trout, brook
trout, mottled sculpin, unidentified sculpin;

• Cottidae: unidentified sculpin;

• Chewelah Creek (North Fork): rainbow trout, brown
trout, brook trout, slimy sculpin, unidentified sculpin;

• Percidae: yellow perch.

• Chewelah Creek (South Fork): rainbow trout (coastal),
rainbow trout (interior redband), brown trout, brook
trout, slimy sculpin, unidentified sculpin. The redband
population was verified by USFS genetic analysis in 1988;
• Colville River (above Meyers Falls): northern pikeminnow,
longnose dace, speckled dace, redside shiner, unidentified
suckers, rainbow trout, brown trout, brook trout, unidentified sculpin, pumpkinseed, largemouth bass;
• Cottonwood Creek: redside shiner, unidentified sucker,
westslope cutthroat trout, rainbow trout, brown trout,
brook trout, unidentified sculpin. Westslope cutthroat
trout were verified by USFS genetic analysis in 2000 as
Kings Lake stock. Kings Lake stock were historically
planted in Cottonwood Creek by WDFW;

• Centrarchidae: pumpkinseed; and

The number of fish collected in each year, the total of fish collected over the three year interval and relative abundance of each
species are recorded in Table 5.92.
Hughes (1985), working for the Royal British Columbia
Museum, reported collecting 190 Umatilla dace in the Colville
River at an unspecified location in 1995. From 1997–2009, EWU
annually conducted boat electrofishing trips in the Colville River
near its mouth (McLellan et al. 2001, 2004, 2005, 2006, 2007, 2008,
2009, 2009, 2010; McLellan and Scholz 2001, 2002a, 2003). A total
of 5,295 fish were collected during these surveys, comprised of 8
families and 27 species, including (by relative abundance):
• Cyprinidae: < 0.1% chiselmouth (n = 1), 2.6% carp (n = 138),

0.4% peamouth (n = 19), 2.9% northern pikeminnow
(n = 151), < 0.1% speckled dace (n = 1), 1.6% redside shiner
(n = 86), 1.8% tench (n = 93);

• Deer Creek: rainbow trout, brown trout, brook trout,
unidentified sculpin;

• Catostomidae: 0.6% longnose sucker (n = 34), 1.0% bridgelip

• Gillette Creek: westslope cutthroat trout, brook trout;

• Ictaluridae: 0.4% brown bullhead (n = 23);

• Gold Creek: cutthroat trout, rainbow trout, brook trout;

• Salmonidae: 1.2% lake whitefish (n = 61), 1.7% mountain

• Grouse Creek: rainbow trout, brown trout, brook trout,
unidentified sculpin;

sucker (n = 54), 26.1% largescale sucker (n = 1,380), 0.5% hybrid sucker (n = 26);

whitefish (n = 91), 7.7% rainbow trout (n = 407), 7.9% kokanee salmon (n = 418), 0.1% Chinook salmon (n = 7), 7.6%
brown trout (n = 404), 0.1% brook trout (n = 6);

• Little Pend Oreille River: longnose dace, redside shiner,
tench, unidentified suckers, westslope cutthroat trout,
rainbow trout, kokanee salmon (below Crystal Falls),
brown trout, brook trout, shorthead sculpin, torrent
sculpin, unidentified sculpin, yellow perch;

• Gadidae: 1.0% burbot (n = 55);

• Mill Creek: unidentified sucker, westslope cutthroat
trout, rainbow trout, brown trout, brook trout, mottled
sculpin, slimy sculpin;

• Percidae: 2.8% yellow perch (n = 148), 25.9% walleye (n = 1,374).

• Sheep Creek: rainbow trout, kokanee salmon, brown
trout, brook trout, unidentified sculpin;
• Stensger Creek: longnose dace, speckled dace, redside
shiner, rainbow trout, brown trout, brook trout, unidentified sculpin;
• Stranger Creek: rainbow trout, brook trout, unidentified sculpin;
• Waitts Creek: rainbow trout, brown trout, brook trout; and
• Wilson Creek: rainbow trout, brook trout.
Drift boat electrofishing surveys were made in the plunge pool
below Meyers Falls from 2002–2004. Over the three year period
a total of 15 electrofishing trips were made that collected a total of
1,101 fishes, comprised of 7 families and 14 species, including:
• Cyprinidae: carp, northern pikeminnow, redside shiner, tench;
• Catostomidae: bridgelip sucker, largescale sucker;
• Ictaluridae: brown bullhead;
• Salmonidae: mountain whitefish, cutthroat trout, kokanee

• Cottidae: 0.4% unidentified sculpin (n = 19);
• Centrarchidae: 1.0% pumpkinseed (n = 51), 1.5% smallmouth

bass (n = 80), 2.9% largemouth bass (n = 152), < 0.1% black
crappie (n = 1); and

The Little Pend Oreille River, tributary of the Colville River, is
characterized by a chain of lakes (Gillette, Heritage, Frater, Leo, Sherry,
and Thomas) that are managed as a unit by WDFW. These lakes are
high elevation and remain cold throughout the summer. Bayley Lake
and Potter’s Pond are connected to the Little Pend Oreille by a tributary (Bear Creek). McDowell Lake is connected to the Little Pend
Oreille River by an intermittent tributary. Black Lake is also connected
to the Little Pend Oreille River. Naturally reproducing brook trout occur throughout the Little Pend Oreille drainage. Also, annual plants of
hatchery cutthroat trout, rainbow trout, brook trout, or kokanee were
made by WDFW from 1913–2007 (Simons et al. 1974; Nielson 1975a,
1975b, 1976, 1977, 1978; Duff et al. 1978, 1981; WDFW fish stocking database). Pumpkinseed and largemouth bass were also introduced illegally into the Little Pend Oreille lake chain in about 1992 (Duff et al.
1997). In recent years WDFW has planted tiger trout in Black, Gillette,
Heritage, Leo, Sherry, and Thomas lakes. Most of these lakes are infested with tench and therefore they have been frequently rehabilitated by treatment with rotenone (in 1956, 1960, 1968, and 1977).
Waitts Lake in the Colville drainage was reported to contain
goldfish, rainbow trout, cutthroat trout, and yellow perch (Nielson
1978). In 1999, Waitts Lake was planted with 40,000 brown trout
(Vail et al. 2001).

salmon, brown trout;
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Table 5.92

Fish collected by drift boat electrofishing below Meyers Falls on the Colville River in 2002, 2003, and 2004. (Data from
McLellan 2003; McLellan et al. 2004, 2005). RA=relative abundance (%). - = not observed. Effort: 3 trips in 2002, six trips
in 2003, and six trips in 2004.

Family

Species

2002

2003

2004

Total

RA

Cyprinidae

carp

0

2

0

2

0.2%

northern pikeminnow

0

0

1

1

< 0.1%

redside shiner

23

9

8

40

3.6%

tench

1

2

45

48

4.4%

bridgelip sucker

0

5

10

15

1.4%

largescale sucker

5

4

197

206

18.7%

Ictaluridae

brown bullhead

0

0

8

8

0.7%

Salmonidae

mountain whitefish

2

4

5

11

1.0%

Catostomidae

cutthroat trout

1

0

0

1

< 0.1%

rainbow trout

44

77

61

182

16.5%

kokanee salmon

21

185

29

235

21.3%

brown trout

63

102

167

332

30.2%

Cottidae

sculpin (unidentified)

0

3

3

6

0.5%

Centrarchidae

pumpkinseed

0

1

11

12

1.1%

Percidae

yellow perch

0

0

2

2

0.2%

160

394

547

1101

100%

Total

Table 5.93 provides a summary of state and federal salmonid
stocking in the Colville River Sub-basin. Between 1903 and 2007, a
total of at least 48,000 Yellowstone cutthroat trout, 7,564,210 cutthroat trout, 10,381,017 rainbow trout, 1,030,145 steelhead trout,
4,514,922 kokanee salmon, and 3,208,800 brook trout. Also about
1,200 lake trout were planted in Waitts Lake in 1918, 1921, and 1922
(Darwin 1921; Dibble and Kinney 1923). Brown trout and tiger
trout were also stocked at selected locations in the Colville Basin.
WDFW conducted approximately six creel surveys per year on
the Colville mainstem from 1948-1953, and in 1958, 1960, 1962–1963,
1965–1968, and 1970–1972. During these surveys, a total of 227 anglers
interviewed caught 349 total fish, comprised of 1 mountain whitefish,
3 cutthroat trout, 237 rainbow trout, 42 brown trout, 5 brook trout,
and 61 yellow perch (WDFW file data, Region 1, Spokane, Washington).
In 1979, creel surveys made by WDFW on the Colville River, reported that nine anglers caught six rainbow and brown trout with
nine hours of effort (Duff et al. 1981). In 1991, three creel checks
were made and nine anglers were interviewed (Duff et al. 1992).
They caught one brown trout.
WDFW conducted 2–12 creel surveys per year on the Little Pend
Oreille River, tributary of the Colville River, in 1948–1950, 1952,
1954–1960, and 1962–1972. During these surveys 1,418 anglers interviewed caught a total of 9,207 fish (6.5 fish ⁄ angler), comprised
of 3.9% cutthroat trout (n = 356), 43.6% rainbow trout (n = 4,010),
and 52.5% brook trout (n = 4,841) (WDFW file Data, Region 1,
Spokane, Washington).
WDFW conducted creel surveys (1–9 creel surveys per year) on Mill
Creek, tributary of the Colville River in 1948, 1950–1954, 1956, 1958–
1967, and 1969–1973. During these surveys 689 anglers interviewed
caught a total of 3,905 fish (5.7 fish ⁄ angler), comprised of 2.0% cutthroat trout (n = 75), 78.2% rainbow trout (n = 3,053), and 19.8% brook
trout (n = 777) (WDFW file data, Region 1 Spokane, Washington).

KETTLE RIVER SUB-BASIN
The Kettle River is a 282 km (175 mi) long tributary that joins the
Columbia River on the right (west) bank at RKM 1,129.6 (RM 706) just
north of Kettle Falls, Washington. It crosses the international border
several times between its source at the outlet of Holmes Lake in the
Monashee Mountains of British Columbia and its confluence with the
Columbia River in Lake Roosevelt. It flows in a southerly direction
between Holmes Lake and Midway, British Columbia, then enters the
United States near Ferry, Washington and makes a U–shaped loop before flowing back into British Columbia near the towns of Danville,
Washington and Grand Forks, British Columbia. The river flows east
for about 10 miles until reaching the outlet of Christina Lake, British
Columbia, near Laurier, Washington then, after re-crossing the border
again into eastern Washington, flows southeast to Lake Roosevelt. The
drainage basin of the Kettle River comprises 11,000 km² (4,200 sq mi),
8,230 km² (3,177 sq mi) in British Columbia and (2,650 km² (1,023 sq mi)
in Washington. The aboriginal name of the Kettle River was Ne-heiat-pitqua or Ne-hoi-al-pit-kwu (Pacific Railroad Reports, Vol. 1, 1855,
pp 387–389; Symons 1882; Meany 1927). In the International Phonetic
Alphabet this name is Nxʷiyaʔɬpítkʷ. The Indian name refers to a type
of rock used for tanning hides. A map and photographs of the Kettle
River Sub-basin are shown respectively in Figure 5.85 and 5.86.
Cascade Falls, located 1.2 km upstream of the international
border near Laurier, Washington at Kettle River RKM 40 was a
natural barrier to fish migration. Discharge of the Kettle River
near Laurier, Washington over an 80 year period of record (1929–
2009) averaged (ranged) 2,906 (70–35,000) cfs. Monthly mean
discharge averaged (ranged) 656 (176–3,815) cfs in October, 739
(202–2,600) cfs in November, 599 (154–2,652) cfs in December,
520 (76.5–1,509) cfs in January, 567 (97.9–1,988) cfs in February,
1,089 (212–4,247) cfs in March, 5,209 (1,207–12,170) cfs in April,
12,110 (4,264–18,260) cfs in May, 9,162 (2,888–17,650) cfs in June,

A. T. Scholz
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52-58,
60-74, 7987, 89-95,
98-04, 07

Heritage Lake

1,053,081

458,735

75-76, 78-79,
87-89, 93-97,
05-07

40, 78-79,
81-89, 93-97,
05-07

19, 21
53-57,
60-61, 6367, 69-70,
83-94, 95,
98-04, 07

Colville River (Upper)

Gillette Lake

19, 21

10, 14, 16,
18, 22, 34-37,
39, 43-49, 51,
61, 63, 70,
91-99, 05-06

Colville River (Lower)

231,847

95,180

64,460

70,000

185,000

596,934

447,005

723,794

17

17-18, 21

20,000

70,000

19

40

Years

30,000

49,950

Total #

30,000

5,000

105,000

55,000

219,000

Table 5.93 continued on next page

15

15, 19, 20

19, 20

14-18

364,000

10,000

Total #

BRK

15-20, 22

16

Years

15

Colville River

14, 16, 17,
19, 33,
36, 37

15-17, 19, 20,
36-47, 52-54,
61, 65, 70

10, 15-17,
19-22, 33-40,
44-45, 47-49,
51-56, 88-03

Total #

15

48,700

122,489

Years

KOK

Chewelah Creek
(North Fork)

14, 15,
17, 19

33-37, 39

71,387

14,980

Total #

STH

Chewelah Creek
(East Fork)

Chewelah Creek

Black Lake

1,500

61, 75

Beastrom Creek

Years

42, 46, 47,
51, 52, 55

75,024

Total #

38, 41

Years

RBT

Bear Creek

Total #

WCT
78-79, 81,
83, 84, 86,
90-00, 04, 06

Years

YCT

State and federal stocking records of salmonids in the Colville Sub-basin. Water bodies are listed in alphabetical order. Data from Kershaw (1904), Titcomb (1905), USBF (1905, 1907,
1908, 1909, 1910, 1911), Darwin (1916a, 1917, 1920, 1921a), Dibble and Kinney (1923), and WDFW fish stocking database (contains records from 1933-2010). Species include: Yellowstone
cutthroat trout (YCT), unkown and westslope cutthroat trout (wct), rainbow trout (RBT), steelhead trout (STH), kokanee salmon (KOK), brook trout (BRK). For each species, the
years in which stocking occured and the total number of fish stocked during those years is noted. (Page 1 of 2.)

Bayley Lake

Location
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248,872

225,044

41-42

20

34,208

7,500

16, 18

17, 19-22

150,000

473,000

Total #

41-49

33-42, 46

Years

2,287,117

1,241,855

Total #

Years

Total

Williams Lake

7,564,210

46, 50-95,
97-01, 03-06

13, 19-21,
35, 47-63,
65-68, 71-07

16, 19, 20,
57-61, 6871, 75-78

Waitts Lake

1,313,957

40, 54
15-16, 39-40,
42-44, 46-51,
75-76

Thomas Lake

2,643,533

15-16, 5258, 60-74,
78-81, 8387, 8995,
98-01, 07

Stranger Creek

40, 78, 87-89,
91-97, 05-07

10,981,017

1,137,721

5,825,525

502,520

26,475

71,364

16-21

1,030,145

317,145

15-17, 19,
21, 33-36

4,514,922

906,000

192,000

14-22

15, 16,
20-22

17

14, 16

3,208,800

5,000

150,000

15,000

1,800

376,000

265,000

18-21, 23 1,221,000

18-20

70,000

125,000

Total #

BRK

16, 20, 22

15, 16,
18-22

14, 15

Sherry Lake

15, 52-57,
60-61, 78,
83-87, 8995, 98-04

17, 20,
33, 38,
41, 43-45

65,611

36,783

928,870

Years

KOK

Narcisse Creek

48,000

8,000

72-85, 89, 9298, 03-04, 07

19, 72-79, 9394, 96, 01-02

18-22, 35,
38, 41-42

75,700

Total #

STH

1904

1903, 1909

32,967

118,800

301,725

08, 38-41, 4647, 87, 89, 94

Years

RBT

Mirror Lake
(Meyers Falls)

Mill Creek

84-86

17-22, 35

687,936

Total #

WCT

43, 52-58,
60, 62-74,
76, 78-79,
84, 89, 91

Years

McDowell Lake

40,000

Total #

19, 19

05, 17

Years

Little Pend
Oreille River

Little Pend
Oreille Lake

Little Chewelah Creek

Leo Lake

Huckleberry Creek

YCT

Table 5.93 concluded State and federal stocking records of salmonids in the Colville Sub-basin. (Page 2 of 2.)
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Figure 5.86

(A) Kettle River. Photo courtesy of Bob White CC-BY-NC-ND 2.0. (B) Kettle River. Photo courtesy of Len and Carole
Hoare, Colville and Kettle Falls Real Estate © 2011, all rights reserved.
A. T. Scholz
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2,730 (759–6,928) cfs in July, 797 (216–3,140) cfs in August, 604
(145–3,773) cfs in September.
A total of seven families and 31 species occur in the Kettle River
Sub-basin. A checklist of species that were distributed upstream
and downstream of Cascade Falls is recorded in Table 5.94.
In 1858, Charles Wilson, a member of the British Government’s
surveying team sent to map the United States / Canada boundary
(Northwest Boundary Survey), described the Kettle River Valley
on 31 August and 2 September.
“Oh! Valley of the Ne–hoi–al–pit–ku, how shall I sing
thy praises! Those shadowy groves…green hazel trees
overloaded with nuts…the silvery stream babbling along
through meadows of luxuriant grass…we found immense
quantities of fine nuts with which we filled our pockets…
the salmon were running up the river in great numbers.”
Spring / summer Chinook salmon spawned in the lower 40 km of
the Kettle River below Cascade Falls until 1939 when Grand Coulee
Dam blocked their run (Bryant and Parkhurst 1950; Fulton 1968).
Kokanee salmon,the landlocked form of sockeye salmon, were
first recorded from the Kettle River by C. B. R. Kennerly, a naturalist working for the United States during the Northwest Boundary
survey in 1858, and named Salmo kennerlyi by Suckley (1862). The
type specimen was placed in the United States National Museum
(National Museum of Natural History, NMNH 00002006 collected from the Ne–hoi–al–put–kwa River, Washington Territory).
Kokanee occur in Christina Lake, British Columbia (Nelson 1968d).
Nielson (1975b) reported that northern pikeminnow, miscellaneous minnows, mountain whitefish, and largemouth bass occurred in the Kettle River. Also, the tributaries (listed alphabetically) of the Kettle River contained various species of salmonids:
• Cabin Creek (unknown);

• Deadman Creek (rainbow trout, brook trout);
• Deer Creek (rainbow trout, brook trout);
• Deer Creek (west branch) (unknown);
• Dry Creek (South Fork) (unknown);
• Goosmus Creek (Big) (unknown);
• Lone Ranch Creek (brook trout);
• Long Alex Creek (brook trout);
• Matson Creek (brook trout);
• Mill Creek (brook trout);
• Sand Creek (unknown);
• Smith Creek (tributary of Mill Creek) (brook trout);
• Tonata Creek (brook trout). Kautzman (2004) reported that redband rainbow trout also occurred in
Tonata Creek;
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ern pikeminnow, leopard dace, speckled dace, Umatilla
dace, redside shiner, tench;

• Catostomidae: longnose sucker, bridgelip sucker;
• Salmonidae: mountain whitefish, rainbow trout, kokanee
salmon, brown trout, brook trout;
torrent sculpin;

• Curlew Creek (rainbow trout, brook trout);

• Toulou Creek (brook trout).

• Cyprinidae: chiselmouth, lake chub, carp, peamouth, north-

• Cottidae: prickly sculpin, mottled sculpin, shorthead sculpin,

• Cottonwood Creek (unknown);

• Toroda Creek (brook trout); and

Nielson (1977) noted that in 1976, brown trout (n = 2,500 legal
sized at 1.8 fish per pound) were planted in the Kettle River between
Danville and the mouth. Nielson (1977) also reported that a winter mountain whitefish fishery occurred in the Kettle River. In 1976,
8 creel checks counted 116 men with 347 mountain whitefish and
26 rainbow trout. Average catch per angler was 3.2 fish ⁄ angler. In
1977, 8 creel checks counted 22 anglers with 19 mountain whitefish
and 3 rainbow trout (Nielsen 1978). Average catch per angler was
0.7 fish ⁄ angler. In 1979, 36 anglers fished 45 hours in the Kettle River
to catch 58 mountain whitefish, 13 rainbow trout, and 1 brown trout.
Average catch per angler was 2.0 fish / angler (1.6 fish ⁄ hour) (Duff
et al. 1981). In November 1980, six anglers who had fished a total of
7.5 hours caught 5 mountain whitefish (Duff et al. 1982). Washington
Department of Fish and Wildlife (WDFW) conducted from 1–9
creel surveys annually in the Kettle River in 1948–1949, 1951–1952,
1958–1962, 1965–1968, 1970, and 1973, many during the winter to
monitor the winter fishery for mountain whitefish. During these
surveys a total of 568 anglers were interviewed with 2,266 total fish
(CPUE = 4.0 fish ⁄ angler), comprised of 94.4% mountain whitefish
(n = 2,138), 4.3% rainbow trout (n = 98), and 1.3% largemouth bass
(n = 30) (WDFW file data, Region 1, Spokane, Washington).
Troffe (1999) reported that the fish assemblage in the Kettle
River, British Columbia, was comprised of 6 families and 26 species, including:

• Centrarchidae: pumpkinseed, smallmouth bass, largemouth
bass; and

• Percidae: yellow perch, walleye.
In 1991, WDFW conducted snorkel surveys in two segments of the
Kettle River in Washington (Jackson and Lovgren 1992). The lower
segment was 7.5 km long downstream from Laurier, Washington
in the vicinity of the confluence of Boulder Creek. The upper segment was in the U–shaped loop between Midway, Washington and
Grand Forks, British Columbia between the confluences of Toroda
and Tonata creeks. Snorkelers observed rainbow trout, smallmouth
bass, and walleye in the lower segment, and rainbow trout and
brown trout in the upper segment. Those investigators did not report observing any other species during their surveys.
In the early 1990s WDFW began to manage the Kettle River for
native interior rainbow (redband) trout. Regulations were changed
so that anglers could keep only two fish over 12 inches and must
use selective gear to catch them. In 1993 and 1994, WDFW planted
52,000 redband trout into the Kettle River upstream of Curlew, of
which 18,200 were marked with adipose fin clips (Duff et al. 1995).
During the spring of 1995, 15 fly anglers were creeled. They had
fished a total of 87 hours to catch 186 trout, 15% adipose clipped and
85% wild. The redbands planted in 1993 were about 10 inches TL
and those planted in 1994 were about 6 inches TL (Duff et al. 1995).
Also, in 1995 and 1996, WDFW stocked 26,000 native redband yearlings into the Kettle River, all of them marked by fin clips.
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Table 5.94

List of fish species native (N) and introduced (I) to the Kettle River Basin reported by Peden
(1980), Jackson and Lovgren (1992), McPhail and Carveth (1994), Troffe (1999), McLellan and
Vail (2005), McLellen et al. (2001), and McLellan and Scholz (2001, 2002, 2003).

Family

Species

Cyprinidae

chiselmouth
lake chub
carp
peamouth
northern pikeminnow
longnose dace
speckled dace
Umatilla dace
redside shiner
tench
longnose sucker
bridgelip sucker
largescale sucker
tiger muskellunge
lake whitefish
mountain whitefish
rainbow trout
kokanee
brown trout
bull trout
brook trout
prickly sculpin
mottled sculpin
slimy sculpin
shorthead sculpin
torrent sculpin
pumpkinseed
smallmouth bass
largemouth bass
yellow perch
walleye

Catostomidae

Escocidae
Salmonidae

Cottidae

Centrarchidae

Percidae

Below Cascade
Falls

Above Cascade
Falls

Native (N) or
Introduced (I)

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

N
N
I
N
N
N
N
N
N
I
N
N
N
I
I
N
N
N
I
N
I
N
N
N
N
N
I
I
I
I
I

X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

¹ Tiger muskellunge were introduced in Curlew Lake by WDFW.

Drift boat electrofishing surveys were conducted by WDFW
over a 15 km segment of the Kettle River downstream from Ferry,
Washington on 12–13 July 2004 (McLellan and Vail 2005). A total
of 369 fishes were captured. Four families and at least 10 species
were represented in the catch, including (by relative abundance):

2001, 2002, 2003). A total of 614 fish were captured, representing 6
families and at least 18 species, including (by relative abundance):
• Cyprinidae: 8.6% carp (n = 53), 2.6% peamouth (n = 16), 6.2%
northern pikeminnow (n = 38), 0.3% tench (n = 2);

• Catostomidae: 2.6% longnose sucker (n =16), 0.2% bridgelip

• Cyprinidae: 1.4% chiselmouth (n = 5), 2.4% northern pike-

sucker (n = 1), 19.2% largescale sucker (n = 118);

minnow (n = 9), 0.5% speckled dace (n = 2), 11.4% redside
shiner (n = 42);

• Salmonidae: 0.2% lake whitefish (n = 1), 5.0% mountain whitefish
(n = 31), 6.8% rainbow trout (n = 427), 0.8% kokanee salmon
(n = 5), 0.2% bull trout (n = 1), 0.7% brook trout (n = 4);

• Catostomidae: 15.7% largescale sucker (n = 58);
• Salmonidae: 60.2% mountain whitefish (n = 222), 4.1% rain-

• Cottidae: 2.0% unidentified sculpin (n = 12);

bow trout (n = 15), 2.2% brown trout (n = 8), 0.3% brook
trout (n = 1); and

• Centrarchidae: 3.6% smallmouth bass (n = 22), 3.7% largemouth bass (n = 23); and

• Cottidae: 1.9% unidentified sculpin (n = 7).

• Percidae: 1.8% yellow perch (n = 11), 35.5% walleye (n = 218).

Boat electrofishing surveys were conducted in the lower 12 km
of the Kettle River between the mouth and Barstow Bridge each year
from 1997–2002 (McLellan et al. 1998, 2001; McLellan and Scholz

The bull trout was a spawned out female collected at the mouth
of Deadman Creek.
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Sculpins from the Kettle River included as voucher specimens
in museum collections include:
• slimy sculpin (UW 019953, collected 1 October 1991);
• shorthead sculpin (RBCM 984–456, collected 10
October 1985); and
• torrent sculpin (UMMZ 179434, collected in 1957).
Curlew lake, Ferry County, Washington has a mean depth of
13 m (42.6 ft) and maximum depth of 40 m (131.2 ft). The surface
area is 352 hectares (870 acres). The outlet of the lake is Curlew
Creek, tributary of the Kettle River. Curlew Lake is managed as
a mixed species fishery. Tiger muskellunge (n = 400 in 1998, 100
in 1999, and 350 in 2000) were stocked in an attempt to control
northern pikeminnow, which were abundant in the lake (Vail et al.
2001). In 1998 and 1999, WDFW surveyed Curlew Lake by electrofishing, gillnetting, and fyke netting (Phillips and Divens 2001). A
total of 1,331 fish were collected during these surveys:

• kokanee salmon stocked in Curlew Lake
(n = 12,724,135) in 1915, 1933–1936, 1938–1943, 1945–1946,
1957–1958, 1975–1976, 1978, 1985–1986 (Darwin 1917,
WDFW fish stocking database) and in Curlew Creek
(n = 54,000) in 1917, 1918, 1919 (Darwin 1920, 1921);
• brook trout stocked in Kettle River (n = 12,600) in 1914
and 1915 (Darwin 1920, 1921); in Big Boulder Creek
(n = 21,900) in 1918 and 1922 (Darwin 1921, Dibble
and Kinney 1923); in Little Boulder Creek (n = 14,600)
in 1918 and 1920 (Darwin 1921); in Curlew Creek
(n = 72,000) in 1914, 1921, and 1922 (Darwin 1916,
Dibble and Kinney 1923); (n = 18,600) in 1913, 1914, 1918
(Johnson 1914, Darwin 1916, 1920).

• Cyprinidae: chiselmouth (n = 10), peamouth (n = 11), northern

PEND OREILLE / CLARK FORK RIVER SUB-BASIN

• Catostomidae: bridgelip sucker (n = 1), largescale sucker (n = 6);

The Pend Oreille / Clark Fork River system flows 789.1 km
(490.4 mi) from its source (Silver Bow Creek) near Butte, Montana
[elevation: 2,089 m (6,882 ft) above MSL], in a northwesterly direction through Montana, Idaho, Washington, and British Columbia
to its confluence with the Columbia River (Columbia RKM 1,199.5,
left bank) [elevation: 418 m (1,371 ft) above MSL]. The drainage
area of the Pend Oreille / Clark Fork sub-basin is (66,822 km²)
(25,800.1 sq mi) (Hydrology and Hydraulics Subcommittee
1976). The river segments include 25.7 km in British Columbia
(RKM 0–25.7), 166.2 km in Washington (RKM 25.7–141.9), 99.4 km
in Idaho (RKM 141.9–241.3), and 548.7 km in Montana (RKM 241.3–
789.1) (Hydrology and Hydraulics Subcommittee 1976). Average
(minimum–maximum) discharge of the Pend Oreille River below
Box Canyon Dam near Ione, Washington (USGS gauge # 12396500)
was 26,230 (82–167,000) cfs over a 57 year period of record (water
years 1953–2009). A map and photographs of the Pend Oreille Subbasin are shown respectively in Figure 5.87 and 5.88.
Principle tributaries include: Salmo River, British Columbia
(RKM 21.4, right bank); Priest River, Idaho (RKM 153.2, right
bank); Flathead River, Montana (RKM 394.2, right bank); and
Bitterroot River, Montana (RKM 586.6, right bank) (Hydrology
and Hydraulics Committee 1976). The Clark Fork River forms
the principle inlet of Pend Oreille Lake, Idaho (RKM 223), and
the Pend Oreille River is the lake’s outlet (RKM 191.5). Albeni Falls
Dam, located 28.9 km below the lake’s outlet backs up with water
in the Pend Oreille River, Pend Oreille Lake, and lower 16.9 km of
the Clark Fork River to a surface elevation of 628.5 m.
Chinook Salmon and steelhead trout ascended the Pend Oreille
River at least as far as the Z-Canyon at RKM 29–36.5 (Bryant and
Parkhurst 1950; Fulton 1968, 1970; Gilbert and Evermann 1895; Scholz
et al. 1985, 2005b). Salmon and steelhead passed over a 3 m high waterfall near the mouth of the Pend Oreille River (RKM 0.5) to spawn near
the confluence of the Pend Oreille and Salmo rivers. How many, if
any, passed above the Z-Canyon is uncertain. It is usually assumed (by
hindsight and without the benefit of physical inspection of the canyon in its natural state) that the turbulent whitewater of the Z-Canyon
formed a velocity barrier which prevented the ascent of salmon and
steelhead. However, Charles Gilbert and Barton Evermann (1895) surveyed the entire length of the river between Albeni Falls and the inter-

pikeminnow (n = 252);

• Esocidae: tiger muskellunge (n = 11);
• Salmonidae: rainbow trout (n = 106); and
• Centrarchidae: smallmouth bass (n = 5), largemouth bass
(n = 929).

Curlew Lake was planted with 1,828,630 kokanee salmon
from 1975–1978 (Duff et al. 1978). No kokanee were checked in
annual creel surveys conducted at Curlew Lake after they were
planted (Duff et al. 1981). Rainbow trout, brook trout, and largemouth bass were also reported in Curlew Lake (Nielson 1977;
Duff et al. 1970).
The Kettle River Sub-basin has been stocked with:
• Yellowstone cutthroat trout in Kettle River (n = 20,000)
in 1913, in Big Boulder Creek (n = 27,500) in 1913
and 1915, Torada Creek in 1913, and in Curlew Lake
(n = 5,250) in 1919 (Johnson 1914, 1917; Darwin 1921a);
• cutthroat trout in Curlew Creek (n = 5,000) in 1914,
in Curlew Lake (n = 42,000) in 1920 (Darwin 1916;
Darwin 1921a);
• rainbow trout (n = 449,735) in the Kettle River in 1939,
1943–1944, 1946, 1948–1949, 1951, 1992–1994, 1996,
1998, 2000–2001, 2007. Since 1993, WDFW has stocked
interior rainbow (redband) trout. Before 1993, most
of the rainbow stocked were coastal rainbow trout
(WDFW fish stocking database). Rainbow stocked
included: n = 283,477 in Big Boulder Creek in 1921,
1935–1937, 1940–1945, 1947–1948, 1992–1994, 1996, and
1998 (Dibble and Kinney 1923; WDFW fish stocking database); n = 9,988,946 in Curlew Lake in 1933,
1935–1939, 1942, 1945–1949, 1951–1966, and 1968–2007
(WDFW fish stocking database); n = 1,100 into Little
Boulder Creek in 1950 and 1996 (WDFW fish stocking
database); n = 159,913 into Torado Creek in 1939–1940,
1942–1947, and 1996 (WDFW fish stocking database).
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• steelhead trout in Big Boulder Creek (n = 5,275) in 1921
and in Curlew Lake (n = 50,000) in 1921 (Dibble and
Kinney 1923);
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Columbia River Basin: Pend Oreille Subbasin
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Figure 5.88
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(A) Sonic and radio-tracking largemouth bass in the Pend Oreille River near Usk, WA. The poles sticking out of the water
were for holding log booms that were rafted down river to saw mills. (B) Sonic and radio-tracking largemouth bass in the
Pend Oreille River adjacent to the Kalispel Indian Reservation during a spring storm. (C) Historical photo of the Z Canyon
on the Pend Oreille River. The canyon was so narrow that a tree felled across the river made a bridge that connected both
shores. Image courtesy of Eastern Washington Historical Society, Northwest Digital Archives, Spokane, Washington.
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national boundary by steamboat and foot for the explicit purpose of
assessing obstructions to fish migration. In particular, they examined
Albeni Falls (RKM 145.0), the Box Canyon (RKM 55.0), Metaline Falls
(RKM 43.0), and the Z-Canyon (RKM 29–36.5) and concluded that
none of them represented a serious obstacle to fish migration.
Gilbert and Evermann (1895) visited the Z-Canyon (which was
also called Big Eddy Cañon) on 10 August, 1893 and related that
the full fury of the Pend Oreille River passed through a narrow
gorge about 4.8 km in length with vertical walls so close together
“That in one place a fallen tree lies across from one wall to
the other [Figure 5.88c]. The river rushes through this canon
with great fury, but there are no falls, and we do not believe
the ascent of the salmon would be seriously interfered with. If
it should be shown that salmon cannot swim against such a
strong current for so great a distance, we see no easy way by
which it could be made less difficult. There are some relatively
quiet nooks and eddies here and there, however, in which a
salmon would be able to rest and we therefore do not consider
Big Eddy Cañon a serious obstacle to the ascent of fish.”
Gilbert and Evermann (1895) also reported that salmon “could
probably ascend [Metaline Falls] without much difficulty” because,
although the river fell 30 ft it was over a series of limestone ledges
“in a series of rapids, there being no vertical drop at all.” At Box
Canyon there was “nothing to stop the ascent of salmon.”
The falls at the current site of Albeni Falls Dam was also not
a passage barrier. “These falls [were] scarcely more than a pretty
steep rapid and would not interfere at all with the ascent of salmon,”
(Gilbert and Evermann 1895). Rathbun (1895) observed that trout
(species not indicated) “pass freely up the falls.”
However, it is also clear that few, if any, anadromous salmon
and steelhead ascended the Pend Oreille River past Z-Canyon.
Exhausted after swimming 1,230 km up the Columbia and Pend
Oreille rivers, the turbulent water in the Z-Canyon was apparently
a velocity barrier for most anadromous fishes (Suckley and Cooper
1860; Waterbury 1883; Stone 1884, 1885). Stone (1884) wrote,
“I heard of salmon being caught all the way to the falls of
the Senniacwateen [i.e., the Indian name for Albeni Falls],
so the salmon are obviously not all stopped at the falls of the
Pend Oreille [i.e., either Metaline Falls or the Z Canyon],
though probably not a large proportion get by them. The
falls of Senniacwateen…mark the highest point of the upward migration of salmon [in the Pend Oreille Basin].”
Stone (1885) added
“Very few salmon reach Lake Pend Oreille or the Clark
Fork above the lake. The testimony of all persons consulted
on the subject at Deer Lodge, Missoula, Sandpoint, and
at various other stations of the railroad was unanimous
to the effect that no salmon were ever caught in the Clark
Fork or above. The cause of the absence of salmon in Lake
Pend Oreille or above is the falls of the Senniacwateen,
15 miles below the outlet of the lake.”
Adfluvial bull trout were present throughout the Pend Oreille
Basin both above and below the Z-Canyon. Born in tributaries
they migrated downstream into either the Pend Oreille or Clark
Fork rivers and then either upstream (if born in a tributary of the
Pend Oreille River) or downstream (if born in a tributary of the

Clark Fork River) to reach Pend Oreille Lake, where they grew to
sexual maturity before returning as adults to their natal tributary.
Bull trout require colder water than most salmonids (≤ 16°C). Pend
Oreille Lake is a large, deep oligotrophic lake, with plenty of oxygen in the cold waters of the hypolimnion. Therefore, migration to
Pend Oreille Lake serves as a cold water refuge as the water of the
Pend Oreille River warms up during the summer months. Dupont
et al. (2007) recently confirmed, via radio telemetry, that adult bull
trout that spawned in the East River, tributary of the Priest River
(a tributary that joins the Pend Oreille River downstream from the
lake), migrated down the East and Priest rivers, then up the Pend
Oreille River into Pend Oreille Lake. The following year they migrated out of Pend Oreille Lake and down the Pend Oreille River,
then up the Priest River into the East River to spawn.
Although the Z-Canyon and Metaline Falls was apparently a
barrier to most anadromous Chinook salmon and steelhead trout,
it is less certain that they were a barrier to bull trout. Anadromous
species had migrated about 1,230 km up the Columbia and Pend
Oreille rivers, so their energy reserves were likely depleted. It is
probable that a bull trout with a full store of energy may have
been able to ascend these obstructions, especially since the United
States Fish Commission biologists who surveyed the Z-Canyon
and Metaline Falls did not consider them to be serious obstacles
to fish migration.
Bull trout have a “remarkable ability to squirm over barriers"
(McPhail and Baxter 1996) and have been documented to surmount barriers that block rainbow trout (McPhail and Murray
1979). During upstream migration bull trout can traverse waterfalls, log jams, cascades, and other obstacles that are barriers to
salmon and steelhead (Kramer 1990; Brown 1994).
Biotelemetry investigations in the Kootenai River, Montana
demonstrated that bull trout were able to successfully ascend the
9.1 m (30 ft) high Kootenai Falls (Hoffman et al. 2002; Dunnigan
et al. 2003). The Kootenai River drops 24.7 m over a distance of
1.6 km through China Rapids and a series of limestone ledges. The
largest of these, Kootenai Falls, is roughly 9.1 m high depending
on the river stage.
On 7 October, 1999, a post spawning female bull trout migrating out of Quartz Creek, a tributary that enters the Kootenai River
upstream of Kootenai Falls, was implanted with a radio transmitter
(Hoffman et al. 2002). On 4 November, 1999 it was detected below
Kootenai Falls where it remained until July 18, 2000. When next
detected on 18 September, 2000 it had ascended above Kootenai
Falls. From 18 September to 27 September 2000 it migrated back
into Quartz Creek and was presumed to have spawned there a second time (Dunnigan et al. 2003). After spawning, the fish migrated
back into the Kootenai River and remained above the falls before
returning to Quartz Creek a third time between 20 August, 2001
and 24 September, 2001 (Dunnigan et al. 2003).
Prior to these data becoming available, it had been assumed
that Kootenai Falls was a formidable (and complete) barrier to fish
migration. The authors concluded, “This was the first recorded instance of a fish migration upstream over the falls; therefore the falls
is not a barrier to all upstream migration, though it does serve as a
migration impediment” (Hoffman et al. 2002).
The revelation that a radio tagged bull trout successfully ascended the 9.1 m high Kootenai Falls and whitewater of China
Rapids on the Kootenai River, which was formerly thought to be
insurmountable to migratory salmonids, is suggestive that move-
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ment of bull trout through the Z-Canyon and over Metaline Falls
was not beyond the realm of possibility, especially since Metaline
Falls is not nearly as imposing as Kootenai Falls. If bull trout
were able to move freely through this area, the construction of
Boundary, Box Canyon and Albeni Falls dams blocked their migration. Fragmentation of habitat in this manner could account for the
rapid decline in bull trout populations observed in the Box Canyon
Reach Pend Oreille River, especially if the majority of the bull trout
in tributaries entering Boundary and Box Canyon reservoirs had
an adfluvial (as opposed to resident) life history.
Cutthroat trout also occurred in the Pend Oreille Basin, mainly
above the Z-Canyon. They made the same types of adfluvial migration to Pend Oreille Lake just described for bull trout.
Over its course, the Pend Oreille / Clark Fork River is now
impounded by nine mainstem dams: Waneta and Seven Mile in
British Columbia, Boundary and Box Canyon in Washington,
Albeni Falls and Cabinet Gorge in Idaho, and Noxon Rapids,
Thompson Falls and Milltown in Montana. Each of these dams
fragmented and isolated a portion of the bull trout and cutthroat
trout metapopulation in the Pend Oreille / Clark Fork Basin because none of them were constructed with fish ladders. Locations
of each dam and the year it blocked migratory bull trout and cutthroat trout are described in Table 5.95. Scholz et al (2005b) provided a synopsis about what is known about bull trout populations
in each of these fragmented regions.
The segments of the Pend Oreille River located in eastern
Washington are Boundary and Box Canyon reservoirs [RKM 27.4–
145.0 (Rm 17.0–90.1)]. Tributaries that enter the Pend Oreille River
in Boundary Reservoir include:
• Pee Wee Creek (RKM 29.0, left bank);
• Lime Creek (RKM 30.7, right bank);
• Slate Creek (RKM 35.7, right bank) and its tributaries
Slumber, Styx, and Uncas Gulch creeks;
• Flume Creek (RKM 41.5, left bank);
• Sullivan Creek (RKM 43.3, right bank) including Sullivan
Lake, and its tributaries Harvey and Noisy creeks;
• Sweet Creek (RKM 49.7, left bank) and its tributary
Lunch Creek; and
• Sand Creek (RKM 50.8, right bank).
Twenty major tributaries enter Box Canyon Reservoir,
including:
• Cedar Creek (RKM 60.8, left bank);

• Renshaw Creek (RKM 67.6, left bank);
• Lost Creek (RKM 76.9, left bank) and its North and
South forks;
• Ruby Creek (RKM 83.7, left bank) and its North and
South forks;
• LeClerc Creek (RKM 90.4, right bank) including
its North, South, and Middle forks, Fourth of July,
Mineral, and Whitman creeks;
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• Tacoma Creek (RKM 102.5, left bank);
• Cee Cee Ah Creek (RKM 106.0, right bank) and its
principal tributary Brown’s Creek;
• Trimble Creek (RKM 106.6, left bank);
• Calispell Creek (RKM 112.0, left bank), including North,
Middle, and South forks, and Winchester Creek.
• Davis Creek (RKM 116.8, left bank) and its tributary
Deer Creek;
• Skookum Creek (RKM 117.8, right bank);
• Bracket Creek (RKM 124.1, left bank);
• Kent Creek (RKM 126.3, left bank) and its tributary
McCloud Creek;
• Indian Creek (RKM 130.7, right bank); and
• Marshall Creek (RKM 134.7, right bank).

Boundary Reservoir
Fish surveys were conducted in Boundary Reservoir and tributaries
by Peck (1982), BC Hydro (1991), Cascade Environmental Services
(1996), R₂ Resource Consultants (1998) and McLellan (2000, 2001).
Peck (1992) set gillnets in Boundary Reservoir at the mouths of Sand
and Sweet creeks in 1992. R₂ Resource Consultants (1998) set traps for
5,392 hours in 1996 and 1,105 hours in 1997 at the mouths of selected
tributaries and spent 17 days conducting creel surveys. McLellan
(2000, 2001) conducted 52 10-minute electrofishing transects, and set
37 horizontal gill nets and 28 vertical nets, at randomly selected sites
in Box Canyon Reservoir in 1999 and 2000. Additionally, McLellan
(2000, 2001) and sampled eight tributaries of Boundary Reservoir
at randomly selected sites by snorkeling and backpack electrofishing.
Peck (1982) captured 64 fish in three gill net sets, including:
• Cyprinidae: peamouth (or chiselmouth) (n = 1), northern
pikeminnow (n = 38);
• Catostomidae: unidentified sucker (n = 3);
• Salmonidae: mountain whitefish (n = 3), cutthroat trout (n = 1),
rainbow trout (n = 8), brown trout (n = 2);
• Centrarchidae: pumpkinseed (n = 1); and
• Percidae: yellow perch (n = 13).

BC Hydro (1991) sampled Boundary Reservoir in 1982 and
sampled 62 fish comprised of:

• Bid Muddy Creek (RKM 61.1, left bank);

• Mill Creek (RKM 93.8, right bank);

• Loop Creek (RKM 99.1, right bank);

• Cyprinidae: peamouth (n = 1), northern pikeminnow (n = 33);
• Catostomidae: largescale sucker (n = 3);
• Salmonidae: mountain whitefish (n = 4), cutthroat trout (n = 1),
rainbow trout (n = 5), brown trout (n = 2);
• Centrarchidae: pumpkinseed (n = 1); and
• Percidae: yellow perch (n = 12).

R₂ Resource Consultants (1998) collected 7 families (14 species)
of fishes in Boundary Reservoir, including:
• Cyprinidae: peamouth, northern pikeminnow;
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Table 5.95

Location [distance above the mouth in river miles (RM and river kilometers (RKM)], year that the dam became operational
(blocked fish passage), and current operators of the nine mainstem dams in the Clark Fork / Pend Oreille River Basin.

Mainstem Dam

RM

RKM

Blocked fish
migration in

Dam height (m)

Reservoir
Length (km)

Current operator
Tekcominco

Waneta

0.5

0.8

1954

76.0

10.0

Seven Mile

6.0

9.7

1980

67.0

19.5

BC Hydro

Boundary

17.0

27.4

1967

104.0

28.1

Seattle City Light

Box Canyon

34.5

55.5

1956

30.5

89.8

Pend Oreille Co. PUD
U.S. Army, Corps of Engineers

Albeni Falls

90.1

145.0

1952

19.8

77.3

Caninet Gorge

149.9

241.2

1952

48.7

32.2

Avista Utilities

Noxon Rapids

169.7

273.1

1960

79.3

61.1

Avista Utilities

Thompson Falls

208.0

334.7

1913

16.5

19.3

Montana Power

Milltown*

364.4

586.3

1907

6.0

Northwestern Power Company

* Milltown Dam on the Clark Fork River near Missoula, Montana accumulated toxic mining waste sediments from the Anaconda and Butte areas
in its reservoir. In 2006, the Clark Fork River was diverted into a man-made channel so the toxic sediments could be removed from the reservoir.
From 2000–2009 approximately 2.2 million cubic yards (over 3 million tons) of sediments were removed. Milltown Dam was decommissioned and
its spillway was removed in January 2009, so it no longer blocks fish passage. Water was allowed to flow through the newly restored Clark Fork
River channel in December 2010.
• Catostomidae: unidentified sucker;

• Sweet Creek: mountain whitefish (n = 1), cutthroat
trout (n = 73), rainbow trout (n = 81), brown trout
(n = 3), bull trout (n = 1), brook trout (n = 8);

• Ictaluridae: brown bullhead;
• Salmonidae: mountain whitefish, cutthroat trout, rainbow
trout, brown trout, bull trout, brook trout;

• Lunch Creek (tributary of Sweet Creek): cutthroat
trout (n = 41); and

• Cottidae: unidentified sculpin;
• Centrarchidae: pumpkinseed, smallmouth bass; and

• Sand Creek: cutthroat trout (n = 11), rainbow trout (n = 54).

• Percidae: yellow perch.

McLellan (2000, 2001) sampled a total of 1,930 fish in Boundary
Reservoir in 1999 and 2000, comprised of 7 families and 18 species,
including:
• Cyprinidae: peamouth (n = 141), northern pikeminnow
(n = 640), redside shiner (n = 201), tench (n = 29);
• Catostomidae: longnose sucker (n = 31), largescale sucker (n = 525);
• Ictaluridae: brown bullhead (n = 22);
• Salmonidae: mountain whitefish (n = 113), cutthroat trout (n = 2),
rainbow trout (n = 13), brown trout (n = 6), lake trout (n = 2);
• Gadidae: burbot (n = 4);
• Centrarchidae: pumpkinseed (n = 5), smallmouth bass
(n = 136), largemouth bass (n = 9, black crappie (n = 6); and
• Percidae: yellow perch (n = 115).

McLellan (2000, 2001) sampled eight tributaries of Boundary
Reservoir in 2000 and collected the following species (n = number
caught):
• Pee Wee Creek: cutthroat trout (n = 2), brook trout
(n = 3);
• Lime Creek: brook trout (n = 35);

Box Canyon Reservoir
Box Canyon Reservoir is 89.5 km (55.6 mi) long between Box
Canyon and Albeni Falls dams. The reservoir has a mean depth of
3–13 m (9.8–42.7 ft), and a maximum depth of 33 m (108.3 ft) just
upstream from Box Canyon Dam (Divens and Osborne 2010). The
surface area is 2,983 hectares (7,371.2 acres) and volume of water
is 8,610 hectare-meters (69,802.4 acre-feet) (Divens and Osborne
2010). Box Canyon is a run-of-the-river reservoir with a short water retention time that averages between 2–3 days.
Mean discharge of the Pend Oreille River below Albeni Falls Dam
has averaged 24.8 kcfs over a 77-year period of record (1904–1912,
1929–1941, 1953–2010). Typical summer discharge averages about
7 kcfs and typical peak spring discharge averages about 80 kcfs. The
flow in a given year is related to the amount of winter precipitation and
snowpack in the surrounding mountains. The minimum and peak discharges measured over the period of record were respectively 1.28 kcfs
(in 1961) and 138.2 kcfs (in 1997). Water temperature in the reservoir
typically averages about 10–12°C and high temperature during the
summer months reach about 21–24°C depending on the water year.
Before the construction of Box Canyon and Albeni Falls dams,
the Box Canyon reach of the Pend Oreille River was described as
“Clear and pure and cold—an ideal trout stream”
(Gilbert and Evermann 1895). Cutthroat trout were:
“abundant in this river; salmon trout [unmistakably identified as bull trout in the taxonomy section or their report]
are also quite abundant…we know of no stream which offers
finer opportunities for sport with rod and reel that the lower
Pend Oreille [i.e., the section between Newport Washington
(Albeni Falls) and the international boundary].”

• Slate Creek: cutthroat trout (n = 201), rainbow trout
(n = 2), brook trout (n = 30);
• Flume Creek: brook trout (n = 230);
• Sullivan Creek: mountain whitefish (n = 48), cutthroat
trout (n = 255), rainbow trout (n = 113), brown trout
(n = 10), brook trout (n = 257), unidentified sculpin (n = 6);
A. T. Scholz
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Apparently, bull trout persisted in good numbers throughout
this reach until the 1950s because “many large Dolly Varden [bull
trout]” were caught during a Field and Stream tournament held
on the Pend Oreille River in 1957 (Metaline Falls Gazette, 3 April,
1958). Also, during the Field and Stream tournament a 15 lb 8 oz
rainbow, a 13 lb 9 oz rainbow, and a 9 lb 8 oz rainbow were caught.
On 15 May, 1949 Don Earnest, [Region 1 Fish Manager Washington
Department of Game (WDG), Spokane, Washington] wrote a letter
to Clarence Patuzke (WDG, Seattle, Washington) that stated:
“Rainbow trout in large numbers are being caught in the
Pend Oreille River from fingerlings planted in 1946 and 1947.
Most of these fish are now 17–18 inches in length. Many large
fish are being taken. One rainbow trout had a dressed weight
of 13 lbs, 9 oz, length of 31 inches, and girth of 20 inches. Such
stream survivals have not been found elsewhere.”
Note that it is also possible that these large rainbow trout may
have been Kamloops rainbow trout that had been stocked in Pend
Oreille Lake and became entrained at Albeni Falls Dam. Recent
electrofishing surveys conducted in the spring below Albeni Falls
Dam have captured large rainbow trout that were believed to have
originated in Pend Oreille Lake (Geist et al. 1994; Scholz et al. 1995;
Paluch et al. 2009, 2010, 2011).
Until the dams were constructed, the free flowing Pend Oreille
River in the Box Canyon Reach continued to support both native
coldwater salmonids including mountain whitefish, westslope cutthroat trout, and bull trout, and introduced brown trout, rainbow
trout, and brook trout.
Following the construction of Box Canyon Dam in 1952 and
Albeni Falls Dam in 1955, the river became inundated by extensive
backwater sloughs formed at the junction of where many tributaries connected to the river. This, plus logging off most of the old
growth timber in the Pend Oreille Valley between 1915 and 1930,
increased the stream temperatures. Collectively, these activities
slowed the river, warmed the water temperatures, and inundated
backwater sloughs, which decreased habitat for cold water fish and
provided more suitable habitat for warm water species such as native northern pikeminnow, and introduced pumpkinseed, largemouth bass, black crappie, and yellow perch.
In 1958, Don Earnest (Regional Fish Manager, Washington
Department of Game Region 1, Spokane, Washington) wrote the
Box Canyon Reach was “a lost cause for trout and will be full of
[northern pikeminnow] in a few years.”
In August 1968, a northern pikeminnow derby was held and
during an 18 day period 3,350 northern pikeminnow and 27 game
fish were caught.
Fifteen fish surveys were made in Box Canyon Reservoir between 1987 and 2010. Barber et al. (1988), Skillingstad (1993), and
Skillingstad et al. (1993) sampled the segment adjacent to the boundary of the Kalispel Indian Reservation before and after a thermomechanical newsprint mill near the upstream boundary of the reservation became operational. From 1988–1990, Eastern Washington
University (EWU) and the Kalispel Tribe conducted fisheries surveys
funded by Bonneville Power Administration to identify fisheries
improvement opportunities in Box Canyon Reservoir (Barber et al.
1989a, 1989b, 1990; Ashe et al. 1991; Ashe 1992; Ashe and Scholz 1992).
Electrofishing, gillnets, and beach seines were employed to sample
fish in both the mainstem reservoir and sloughs roughly between
Ione and Newport, Washington. In 1989 and 1990, the University of
504

Idaho (UI) conducted electrofishing, gillnet, and beach seine surveys
throughout Box Canyon Reservoir funded by Pend Oreille County
PUD. In 2003, 2004, 2009, 2010, and 2011 Battelle Pacific Northwest
National Laboratories (BPNL), EWU, and the Kalispel Tribe teamed up
to investigate bull trout and cutthroat trout interactions with Albeni
Falls Dam (Geist et al. 2004; Scholz et al. 2005a, 2005b; Paluch et
al. 2009, 2010, 2011). These surveys employed mainly electrofishing,
with some fyke nets and angling, to sample fishes between Indian
Creek and the tailrace of Albeni Falls. Divens and Osborne (2010)
and Connor (2011a) conducted warm water fish surveys at randomly
selected sites in the mainstem reservoir and sloughs, using a combination of electrofishing, gill nets, and fyke nets in 2004 and 2009
respectively. Connor (2011b) conducted a mark–recapture estimate
of northern pike abundance at randomly selected sites in the mainstem and sloughs in Box Canyon Reservoir by using a combination
of electrofishing and fyke netting to mark the pike and setting gillnets to recapture them. During the recapture surveys, records were
kept of other fish caught incidentally in the gill nets.
These 15 surveys captured a total of 129,499 fish comprised
of 8 families and 32 species (Table 5.96), including (by relative
abundance):
• Cyprinidae: < 0.1% chiselmouth (n = 6), < 0.1% goldfish (n = 1),
< 0.1% lake chub (n = 1), 2.1% peamouth (n = 2,748), 7.2%
northern pikeminnow (n = 9,367), 0.1% redside shiner
(n = 184), 7.6% tench (n = 9,799);
• Catostomidae: 2.4% longnose sucker (n = 3,118), < 0.1% bridgelip sucker (n = 8), 5.9% largescale sucker (n = 7,697), < 0.1%
unidentified sucker (n = 9);
• Ictaluridae: 0.5% black bullhead (n = 555), 1.8% brown bullhead (n = 2,362);
• Esocidae: 0.9% northern pike (n = 1,194);
• Salmonidae: < 0.1% lake whitefish (n = 102), 5.2% mountain
whitefish (n = 6,702), 0.1% cutthroat trout (n = 159), 0.3%
rainbow trout (n = 356), < 0.1% cutthroat trout × rainbow hybrid (n = 4), 0.1% kokanee salmon (n = 164), 1.1% brown trout
(n = 1,437),< 0.1% bull trout (n = 32), < 0.1% lake trout (n = 25),
< 0.1% tiger trout (brook trout × brown trout hybrid) (n = 1);
• Cottidae: < 0.1% slimy sculpin (n = 1), < 0.1% unidentified sculpin (n = 55);
• Centrarchidae: 20.8% pumpkinseed (n = 26,873), 0.8% smallmouth bass (n = 1,055), 7.7% largemouth bass (n = 9,483),
2.5% black crappie (n = 3,268); and
• Percidae: 33.0% yellow perch (n = 42,675), < 0.1% walleye (n = 37).

Most of these fish were returned alive into the river near the
place they were caught.
I believe that two species do not belong on this list because they
were misidentified: chiselmouth and bridgelip sucker. Few individuals of either species were collected in the Pend Oreille and neither has been previously reported to occur anywhere in the Pend
Oreille / Clark Fork Basin in British Columbia, Washington, Idaho,
or Montana (Carl et al. 1967; Brown 1971; Scott and Crossman
1973; Wydoski and Whitney 1979, 2003; Simpson and Wallace 1982;
Holton and Johnson 1996). Bridgelip sucker are a fine scaled sucker
that resembles the longnose sucker, so I believe that they were misidentified longnose sucker. I also think that the chiselmouth were
most likely misidentified peamouth or northern pikeminnow.
Creel census data collected in Box Canyon Reservoir by WDFW
from 1946–1985 indicated that prior to 1958, the Box Canyon
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1989²

1989³

1990²

1990³
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9
17
–
75
–

–
–
–
29
114
1
30
25
–
79
–
–
–
–
–
41
–
21
–
5
18
6
–
1
–
1
–

EF

2003⁵

2004⁷

–
–
–
173
404
–
107
80
–
258
–
–
31
–
2
190
5
7
–
3
68
2
–
2
–
–
–
363
62
86
101
259
2
15,525 2,205

6
–
–
1,110
1,656
24
1,051
82
8
448
9
–
278
27
2
64
2
9
–
–
42
–
6
–
–
–
2
4,314
31
1,232
867
4,254
1

EF,
EF, FN
FN, GN

2004⁶

3,484

–
–
–
144
307
–
111
299
–
1,093
–
–
15
7
57
526
30
67
–
55
217
7
–
8
–
–
41
178
26
9
273
14

EF, A

2008⁸

2,581

–
–
–
56
284
–
59
233
–
495
–
–
9
5
29
359
35
82
1
33
248
4
3
6
1
–
–
41
288
13
13
277
7

EF

2009⁹

6,075

–
–
–
170
408
–
809
13
–
213
–
–
300
136
–
7
–
6
–
–
49
–
2
2
–
–
–
1,461
61
187
107
2,143
1

EF,
GN, FN

2,660

–
–
–
41
284
–
65
103
–
379
–
–
11
13
12
779
26
44
–
6
264
3
1
1
–
–
–
15
425
10
5
161
12

EF, A

6
1
1
2,748
9,367
184
9,799
3,118
8
7,697
9
555
2,362
1,194
102
6,702
159
356
4
164
1,437
29
24
25
1
1
55
26,873
1,055
9,483
3,268
42,675
37

Total

1,620 129,499

–
–
–
9
13
–
189
3
–
15
–
–
109
1,006
–
–
1
2
–
–
7
–
1
–
–
–
–
59
1
25
94
86
–

EF,
FN, GN

2009¹⁰ 2010 11 2010¹²

100

>.01
>.01
>.01
2.1
7.2
0.1
7.6
2.4
0.0
5.9
0.0
0.4
1.8
0.9
0.1
5.2
0.1
0.3
>.01
0.1
1.1
0.0
0.0
0.0
>.01
>.01
0.0
20.8
0.8
7.3
2.5
33.0
0.0

RA (%)

References: ¹ Barber et al. (1989); ² Ashe and Scholz (1992); Barber et al. (1989,1990); Ashe et al. (1991); ³ Bennett and Liter (1991); ⁴ Skillingstad et al. (1993), ⁵ Giest et al. (2004); ⁶ Divens and Osbourne
(2010); ⁷ Scholz et al. (2009); ⁸ Paluch et al. (2009); ⁹ Paluch et al. (2010); ¹⁰ Conner (2011); ¹¹ Paluch et al. (2011); ¹² Conner (2011).

6,235

6,562 23,634 18,524 15,946 10,519 13,457

–
–
–
137
302
2
1,052
363
–
592
–
–
185
–
–
709
8
10
–
32
105
1
3
3
–
–
1
1,465
–
912
156
4,481
–

Total

–
1
–
309
1,864
32
740
102
–
720
–
10
368
–
–
434
4
28
–
2
80
1
–
–
–
–
19
3,793
–
1,073
479
5,887
–

–
–
–
50
117
–
694
237
–
168
–
–
188
–
–
268
1
5
–
4
18
–
–
–
–
–
–
1,409
–
917
154
2,005
–

–
–
–
76
631
2
1,532
532
–
795
–
–
220
–
–
1,059
16
13
3
12
118
2
2
2
–
–
11
3,491
–
1,777
247
7,983
–

EF,
FN, BS

1991/92⁴

–
–
–
233
1,753
112
907
122
–
1,333
–
545
299
–
–
1,311
17
55
–
11
70
1
5
–
–
–
16
1,744
–
771
662
3,490
–

–
–
1
178
1,129
11
1,949
732
–
976
–
–
271
–
–
872
12
6
–
–
119
1
1
–
–
–
6
6,821
–
1,801
264
8,484
–

EF,
EF,
EF,
EF,
EF,
EF,
FN, BS FN, BS FN, BS FN, BS FN, BS FN, BS

1988²

–
–
–
33
101
–
504
192
–
133
–
–
78
–
–
83
2
1
–
1
14
1
–
–
–
–
–
1,856
–
636
110
2,817
–

Method(s)

Year Surveyed(Ref) 1987¹

Fishes captured during fisheries surveys in Box Canyon Reservoir, 1987–2010. EF = electrofishing, GN = gill netting, BS = beach seines FN = fyke netting, and A = angling.
– denotes that no individuals of that species were captured during the survey.

Species
chiselmouth
goldfish
lake chub
peamouth
northern pikeminnow
redside shiner
tench
Catostomidae longnose sucker
bridgelip sucker
largescale sucker
unidentified sucker
Ictaluridae
black bullhead
brown bullhead
Esocidae
northern pike
Salmonidae
lake whitefish
mountain whitefish
cutthroat trout
rainbow trout
cutthroat × rainbow
kokanee salmon
brown trout
bull trout
brook trout
lake trout
tiger trout
Cottidae
slimy sculpin
unidentified sculpin
Centrarchidae pumpkinseed
smallmouth bass
largemouth bass
black crappie
Percidae
yellow perch
walleye

Family
Cyprinidae

Table 5.96
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Reach of the Pend Oreille River was primarily a cold water fishery with mountain whitefish, cutthroat trout, rainbow trout, and
brown trout making up most of the creeled fish. Construction of
Box Canyon Dam resulted in the river being converted from a free
flowing system to a slow moving reservoir. The flooding resulted in
the formation of shallow sloughs that provided spawning and rearing habitat for warm water species such as largemouth bass, pumpkinseed, black crappie, yellow perch, and tench. The proliferation
of aquatic macrophytes in shallow sloughs provided ample cover
from predators that allowed the populations of these non-indigenous fishes to increase in abundance. After 1958, anglers fishing in
Box Canyon Reservoir harvested primarily warm water sport fish.
In 1988 and 1989, the Kalispel Tribe and EWU conducted a reservoir wide creel survey at Box Canyon Reservoir on 18 randomly
selected days (12 weekdays and 6 weekend days) each month. During
1988, anglers fished a total of 4,139 ± 467 hours to catch a total
(± 95% CI) of 10,082 (± 1,181) fish, comprised of 15 (± 2) peamouth,
411 (± 47) northern pikeminnow, 7 (± 1) tench, 28 (± 4) unidentified
sucker, 549 (± 77) brown bullhead, 146 (± 21) mountain whitefish, 91
(± 12) cutthroat trout, 20 (± 3) rainbow trout, 36 (± 4) brown trout,
757 (± 94) pumpkinseed, 3,434 (± 320) largemouth bass, 69 (± 8)
black crappie, and 4,519 (± 588) yellow perch (Barber et al. 1989).
During 1989, anglers fished a total of 3,029 ± 374 hours to catch a total of 18,171 (± 2,248) fish, comprised of 46 (± 5) peamouth, 826 (± 101)
northern pikeminnow, 34 (± 4) tench, 34 (± 4) mountain whitefish, 91
(± 11) brown trout, 181 (± 23) bull trout, 718 (± 88) pumpkinseed, 9,402
(± 1,169) largemouth bass, 719 (± 88) black crappie, and 6,120 (± 754)
yellow perch (Barber et al. 1990). Scholz et al. (2005) later modified
the bull trout catch to 40 (± 5) bull trout, which were only caught in
the upstream-most section of the reservoir, whereas when the estimate
was originally expanded, it was expanded to cover the entire reservoir.
Box Canyon Reservoir hosts several bass tournaments annually.
One to seven bass tournaments have been held between 1984 and
2009 (Divens and Osbourne 2010). Tournaments have been held
from April through August. A total of 107–252 anglers fished tournaments annually and caught 687–1,316 bass annually. The catch
has been predominately largemouth bass but in recent years a few
smallmouth were also caught. Bass caught by tournament anglers
have averaged about 1 kg (2.2 lb). The heaviest largemouth caught
on the Pend Oreille River (in 1988 and 2005) weighed 3.1 kg (6.7 lb).
Bennett and Liter (1991), Ashe and Scholz (1992), and the
Kalispel Tribe (1995–2004) have sampled tributaries of Box
Canyon Reservoir and found the following species in them:
• Bracket Creek: brook trout;

• Davis Creek: northern pikeminnow, redside shiner,
tench, largescale sucker, brown bullhead, mountain
whitefish, rainbow trout, brown trout, brook trout,
pumpkinseed, largemouth bass, unidentified sculpin;
• Deer Creek: brook trout, unidentified sculpin;
• Diamond Fork Creek: brook trout;
• Gypsy Creek: cutthroat trout, brook trout, unidentified
sculpin;
• Gypsy Creek (West Branch): cutthroat trout;
• Indian Creek: brown trout, bull trout, brook trout,
sculpin, ;
• Kent Creek: cutthroat trout, brook trout, pumpkinseed;
• LeClerc Creek: brown trout, bull trout, brook trout,
unidentified sculpin;
• LeClerc Creek (East Branch): rainbow trout, brown
trout, brook trout;
• LeClerc Creek (West Branch): cutthroat trout, brown
trout, brook trout;
• Lodge Creek: largescale sucker, brook trout;
• Lost Creek: mountain whitefish, rainbow trout, brown
trout, brook trout, unidentified sculpin;
• Lost Creek (South Fork): brook trout, sculpin;
• Maitlen Creek: cutthroat trout, brook trout;
• McCloud Creek: brook trout;
• Middle Creek: cutthroat trout, brook trout;
• Mill Creek: cutthroat trout, brook trout;
• Ruby Creek: mountain whitefish, cutthroat trout,
brown trout, bull trout, brook trout;
• Skookum Creek: cutthroat trout, brown trout, brook
trout, unidentified sculpin;
• Skookum Creek (North Fork): cutthroat trout, brown
trout, brook trout, unidentified sculpin;
• Skookum Creek (South Fork): brook trout;

• Browns Creek: brown trout, brook trout;
• Burnt Creek: cutthroat;

• Tacoma Creek: cutthroat trout, brown trout, brook
trout, unidentified sculpin;

• Calispell Creek (North Fork): rainbow trout, brook
trout;

• Tenmile Creek: brown trout;

• Calispell Peak Creek: brown trout, brook trout;
• Canyon Creek: brook trout;
• Cedar Creek: rainbow trout, brown trout, brook trout,
unidentified sculpin;
• Cee Cee Ah Creek: cutthroat trout, brown trout, brook
trout, unidentified sculpin;
• Cooks Creek: brook trout;
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• Cusick Creek: brook trout;

• Trimble Creek: brook trout; and
• Unnamed tributary (Browns Lake): cutthroat trout.
The Kalispel Tribe monitored upstream / downstream migration
trap at the mouths of 11 tributaries in Box Canyon Reservoir from
1998–2000 (Scott 1999; Lockwood et al. 2001). Tributaries monitored
[years(s)] and species (n = sample size) captured in each trap, included:
• Big Muddy Creek (1998): westslope cutthroat (n = 2),
rainbow trout (n = 2), brown trout (n = 1), brook trout
(n = 41), unidentified sculpin (n = 12);
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ments. These fish made several forays between a cold water refuge
about 1.0 km below the dam and the powerhouse / spillway of the dam
throughout the month of July, until they could no longer access the
cold water refuge. The cold water refuge was a culvert that connected
a cold water spring to the river. These fish were apparently using the
culvert as a staging area in what appeared to be futile attempts to find
upstream passage. In 2004, two bull trout captured below the Albeni
Falls Dam were implanted with radio transmitters and released above
the dam (Scholz et al. 2005a). These fish migrated upstream to Lake
Pend Oreille and eventually into bull trout spawning tributaries.
At the time they were captured a tissue sample was collected by
using a paper hole punch to punch a hole in the anal fin. The tissue
sample was sent to the United States Fish and Wildlife Service genetics
laboratory in Abernathy, Washington, where DNA was extracted from
the samples, amplified by polymerase chain reactions (PCR) techniques, and their microsatellite DNA base sequences at several gene
loci were compared to a database of similar DNA sample collected
from bull trout obtained from various bull trout spawning tributaries
throughout the Pend Oreille drainage. Previous genetic analyses had
revealed that owning to precise homing, bull trout populations in each
spawning tributary were genetically distinctive (DeHann et al. 2005,
DeHann and Arden 2008). The genetic analysis of the two fish captured below Albeni Falls Dam in 2004 predicted that the larger of the
two fish should spawn in Lightning Creek and the smaller fish should
spawn in Trestle Creek (Scholz et al. 2005). The larger of the two fish
was radio tracked into Lightning Creek during the spawning season
in 2004 and the smaller fish was detected in Trestle Creek during the
spawning season in 2005 (Scholz et al. 2005).
Paluch et al. (2009, 2010, 2011) have conducted similar studies with bull trout and cutthroat trout captured below Albeni Falls
Dam in 2008, 2009, and 2010 and obtained similar results. All of
the cutthroat and most of the bull trout in these studies were released below the dam in order to determine their interactions with
the dam. An additional eight bull trout were released above the
dam. One was not detected again. Five of them entered a spawning
tributary that was predicted by genetic testing. Two bull trout migrated to Lake Pend Oreille but have so far not entered a spawning
tributary. (See more discussion about these studies in the section
on bull trout behavior and ecology in Volume III, Chapter 16.)
Numerous fishes have been stocked in the Pend Oreille Basin,
by state and federal fisheries agencies, including:

• Cedar Creek (1998, 1999, 2000): longnose sucker
(n = 3), largescale sucker (n = 1), mountain whitefish
(n = 38), westslope cutthroat trout (n = 2), rainbow trout
(n = 24), kokanee salmon (n = 5), brown trout (n = 16),
brook trout (n = 37), unidentified sculpin (n = 12);
• Cee Cee Ah Creek (1998, 1999, 2000): northern
pikeminnow (n = 5), mountain whitefish (n = 2), brown
trout (n = 133), brook trout (n = 58), unidentified sculpin (n = 28);
• Indian Creek (1998, 1999, 2000): northern pikeminnow
(n = 2), longnose sucker (n = 1), westslope cutthroat
trout (n = 11), rainbow trout (n = 8), kokanee salmon
(n = 22), brown trout (n = 107), brook trout (n = 72),
unidentified sculpin (n = 13), yellow perch (n = 2);
• LeClerc Creek (East Branch) (1998, 1999, 2000): northern pikeminnow (n = 2), mountain whitefish (n = 3),
westslope cutthroat trout (n = 8), rainbow trout (n = 1),
kokanee (n = 3), brown trout (n = 58), brook trout
(n = 41), unidentified sculpin (n = 6);
• LeClerc Creek (West Branch) (1998, 1999, 2000): mountain whitefish (n = 6), westslope cutthroat trout (n = 2),
rainbow trout (n = 5), kokanee salmon (n = 1), brown trout
(n = 34), brook trout (n = 46), unidentified sculpin (n = 14);
• Middle Creek (1998): westslope cutthroat (n = 7),
brown trout (n = 1), brook trout (n = 11);
• Mill Creek (1998): westslope cutthroat trout (n = 2),
brown trout (n = 1), brook trout (n = 19), unidentified
sculpin (n = 6);
• Ruby Creek (1998, 1999, 2000): longnose sucker (n = 2),
largescale sucker (n = 1), mountain whitefish (n = 23),
westslope cutthroat trout (n = 4), rainbow trout (n = 21),
brown trout (n = 7), brook trout (n = 79), unidentified
sculpin (n = 2);
• Skookum Creek (1998, 1999, 2000): northern pikeminnow (n = 2), largescale sucker (n = 3), rainbow trout
(n = 3), brown trout (n = 168), brook trout (n = 126),
unidentified sculpin (n = 64);
• Skookum Creek (North Fork): mountain whitefish
(n = 1), brown trout (n = 166), brook trout (n = 41),and
unidentified sculpin (n = 16).
The lake whitefish, kokanee salmon, bull trout, and lake trout
found in Box Canyon Reservoir were most likely displaced downstream from Lake Pend Oreille, Idaho where all four species have
established natural spawning populations. All four species are occasionally displaced downstream during the spring freshet. More fish
are displaced in years with higher discharge than in years with lower
discharge. After entraining at Albeni Falls Dam, they tend to remain
at the upper end of Box Canyon Reservoir below Albeni Falls Dam.
All 201 of the lake whitefish, 110 of 165 kokanee, 24 of 31 bull trout,
and 20 of 25 lake trout captured in Box Canyon Reservoir were collected within about 5 km of Albeni Falls Dam suggesting that they
may be attempting to migrate back upstream above the dam.
Geist et al. (2004) captured 7 bull trout below the dam in early July
2003 and implanted them with radio transmitters to track their move-
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• Yellowstone cutthroat trout: 41,500 stocked in the Pend
Oreille river at Newport, Washington in 1901 and 1902
(Kershaw 1904), 5,000 stocked in Bead Lake in 1913
(Johnson 1914), 11,975 stocked in Kings Lake in 1907
(USBF 1908), and 20,500 stocked at six other locations.
Also, in 1930 and 1931, the Pend Oreille County Game
Commission received 100,000 Yellowstone cutthroat fish
each year that were planted into the Pend Oreille River
near Newport, Washington (Varley 1979). Additionally,
in 1932, 1935, 1936 and 1938, a total of 400,000
Yellowstone cutthroat trout were raised at the Pend
Oreille hatchery near Usk, Washington (Varley 1979);
• Westslope cutthroat trout or mixed stocks of cutthroat
trout (n = 13,200,069) stocked at 81 locations (see
Table 5.97);
• Rainbow trout (n = 9,955,440) stocked at 62 locations
(see Table 5.98);
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Table 5.97

Cutthroat trout stocked at locations in the Pend Oreille drainage, Washington, 1914-2007. Sources: Darwin 1916a, 1916b,
1917, 1920, 1921a, 1921b); Dibble and Kinney (1923); WDFW fish stocking database 33-07). Locations are listed in alphabetic
order, years in which they were stocked are listed, and the total number stocked in those years was summed.

Location
Bead Lake
Big Gypsy
Big Muddy Creek
Big Watch Lake
Brackett Creek
Browns Lake
Buchgrass Lake
Calispell Creek
Calispell Lake
Cee Cee Ah Creek
Cooks Lake
Davis Creek
Exposure Creek
Fence Creek
Fourth of July Creek
Granite Creek
Halfmoon Lake
Harvey Creek
Indian Creek
Johnson Creek
Kalispell Creek
Kent Creek
Kings Lake
LeClerc Creek (East Branch)
LeClerc Creek (Middle Branch)
LeClerc Creek (West Branch)
Lime Creek
Little Lost Creek
Loop Creek
Lost Creek
Lucerne Lake
Lunch Creek
Marshall Lake
McCloud Creek
Meadow Lake
Metcalf Lake
Middle Creek
Mill Creek
Mill Pond
Mineral Creek
Muskegon Lake
Mystic Lake
Niles Lake
Nina Creek
NoNeme Lake
Panhandle Lake
Parker Creek
Pend Oreille River
Petit Lake
Playa Lake
Pocohontas Creek
Power Lake
Redman Creek
Reynolds Creek
Ruby Creek
Salmo Creek
Sancon Creek
Sand Creek
Sema Creek
Skookam Creek
Slate Creek
Small Creek

Year(s) stocked
Total number stocked
38
200,700
70
450
41
38,150
70
675
39, 46, 47, 49, 54, 55
29,320
15, 16, 17, 19, 21, 22, 34-40, 42-69, 68-70, 72-76, 78-94, 97-07
2,021,883
54
9,750
37, 42
27,675
33
40,000
37-39, 44, 47, 49
62,147
41, 42, 79
10,560
49-50
63,985
44-45
21,635
44
2,900
49
4,278
44, 47
78,150
45-50, 62-66, 68, 80-81, 83-88, 98-07
218,352
21, 22, 34, 37, 39, 41, 43-45, 47, 49
493,072
38, 39, 40
126,547
48
7,075
42
10,775
55
1,400
15-18, 34-35, 41, 43, 45-46, 50, 61, 68, 71-81, 83-89, 91-94, 06
599,104
37, 47, 49
34,270
45, 47
171,000
37, 47, 49
42,318
15
15,000
54
9,000
44
2,630
39, 41, 43
29,478
44
6,000
47, 48, 49
19,020
14, 18, 53-58, 60-61, 63-70, 72-81, 83-90, 92-98, 01-07
2,262,522
39, 42, 44, 47, 49, 54-55
43,540
41
27,154
39, 95-96
7,207
39, 41, 44, 49, 55
36,210
38, 39, 41, 44, 47, 49
104,515
35
10,000
44, 49
4,976
36, 39, 41-42, 44, 46, 48-49, 51-55, 57-59, 61-67, 70-72, 74-77, 79-90, 92-94, 97-07
338,711
45-46, 49-59, 61-72, 74-77, 79, 80-81, 83-90, 92-94, 97-07
483,623
42, 43, 45, 46, 48, 49
203,359
44, 47, 48
38,725
45, 49-59, 61-72, 74-77, 79-81, 83-90, 92-84, 97-07
470,690
41, 42, 46, 57, 58, 85
26,195
44
1,000
45, 49
52,250
44, 70-72, 74-77, 80-90, 92-94, 97-07
135,166
48
2,225
49
4,884
33
40,000
44, 47, 49
24,664
48, 54, 55
8,180
44, 49
29,900
70
695
44, 49
7,458
38, 41, 49, 54
26,007
42
10,770
22, 40
33,572
41, 45, 54
73,660
26
12,000

Table 5.97 continued on next page
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Table 5.97 concluded Cutthroat trout stocked at locations in the Pend Oreille drainage, Washington, 1914-2007.
Location
Small Gypsy Lake
Small Water Lake
Spring Creek
Sullivan Lake
Sullivan Creek
Sullivan Creek (North Fork)
Swamp Creek
Sweet Creek
Tacoma Creek
Twelve Mile Creek
Usk Hatchery
Whitman Creek
Winchester Creek
Yokum Lake

Year(s) stocked
70
70
44, 48
15-17, 33-39, 41, 44, 46-47, 49, 59-60, 84-85
36-37, 43, 45, 47-49
49
44
44, 47-49, 54
37, 42-45, 47-49
59
40
41, 44, 47, 49
38
15, 44-50, 52-72, 74-81, 82, 83-90, 92-94, 97-99, 00-02, 07

Total

Table 5.98

Total number stocked
225
225
18,775
2,306,527
352,901
3,978
1,440
34,775
167,135
1,050
29,900
27,213
13,650
1,325,117
13,200,068

Rainbow Trout stocked at locations in the Pend Oreille drainage, Washington, 1913-2007. Sources: Darwin (1916a, 1917,
1920, 1921a); WDFW fish stocking database (1933-2007). Locations are listed in alphabetical order, years in which they were
stocked are listed, and total number stocked during those years are summed. (Page 1 of 2.)

Location
Anderson Lake
Babbitz Lake
Baker Lake
Bead Lake
Boundary Reservoir
Brownie Lake
Browns Lake
Calispell Creek
Calispell Lake
Canyon Lake
Carl Lake
Cee Cee Ah Creek
Conger Lakes
Conklin Lake
Cooks Lake
Crescent Lake
Davis Lake
Deception Lake
Half Moon Lake
Harvey Creek
Inlet of Parker Lake
Kalispell Creek
Kirge Lake
Le Clerc Creek
Lead King Lake
Lime Lake
Little Anderson Lake
Little Lost Lake
Little Muddy Creek
Marshall Lake
McNeil Pond
Meadow Lake
Mill Creek
Mill Pond
Muskegon Lake
Mystic Lake
New Moon Lake
Niles Lake
No Name Lake
Osthelle's Pond

Year(s) stocked
34-35
41, 43-46, 50-52, 57-59
40, 42-43, 47-64
34, 37-40, 45
39-44, 46-49, 51-60, 62-63
38-39, 43
96
37-39, 41-46-49
37, 39
51-52, 55-58
42, 95-07
40
93-07
42
42, 45-53, 57-67, 71-72, 74, 78, 80-87, 89, 91, 93, 95-07
39-49, 51-66, 69-76, 78-07
17, 39-44, 46-48, 57-61, 64-06
48, 50, 59-63, 73, 84, 98-99, 07
19-22, 33-37, 40-41, 43, 94-95
36
41-42, 45-46
41
17
39-40, 45, 98
42, 88-89, 91-94, 96, 98-99, 02-07
13, 96
34
39, 93-96, 98-07
44
17-18, 33-48, 96, 00
81-84
42, 44, 95
40
39, 41-45, 51-52, 53, 54, 65, 74, 75-96, 98-01, 03-04
42, 96
34, 59, 96
14
13, 42, 51-57, 94, 96, 98, 01, 03-07
42, 46-47, 49, 96
58

Total number stocked
229,800
168,204
173,503
312,656
131,252
31,710
5,115
153,623
31,750
20,101
55,076
3,595
34,324
6,800
181,240
462,893
1,241,140
35,657
339,130
22,500
63,670
33,500
21,125
87,875
37,328
17,000
20,000
38,303
42,140
470,844
3,065
81,105
29,278
545,357
3,045
49,979
12,683
204,465
28,774
4,000

Table 5.98 continued on next page
A. T. Scholz
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Table 5.98 concluded Rainbow Trout stocked at locations in the Pend Oreille drainage, Washington, 1913-2007. Sources: Darwin (1916a,
1917, 1920, 1921a); WDFW fish stocking database (1933-2007). (Page 2 of 2.)
Location
Panhandle Lake
Parker Creek
Parker Lake
Pend Oreille River
Power Lake
Reed Lake
Renshaw Creek
Ridge Lake
Ruby Creek
Skookum Creek
Skookum Lakes
Smalle Lake
Smutty Boy Pond
Sportsmen’s Pond
Sullivan Creek
Sullivan Lake
Tacoma Creek
Trimble Creek
Unnamed Lakes
Willy O Lake
Winchester Creek
Yokum Lake

Year(s) stocked
40, 42-43, 45-52, 56
38-43, 46-47, 93-94
95-95, 01-07
45-47, 51, 88-96, 98, 00-06, 40, 96
34-35, 38-49, 51-57, 61-64, 93-05
57
42, 44-47
50
37, 39-40, 93-99
43
93-07
46-48
93-96, 98
54-62, 78, 80, 82
40, 47-78
14, 18, 34-35, 38-41, 44, 65, 71, 73, 78, 80, 82, 84-86
39-41, 44-47, 63-64, 67, 69-76, 78
43
34
64
38-41, 43, 45-48
37, 39-42, 96

Total

9,900,440

• Steelhead trout (n = 903,000) planted in Bead Lake in
1915–1919, and 1921, 50,000 planted in Kent Creek in
1921, and 50,000 planted in Kings Lake in 1916 (Darwin
1916a, 1917; Dibble and Kinney 1923);
• Kokanee salmon (n = 19,191,678) stocked at 13 locations
(see Table 5.99);
• Brook trout (n = 10,541,136) stocked at 98 locations (see
Table 5.100);
• Lake trout (n = 282,125) stocked in Bead Lake
(n = 302,165 planted in 1921, 1933–1938, and 1967), Davis
Lake (n = 88,000 planted in 1913 and 1933), and Kings
Lake (n = 5,250 in 1936) (Dibble and Kinney 1923;
WDFW fish stocking database, 1933–2007);
• Arctic grayling (n = 22,344 planted in Kings Lake in
1987, 1988, and 1989) and (n = 4,587 planted in Marshall
Lake in 1991);
• Black bass (n = 1,150 stocked at 5 locations in 1907, 1908,
1910, and 1914); and
• Black Crappie (n = 200) stocked at Vanes Lake in 1986.
Attempts by EWU to collect white sturgeon by using 19 set lines
with 18 hooks each baited with herring set throughout the reservoir in 1988 failed to collect any (Barber et al. 1989). Also, an attempt by WDFW in 2005 to collect white sturgeon using set lines set
at approximately 2 km intervals between Box Canyon and Albeni
Falls dams failed to collect any (Howell and McLellan 2006). Also,
no white sturgeon have been reported in the Pend Oreille River
or Pend Oreille Lake, Idaho (Simpson and Wallace 1982) or in the
Clark Fork River, Montana (Brown 1971; Holton and Johnson 1996).
Walleye, smallmouth bass, and northern pike have recently invaded Box Canyon Reservoir. Smallmouth bass first appeared in
fish surveys in 2003, and walleye and northern pike first appeared
510

Total number stocked
102,638
87,907
13,461
8,865
731,489
510
74,875
2,475
42,064
9,600
162,229
39,300
2,676
102,166
80,385
2,369,922
335,393
3,700
45,000
8,400
153,260
90,520

in 2004. It is likely that all of these species were displaced downstream from the Clark Fork / Flathead rivers, where they have established natural spawning populations, following a 100-year flood
event that occurred in 1997.
Walleye populations have generally remained low but smallmouth
bass and northern pike have increased in abundance. The Kalispel
Tribe DNR confirmed that northern pike have successfully naturally
reproduced in many sloughs in Box Canyon Reservoir. Population
estimates of northern pike were made by the Kalispel Tribe in 2006
and 2010. In 2006, the population (± 95% CI) between Dalkena and
Tacoma creeks was estimated at 394 (260–808). In 2010, the population
between Pioneer Park and River Bend was estimated at 5,486 (4,870–
6,102), indicating that the population is growing exponentially (Jason
Conner, Kalispel Tribe, pers. comm.). The largest northern pike captured to date by EWU in Box Canyon Reservoir measured 1,350 mm
(53.1 in) and weighed more than 20 kg (44 lb).The second largest
northern pike captured in Box Canyon Reservoir measured 1,210 mm
(47.6 in) TL and weighed 12.8 kg (28.2 lb). The second heaviest northern pike measured 1,128 mm (44.4 in) TL and weighed 17.0 kg (37.4 lb).
WDFW planted a total of 753,000 walleye fry in Box Canyon
Reservoir in 1983 and 1984. Washington Department of Fish and
Wildlife (WDFW) also worked with anglers to catch 148 adult walleye in the Kettle Falls area of Lake Roosevelt in 1987. All of these
fish were tagged with floy tags, and transported by truck to Cusick,
Washington, where they were released in the Pend Oreille River.
However, no walleye were caught in fisheries surveys conducted by
EWU and the Kalispel Tribe from 1987–1992 (Barber et al. 1988, 1989,
1990; Ashe et al. 1991; Ashe and Scholz 1992; Skillingstad et al. 1993)
or in fisheries surveys conducted by UI in 1989 and 1990 (Bennettt
and Liter 1991). Moreover, none of the tagged walleye were turned
into WDFW or EWU by anglers who fished the Pend Oreille River.
In fish surveys conducted in 2004, 2008, 2009, and 2010
(Scholz et al. 2005; Paluch et al. 2009, 2010, 2011; Divens and
Osborne 2010; Connor 2011), a total of 37 adult walleye were col-
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Table 5.99

Kokanee salmon stocked at locations in the Pend Oreille drainage, Washington, 1915-2005. Sources: Darwin (1916a, 1917,
1921a); Dibble and Kinney (1923); WDFW fish stocking database (1933-2007). Locations are listed in alphabetic order, years
in which they were stocked are listed, and the total number stocked in those years was summed.

Location
Bead Lake
Big Muddy Creek
Cedar Creek
Davis Creek
Davis Lake
Harvey Creek
LeClare Creek
Lost Creek
Marshall Creek
Marshall Lake
Ruby Creek
Sullivan Creek
Sullivan Lake

Year(s) stocked
15, 16, 17, 33-48
19
19
43, 45, 49, 50
20, 33-36, 40-44, 47, 49
21
18, 19
19, 40
43, 49
16, 37-42, 44-48
18
21
19, 18, 33-45, 76, 03, 04, 05

Total number stocked
8,915,363
56,700
55,000
494,100
1,530,500
37,000
110,000
130,700
404,800
2,255,982
70,000
49,300
5,082,233

Total

Table 5.100

19,191,678

Brook trout stocked at locations in the Pend Oreille River drainage, Washingon. Sources: Kershaw (1904); Titcomb (1905); Darwin
(1916a, 1917, 1920, 1921a); WDFW fish stocking database (1902-2007). None were stocked after 2001 Location are listed in alphabetic
order, years in which they were stocked are listed, and the total number stocked in those years was summed. (Page 1 of 2.)

Location
Air force Survival School
Anderson Lake
Axel Creek
Baker Lake
Bead Lake
Bear Paw Creek
Big Muddy Creek
Boundary Reservoir
Braham Creek
Caldwell Lake
Calispell Creek
Carey Creek
Carl Lake
Cedar Creek
Caldwell Lake
Conger Lake
Conklin Creek
Cooles Lake
Coyote Creek
Cresent Lake
Cusick Creek
Davis Creek
Everett Creek
Fence Creek
Fish Pond
Flume Creek
Granite Creek
Halfmoon Lake
Harvey Creek
Huff Lake
Indian Creek
Jefferson Creek
Johnson Pond
Kings Lake
LeClerc Creek
LeClerc Creek (East Branch)
LeClerc Creek (Middle Branch)
LeClerc Creek (West Branch)
Lead King Creek
Lead King Lake

Year(s) stocked
68, 69, 83, 86
48
53
40-41, 43-45, 47, 48, 59-61
10, 22, 37
65
21, 22, 33-38, 78
33-35, 38
33
59, 79, 81-84, 86-98, 00-01
13, 14, 16, 19, 20-22, 33-37, 50, 71
41, 53-55, 57, 59
51, 62, 67-79, 81-89, 91-95
21, 22, 33-35, 37, 40, 41, 44, 46-47, 49, 54, 59
82
82, 84-92
81
46
57
33, 34, 38
05, 42, 44-47, 50, 70, 74-81 82, 83-87, 89
13, 21, 33-41, 45
81
78
03, 92
16, 33-37, 40-41, 44, 82
33-35
56-58
21
33-37, 40, 58
19-20, 22, 33-37, 41-42, 44, 78
41, 47, 49, 54
50
16, 19, 20, 22
16, 20, 22, 50, 60, 66, 81
34-37, 41, 62
41, 55
33-37, 41, 62
91
44, 82, 85, 86, 91, 92

Total number stocked
20,096
7,800
2,768
117,253
33,100
2,520
176,125
67,000
1,500
43,692
513,015
34,063
155,281
239,149
2,058
17,533
1,200
3,800
2,600
84,000
108,272
285,578
2,000
1,125
8,503
159,495
48,000
15,980
64,000
57,390
228,650
36,350
5,000
395,000
258,000
77,550
24,714
132,330
4,511
58,331

Table 5.100 continued on next page
A. T. Scholz
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Table 5.100 concluded Brook trout stocked at locations in the Pend Oreille drainage, Washingon. (Page 2 of 2.)
Location
Leadbetter Lake
Lime Creek
Lime Lake
Little Anderson Lake
Little Lost Lake
Little Muddy Creek
Lost Creek / Lake
Lucerne Lake
Marshall Lake
McNiel Pond
Mill Creek
Mill Pond
Miller Lake
Mystic Lake
Niles Lake
Ojibway Creek
Panhandle Lake
Parker Lake
Pee Wee Creek
Pend Oreille River
Petit Lake
Power Lake
Redman Creek
Renshaw Creek
Ruby Creek
Russian Creek
Sachene Creek
Sand Creek
Scotchman Pond
Skookum Creek
Skookum Creek (North Branch)
Skookum Creek (South Branch)
Skookum Creek (West Branch)
Skookum Lake
Slate Creek
Slumber Creek
Small Creek
Sportsman’s Pond
Sullivan Creek
Sullivan Lake
Sweet Creek
Tacoma Creek
Tiger Creek
Timber Mountain Pond
Trimble Creek
Truman
Vanes Lake
Vanes Lake (upper)
Winchester Creek
Yocum Lake

Year(s) stocked
92-93, 01
16, 40
16
48
41, 47, 50, 52, 54-56, 58-60, 73, 75-88, 90, 92
58, 54
13, 14, 16, 20, 46, 53, 57, 75, 82, 57, 59
47, 49-55, 57-59
14, 16, 19-22, 36-37
83
21, 34-37, 40
20, 22, 33-37, 62
64
10, 14
58-59, 61-66, 68, 73-76, 78-86, 88-91
54
37-41, 45, 57-58, 60-61, 64-67
14, 16, 20-21, 33-36, 40, 43, 49-53, 74-82, 84-88, 91-92
82
02, 04, 34, 40
33-41, 46-48, 50-52, 54-55, 60, 65
33-37, 40, 58-89
21, 22
78, 85, 86
16, 21-22, 33-38, 72, 74-82, 84-92
78
33, 36, 37
45
62
19-22, 33-37, 40-41, 43-44, 46-47, 52
19-22, 33-40, 42-43, 48-70, 73-93
16, 33-40, 42-44, 48-59, 61-67, 69-70, 73-83, 86-92
16, 35-37, 44
13, 14, 16, 19-22, 36-39, 77-78
33-34, 48, 81
81
20-22, 33-38, 80-98
65-66, 68, 71-74, 76, 83-84
33-34
33
21, 33, 82
16, 19, 21-22, 33-38, 67, 72-73, 76-78, 86
14
80
70, 74-75, 77, 79-82
85
33, 78-94
83
16, 21, 33-37
15, 16, 19, 22, 33-36, 42, 00

Total

10,799,136

lected throughout Box Canyon Reservoir. Most (n = 35) were collected in the 13 km segment between Indian Creek and Albeni Falls
Dam. Walleye ranging from 300–763 mm (11.8–30.2 in) were captured during these surveys. The source of these walleye appears to
be Pend Oreille Lake or the Clark Fork River above Albeni Falls
and Cabinet Gorge Dam. Walleye appear to have established natural spawning populations at these locations and are appearing in
Box Canyon Reservoir after entraining through Cabinet Gorge
and Albeni Falls dams.
512

Total number stocked
177,439
9,949
20,000
3,600
120,045
34,400
56,024
140,779
308000
93
129,988
331,370
2,500
26,000
184,038
2,600
226,314
427,077
1,176
52,713
273,287
203,298
20,000
6,210
237,760
1,500
95,000
11,000
5,170
442,393
984,305
985,793
115,660
319,440
38,550
1,000
3,051
62,938
53,000
4,701
29,176
481,429
5,000
570
12,132
3,600
83,537
2,000
140,000
428,199

In 1889, the United States Fish Commission planted 1.3 million
lake whitefish eggs obtained from Lake Superior into Pend Oreille
Lake, Idaho (Smith 1896; Evermann and Meek 1897; Chapman 1942).
Several other plants of lake whitefish subsequently followed. In 1910,
the United States Bureau of Fisheries stocked 18,000 lake trout (also
called Mackinaw trout) in Lake Pend Oreille, Idaho (USBF 1911).
Lake whitefish and lake trout that established natural spawning populations in Pend Oreille Lake sometimes entrain at Albeni Falls Dam.
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Sullivan Lake
A total of 10,259,857 fish were stocked in Sullivan Lake between
1904 and 2003 (Nine and Scholz 2005). Plantings included:
• 2,587,297 cutthroat trout, including 282,883 identified
as westslope cutthroat trout Oncorhynchus clarki lewisi
and 5,200 identified as Yellowstone cutthroat trout
Oncorhynchus clarki bouveri;
• 2,391,362 rainbow trout;
• 4,995,604 kokanee salmon;
• 9,980 Atlantic salmon;
• 20,103 brown trout; and
• 265,501 brook trout.
Plants of kokanee from 1913–1915 established a naturally spawning population in Harvey Creek, one of the two inlet tributaries
of Sullivan Lake. Additional plants of hatchery kokanee between
1933 and 1945 failed to improve the fishery, so kokanee plants were
discontinued after that date except for incidental plants in 1976. In
the fall of 2002, 142 male and 127 female kokanee entering Harvey
Creek were captured, spawned, and their progeny raised at the
Washington State Fish Hatchery in Colville. In 2003, 43,320 fry
were returned to Sullivan Lake. In most years since 2002, WDFW
has continued to trap kokanee spawners in Harvey Creek to collect
eggs and returned a portion of the progeny to Sullivan Lake.
At the time that kokanee became established, it was also observed
that a natural run of adfluvial westslope cutthroat trout migrated
from Sullivan Lake into Harvey Creek to spawn. The Washington
Department of Fish and Game operated a cutthroat trout egg collection and eyeing facility at Harvey Creek from approximately 1911–1923
(Darwin 1916; Dibble and Kinney 1923; Crawford 1979). Brown trout
grew well in Sullivan Lake. The Washington State angling record was
taken in Sullivan Lake in 1965. It measured 914 mm (36.0 inches) TL
and weighed 9.9 kg (22 lbs). However, it is unclear if brown trout have
developed self sustaining natural spawning populations in Sullivan
Lake since the numbers captured in fish surveys have remained low.
Washington Water Power Company conducted a gillnet survey
in Sullivan Lake in 1980. The catch included 15 fine scaled suckers
(species not identified of most likely longnose sucker), 2 mountain
whitefish, 3 cutthroat trout, 77 kokanee, and 8 brown trout.
WDFW conducted gillnet surveys at Sullivan Lake during June,
September, and October 1994 (Mongillo and Hallock 1995). Species
collected included 1 speckled dace, 4 redside shiner, 27 longnose
sucker, 3 mountain whitefish, 13 pygmy whitefish, 2 cutthroat trout,
3 rainbow trout, 11 kokanee, 2 brown trout, and 8 burbot.
Nine and Scholz (2005) sampled Sullivan Lake at monthly intervals from April to November 2003 using a combination of boat
electrofishing, horizontal gillnets, vertical gillnets, fyke nets, and
minnow traps. A total of 3,280 fish were sampled, comprised of 5
families and 11 species, including (by relative abundance):

In September 2003, WDFW estimated kokanee abundance of
Sullivan Lake using hydroacoustics and gill nets (Baldwin and
McLellan 2005). Hydroacoustic surveys enabled the investigators
to determine the size of fish targets and estimate the abundance
of each age class of kokanee. Gill nets captured 66 total fish comprised of 2% redside shiner (n = 1, 100 mm TL), 2% pygmy whitefish (n = 1, 139 mm TL), 12% cutthroat trout (n = 8, 382–376 mm TL),
77% kokanee (n = 51, 165–286 mm TL), and 8% burbot (n = 5, 288–
579 mm TL). Kokanee abundance (± 95% CI) was estimated at
103,281 ± 710,362 (age 0), 34,460 ± 23,702 (age 1), 22,220 ± 15,284
(age 2), and 10,030 ± 6,899 (age (3) kokanee.
From 2002–2006, WDFW monitored the spawning migration
of kokanee from Sullivan Lake into Harvey Creek by installing a
migration trap near the mouth (McLellan 2003, 2004, 2005, 2006,
2009; King and McLellan 2007). The estimated number of kokanee
entering the trap was 3,498 in 2002 (when an incomplete assessment was done), 9,231 in 2003, 14,125 in 2004, and 15,261 in 2005.
(See more information about kokanee trapping at Sullivan Lake
in the section on kokanee life history in Volume III, Chapter 16.)

Bead Lake
Bead Lake is a deep, cold, high elevation, oligotrophic lake with
steeply sloping shoreline and minimal littoral vegetation in the
Box Canyon drainage. Bead Lake, at an altitude of 857 m (2,811.7 ft)
above mean sea level, has a surface area of 292 hectares (721.5 acres),
mean depth of 30.3 m (99.4 ft), maximum depth of 55 m (180.4 ft),
and a volume of 95,851,404 m3 (77,708 acre-ft).
Bead Lake was formed at the end of the last ice age by a terminal moraine of sand, gravel, and cobble that dammed the western
end of three steep valleys underlain by metamorphic and igneous
rocks of the Belt Supergroup. The coarse glacial sediments were permeable but fine sediments (muds, silts, and clays) eroding from the
surrounding mountains became embedded in their interstices and
formed a partial seal, allowing Bead Lake to fill with water (Rader et
al. 2006). Water from the lake still percolates through the moraine
to form springs at the headwaters of Indian Creek. This addition of
ground water keeps the temperatures of Indian Creek relatively cool
throughout the summer, making it a good stream to harbor bull
trout. Bead lake is recharged by spring runoff from three inlet tributaries, Lodge Creek, Hay Creek, and an unnamed tributary. The approximate water retention time of Bead Lake is 39 years (Rader et al.
2006). The surface elevation fluctuates by as much as 5.5 m (18.0 ft)
depending upon long-term variation in precipitation (Rader et al.
2006). The surface elevation fluctuated by 3 m between the spring
and autumn of 2004, following a hot, dry summer (Rader et al. 2006).
Bead Lake is open to fishing year round and supports fisheries
for kokanee, lake trout, and burbot (Simmons et al. 1974; Nielson
1977, 1978; Duff et al. 1981). No stocking has occurred in Bead Lake
since 1965 and fish currently residing in the lake have established
self sustaining populations. Four families and 10 species of fish are
present at Bead Lake, including:

• Cyprinidae: 76.8% redside shiner (n = 1,575), < 1% tench (n = 2);

• Cyprinidae: peamouth, northern pikeminnow, speckled dace,
redside shiner;

• Catostomidae: 9.0% longnose sucker (n = 185);
• Salmonidae: < 1% mountain whitefish (n = 13), < 1% pygmy whitefish (n = 1), 1.6% cutthroat trout (n = 52), < 1% rainbow trout
(n = 12), 8.3% kokanee (n = 272), < 1% brown trout (n = 8);

• Catostomidae: largescale sucker;

• Gadidae: 7.3% burbot (n = 239); and

• Gadidae: burbot.

• Salmonidae: pygmy whitefish, kokanee salmon, brook trout,
lake trout; and

• Cottidae: < 1% slimy sculpin (n = 4).
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Bead Lake is best known for its state angling record burbot
[863 mm (34.0 in) TL and 7.8 kg (17.4 lb) weight, caught in 2004],
large lake trout [950 mm (36.2 in) TL and 9.5 kg (20.9 lb) weight],
and remnant population of pygmy whitefish (Rader et al. 2006).
Hallock and Mongillo (1998) reported that pygmy whitefish were
historically present in seven lakes in northeastern Washington but
currently they occur in only two, Bead and Sullivan lakes.
Yellowstone cutthroat trout, rainbow trout, coho salmon, and
brown trout have been stocked by state or federal fisheries agencies from 1903–1965, but failed to become established in the lake
(Rader et al. 2006). Additionally, largemouth bass have also been
illegally introduced in the past but failed to establish natural
spawning populations.
Bead Lake was stocked with a variety of salmonids by federal,
state, and county agencies, totaling 10,551,629 fish, between 1903
and 1965 (Table 5.101). Earnest (1963) discussed the efficacy of
plants made by WDFW between 1937 and 1949 and explained the
reason WDFW stopped stocking the lake after 1965 was because
the species had become established in the lake and that additional
plants did not increase yield caught by anglers. Plants of other species contributed minimally to angler creels.
WDFW conducted two fishery surveys at Bead Lake in 1993 and
1999 (Mongillo and Hallock 1995; Polacek et al. 1999). Mongillo
and Hallock (1995) collected 138 total fish in 10 gill net sets in June
1993. Three families and 7 species were represented in the catch:
• Cyprinidae: peamouth (n = 36), northern pikeminnow (n = 43),
redside shiner (n = 1);
• Catostomidae: largescale sucker (n = 18); and
• Salmonidae: pygmy whitefish (n = 3), kokanee (n = 33), lake
trout (n = 4).

Polacek et al. (1999) conducted gill net and hydroacoustic surveys in the limnetic zone of Bead Lake in September 1999. Five vertical and eight horizontal graded–mesh research gill nets were set
overnight to obtain a sample of fish for identifying hydroacoustic
targets. Gillnets sampled a total of 74 fish comprised of:
• Cyprinidae: peamouth (n = 11, 150–245 mm TL), northern
pikeminnow (n = 9, 357–530 mm TL);
• Catostomidae: largescale sucker (n = 2, 373–411 mm TL); and
• Salmonidae: pygmy whitefish (n = 3, 147–162 mm TL),

Table 5.101

kokanee (n = 46, 178–311 mm TL), lake trout (n = 3,
375–725 mm TL).

Based on hydroacoustic data and the relative abundance of the
gillnet catch, Polacek et al. (1999) estimated that the abundance
(± 95% CI) of each species was: peamouth (n = 23,262 ± 9,029),
northern pikeminnow (n = 19,033 ± 7,388), largescale sucker
(n = 4,229 ± 1,692), pygmy whitefish (n = 6,344 ± 2,463), kokanee
(n = 97,227 ± 37,759), and lake trout (n = 6,344 ± 2,436).
Rader et al. (2006) sampled Bead Lake at monthly intervals
from April to November 2004. A total of 5,941 fish was collected
with 68 10-minute electrofishing transects (6.8 hours effort), 50
gillnet sets, eight fykenet sets, 21 funnel trap sets, and 170 minnow
trap sets. Relative abundance of each species captured was:
• Cyprinidae: 9% peamouth (n = 541), 49% northern pikeminnow (n = 2,921), 20% redside shiner (n = 1,183), 8% speckled
dace (n = 454), < 1% tench (n = 1);
• Catostomidae: 5% largescale sucker (n = 302);
• Salmonidae: < 1% pygmy whitefish (n = 1), 8% kokanee salmon
(n = 458), 1% lake trout (n = 41), < 1% brook trout (n = 15); and
• Gadidae: < 1% burbot (n = 24).

Age analysis of burbot otoliths, indicated that burbot as old as
21 years occurred in Bead Lake but that only 13 cohorts were represented in the catch. This suggests that burbot may not be successfully reproducing each year in Bead Lake.
In 1939–1941, 1948–1951, 1953–1961, 1963, 1965, 1967–1969, 1971–
1972, 1974, 1976–1980, and 1984, WDFW made 100 creel checks in
Bead Lake. During these checks 1,819 anglers were checked with
4,997 total fish, comprised of 73 coho salmon, 31 rainbow trout,
4,228 kokanee, 7 brook trout, 95 lake trout, and 26 burbot (Simons
et al. 1974; Nielson 1977, 1978). Burbot were first reported in creels
in 1977, suggesting that they were not native to Bead Lake.
From January 2004 to February 2005 creel surveys were conducted on four randomly selected week days and at least two randomly selected weekend days / holidays each month. The data was
expanded to account for days not sampled. During this interval, it
was estimated that a total of 3,039 anglers fished a total of 12,045
hours to harvest 2,229 total fish, comprised of 230 northern pikeminnow, 824 kokanee, 601 lake trout, and 574 burbot (Rader et al.
2006).

Summary of fish stocked by federal agencies, state agencies, and the Pend Oreille County Game Commission in Bead
Lake 1903-1965. Sources: Kershaw (1904); Bowers (1905, 1907, 1909, 1911); Darwin (1918, 1919, 1921); Dibble and Kinney
(1923); WDFW fish stocking database 1933-1965; Earnest (1963).

Species

Year(s) stocked

Yellowstone cutthroat trout
rainbow trout
steelhead trout
coho salmon
kokanee salmon
brown trout
brook trout
lake trout

03, 38
34, 37-40, 45
19, 21, 33-36, 38
47-49
15-18, 33-39, 41-48
34
06, 08, 10, 22, 37
21, 33, 36, 38, 65

Total
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Total number stocked
205,000
316,750
523,246
330,750
8,204,363
653,000
36,395
282,125
10,551,629
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SNAKE RIVER TRIBUTARIES
PALOUSE RIVER SUB-BASIN
The Palouse River is 225 km (140 mi) long and enters the Snake
River at RKM 95 (RM 59.4). The Palouse River formerly flowed
through Washtucna and Esquetzel Coulees into the Columbia
River. About 14,000 years ago it was diverted from its paleodrainage course when flood waters from Glacial Lake Missoula eroded
a new and deeper channel southwest of Hooper, Washington into
the Snake River. About 10 km (6.4 mi) above its confluence with
the Snake the ice age flood sculpted the 61 m (200 ft) high Palouse
Falls, which falls in two steps of 20 and 180 ft into a deeply incised
canyon. The average (mean) discharge of the Palouse River is 17 (0–
787) m³ ⁄ sec [299 (0–27,800) cfs] A map and photographs of the
Palouse Sub-basin are shown in Figures 5.89 and 5.90 respectively.
The Palouse prairie region is composed of basalt overlain by
loess soils. Gov. I. I. Stevens referred to this region as "The Great
Plain of the Columbia." In the southern and eastern portion the
soil is composed of clay and loam hundreds of feet thick, forming a fertile prairie with rolling hills that resemble sand dunes. In
the northern and western portions, the soils are thin with basaltic
scab rock protruding, forming sagebrush desert. The northern and
western segments were scoured by ice age floods that eroded the
loess to basalt bedrock, then incased gorges into the basalt, creating 'the Channeled Scablands' of eastern Washington.
According to Isaac Ingalls Stevens, the first territorial governor of
Washington territory, “The home of the Palouse Indians [was near the
junction of the Palouse and Snake Rivers], where they devote much
of their time to salmon fishing. The salmon ascend to [Palouse] falls.”
The Marmes Rockshelter, discovered in 1962 near the confluence of the Palouse and Snake rivers, was radio-carbon dated at
11,230 years before present. It is the earliest record of human occupation in the Columbia Basin.
The Palouse River and its tributaries flow through a vast region
of prairie (the Palouse prairie) in southeastern Washington that
covers much of Adams, Franklin, and Whitman counties. The
prairie is characterized by hills formed as sand dunes with southwest slopes gently graded and northeast slopes steeply graded
(see Chapter 4 Geology for details about how they were formed).
Through this region the Palouse River flowed through a canyon,
featuring high buttes and ridges of lichen encrusted basalt. The lichens added vibrant green, orange, and yellow colors to the basalt.
Theodore Kolecki, a topographical engineer surveyed the Palouse
River and prairie in 1863 and recorded
“The valley of the Palouse is distinctly marked by rocky
bluffs and scattered stands of [Ponderosa Pine]…The river
flows through it in a serpentine course, first touching one side,
then the other. The current at these bends is swift, the depth
of the water from two to four feet, the bottom big boulders.
Above and below the current is [barely] perceptible and the
water is very deep… sarvice [i.e. service] berries, wild current and gooseberries grew in abundance along its banks.”

ily timbered with pine, but with very little underbrush.
Many trees are…three or four feet [in diameter], with
proportionate height…The great Fall of the Palouse…is
an extraordinary place for salmon, and, therefore, a great
resort for the Indians.”
Palouse Falls was definitely a migration barrier to anadromous
salmon. It is uncertain if resident salmonids occurred upstream
of Palouse Falls. The only indication that resident salmonids were
present comes from an account given by United States Army
Lieutenant G. Hunter who was detached to assist Indian Families
who lived along the Palouse River to survey and enter their land
claims under the Homestead Act in 1887. Hunter was travelling
by horseback, in the company of two Palouse Indians, along the
Palouse River about 40 miles west of Colfax, Washington, where a
cold spring entered the river. Hunter (1889) wrote:
“The two Indians dismounted and undressed; then taking a net, one at each end, they waded into the stream up
to their necks.”
Using sign language and charades, they motioned to Hunter
that he should jump into the river at a point downstream and create a commotion to drive the fish upstream into their nets. Hunter
complied and upon,
“Raising the net, we found two fine trout…that…each
weighed about a pound.”
This report suggested that some kind of salmonids were native
to the Palouse River before it was first stocked with salmonid fishes,
and before agriculture ruined spawning habitat by increasing the
sediment load in the river.
The Palouse River above its confluence with the Snake, is joined
by Cow Creek (right bank), Willow creek (left bank), Union Flat
Creek (left bank), Rock Creek (right bank) and its tributaries (Pine,
Cottonwood, and Imbler Creeks), Rebel Flat Creek (left bank), and
the South Fork Palouse River (left bank). Barrier Falls occur in the
Cow Creek (Cow Creek Falls) and the Rock Creek (Towell Falls,
Rock Creek Falls, and Pine Creek Falls) drainages. Cow Creek
and Rock Creek watersheds are characterized by chains of lakes
in basalt canyons (Hog Canyon, Fishtrap, Sprague, Finnel, and
Cow lakes in the Cow Creek drainage, and Chapman, Bonnie and
Rock lakes in the Rock Creek drainage). The largest and deepest
of these lakes is Rock Lake, in Whitman County, which is about
11 km (7 miles) long, over 122 m (400 feet) deep, and almost completely surrounded by vertical basalt cliffs that rise about 70–100 m
(200–300 ft) above the lakes surface. Isaac Ingalls Stevens, being
guided by Spokane Chief Garry, noted the Spokane Indian name
for Rock Lake and that the lake may have been a place where the
Indians went on vision quests to gain power. He (Stevens 1860)
wrote the following passage about Rock Lake.
“Garry assures us that there is a remarkable lake called
‘En-chush-chesh-she-luxum’ or ‘Never Freezing Water’…It is
so completely surrounded by high and precipitous rock that
it is impossible to descend to the water. It is said never to
freeze, even in the most severe winters. The Indians believe it
is inhabited by buffalo, elk, deer, and all other kinds of game,
which they say may be seen in the clear, transparent element.”

Isaac Ingalls Stevens described the Palouse prairie west of
Pullman, Washington in 1855.
“The whole view presents to the eye a vast bed of flowers
in all their varied beauty. The country is rolling table land,
and the soil like that of the prairies of [the Midwest]. The
bottom land of the Palouse has great resources. It is heav-

The lake was often called “the Spectre Lake” on account of these
mystic visions. For many years after farming commenced along
A. T. Scholz
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A

B

Figure 5.90

Palouse Falls. (A) Palouse Falls. Photo courtesy Bill Caid © 2009, all rights reserved. (B) Palouse river. Photo courtesy of
Jim Gillum © 2009, all rights reserved.
Figure 5.90 continued on next page
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C

D

Figure 5.90 continued (C) Steptoe Butte is a landmark that can be seen from many locations. The view here is from a wheat field about
25 miles away. (D) View of Steptoe Butte from a distance of about 1.5 miles.
Figure 5.90 continued on next page
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E

F

Figure 5.90 continued (E) View of falls on Pine Creek near the head of Rock Lake. (F) View of Rock Lake. The photograph was taken
on the west shore looking north.
Figure 5.90 continued on next page
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I

Figure 5.90 concluded Wheat, barley and lentils are the main crops grown in the Palouse sub-basin. (G) Two combines simultaneously
filling a wheat truck. (H) Self-leveling hillside combine used to harvest wheat crops near Rock Lake. (I) The wheat truck
delivers wheat to grain bins for storage.
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Rock and Pine creeks, the lake received tons of eroded Palouse
topsoil through its inlet and its waters were chocolate brown for
much of the year. At present (2010), much of the riparian corridors
of these streams have been placed in the Conservation Reserve
Program (CRP) and erosion has been reduced, restoring the lakes
transparency for much of the year. The reason why the lake probably does not often freeze is because the outflow of the lake is greater
than its inflow, indicating that a considerable volume of groundwater seeps into the lake from basalt aquifers.
At the time of its discovery by Euroamericans, the Palouse prairie was very different from the wheat, barley, lentil, pea, and canola
monoculture of today. It was a parkland composed of grasses and
forbes that formed a riot of colors in the spring and early summer
as wild flowers bloomed and created habitat for a variety of creatures, including songbirds, game birds, pygmy rabbits, tortoises,
and rattlesnakes. The prairie flowers bloomed in seasonal succession: first, pretty yellow buttercups and blushing pink and lavender
grass widows, followed by vibrant yellow bursts of balsamroot and
pale blue camas in wetter areas, then rosy or citron colored prickly
pear and evening primrose, and finally, at the onset of the summer
dry season, golden rod and sunflowers.
John Strachan, who assisted Captain John Mullan with the
construction of a military road across the Palouse prairie in 1860
described it:
"Here are some of the most beautiful flowers that could
possible be imagined; every tint of color and beauty of
form. It seemed almost merciless to tread them down."
Along the bottom lands of the Palouse River and its tributaries, the riparian zone contained clumps of alder and cottonwood.
Even at the height of the dry season, an occasional oasis could be
found in the parched landscape where springs released water from
underground aquifers. For example, in the Cow Creek drainage,
southwest of Sprague Lake in Adams County, several gushing
springs maintained the summer flow of the creek. One of these,
Lugenbeal Springs seeped out of the scab rock at the head of a box
canyon. The combination of the cold water and afternoon shade
afforded by the canyon walls created a deliciously cool microclimate in the narrow valley. The moisture was sufficient to support a
hanging garden of wildflowers on the cliff faces.
Another noteworthy topographic feature in the Palouse Basin
is Steptoe Butte (Figure 5.90) that rises about 2,000 feet above the
prairie in the Pine Creek drainage. The summit offers a breathtaking view of the Palouse Prairie over 360 degrees in all directions.
It was called Pyramid Peak by the first explorers in the region on
account of its resemblance to an Egyptian pyramid. Theodore
Kolecki (1863) was in the party of the first Euroamericans to climb
to its summit in 1863. He recorded that from the top of the butte
on a windy day,
“We had an [unobstructed] view of the whole country
for 80 miles around us in all directions…The whole country is rolling [undulating] prairie, very much resembling
a stormy sea.”
Charles Gilbert and Barton W. Evermann (1895), working
for the United States Fish Commission (USFC), conducted a fish
survey at one site on South Fork of the Palouse River at Colfax,
Washington in 1893, using a beach seine. University of Washington
Fisheries Biologist L. P Schultz and his students collected fish

from seven sites in the Palouse River, Rock Creek, and Pine
Creek in 1931–1933 and placed the specimens in the University of
Washington Fish Collection. Their results were summarized by
Schultz and DeLacy (1935 / 1936). Maughan et al. (1980) sampled
fishes at 13 sites in the Palouse mainstem (one below and 12 above
Palouse Falls), one site in Cow Creek (below Cow Creek Falls),
one site in Rock Creek (below Rock Creek Falls), two sites in
Union Flat Creek, and one site on the South Fork Palouse River
via backpack electrofishing.
Ashe et al. (1995), working for the Columbia River Intertribal
Fisheries Commission, sampled the 10 km section between the
mouth of the Palouse River and Palouse Falls by using 4.3 hours of
backpack electrofishing effort in 1993. Rubin (1999), United States
Geological Survey, Resources Division, sampled the fishes below
Palouse Falls by electrofishing and setting gill nets in 1999.
Havens (1996, 1997) worked as a volunteer for the Washington
Department of Fish and Wildlife (WDFW). He sampled 72 sites in
Union Flat Creek drainage (Union Flat Creek and headwater tributaries Cow Creek, Thorn Creek, and Little Thorn Creek) by setting
minnow traps and beach seining.
Scholz (2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008,
2009), at Eastern Washington University (EWU), sampled 7 sites
in the Palouse River, 7 sites in Rock Creek, 9 sites in Pine Creek
(tributary of Rock Creek), 1 site in each cache, Pine (North Fork),
Spring Valley, Squaw, Thorn, and Willow Creek (tributaries of Pine
Creek), 4 sites in Cottonwood creek (tributary of Rock Creek), 2
sites in Kamiche Creek (tributary of Cottonwood Creek), 4 sites in
Pleasant Valley Creek (tributary of Cottonwood Creek), 2 sites in
Imbler Creek (tributary of Rock Creek), 2 sites in Rebel Flat Creek,
4 sites in Union Flat Creek, and 6 sites in Cow Creek by backpack
electrofishing, setting minnow traps, and cast nets.
Nine et al. (2003), EWU, sampled fishes in 22 lakes, ponds, and
streams on Turnbull National Wildlife Refuge (TNWR), many of
which drain into Rock Creek, by backpack and boat electrofishing,
setting minnow traps, fyke nets, and beach seines.
Glover (2004), EWU, sampled fish distribution at 76 sites in the
Pine Creek drainage (n = 42 in Pine creek mainstem), 8 sites in Thorn
Creek, 5 sites in Cache Creek, 4 sites in Squaw Creek, 5 sites in North
Pine Creek, 4 in Spring Valley Creek, 2 in Cabbage Creek, 3 in Spring
Creek, and 1 each in Kelly, Willow, and South Pine Creeks. Fish were
sampled using backpack electrofishing and by setting minnow traps.
Fox (2005), EWU, sampled fish distribution at 54 sites in the
Cottonwood Creek drainage (n = 31 sites in the Cottonwood mainstem, 9 in Kamiche Creek, and 14 in Pleasant Valley Creek.) Fish were
sampled using backpack electrofishing and setting minnow traps.
Porter (2006), EWU, sampled fish distribution at 47 sites in
the Rock Creek drainage (n = 38 sites in Rock Creek mainstem, 7
sites in Imbler Creek, and 1 site each in Cottonwood and Kamiche
Creeks). Fish were sampled using backpack electrofishing and by
setting minnow traps.
Rabe et al. (1993), University of Idaho, sampled fishes at 2 sites
in Paradise Creek, a tributary of the South Fork Palouse River by
backpack electrofishing.
Nagler (1999), University of Idaho, set minnow traps at 1 site in
the Palouse River South Fork and 1 site in Paradise Creek.
Miller (1986), with WDFW, Spokane, Washington sampled
fishes by backpack electrofishing in Union Flat Creek at 4 sites
near Colfax, Washington. This study was conducted as part of a
fish kill investigation.
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Lawlor (2001), with WDFW, Spokane, Washington sampled
fish by backpack electrofishing at 1 site on the Palouse River, 6
sites in the Pine Creek drainage (1 each in Cache, Pine, North
Pine and Thorn Creeks, and 2 in Spring Valley Creek), and 2 sites
in the Cottonwood Creek drainage (1 each in Cottonwood and
Pleasant Valley Creeks).
Cochnauer et al. (2007), IDFG, sampled 3 tributaries of the
Palouse River in Idaho in 1997. Eleven sites were sampled in Big
Sand Creek, 10 sites were sampled in the North Fork Palouse River,
and 9 sites were sampled in Strychnine Creek. Von Lindern (1986),
Idaho Department of Health and Welfare sampled 2 sites on the
Palouse River in Idaho by backpack electrofishing.
Lines (1982), United States Department of Agriculture Soil
Conservation Service, sampled 2 sites in Cow Creek downstream
from Cow Creek Falls on the Coon Ranch in 1978 and 1982.
Munn (1993), USGS, collected fishes by backpack electrofishing
at 7 sites in the Palouse River drainage in 1992. Three sites were in
the Palouse River, 1 in the South Fork Palouse River, and 1 each in
Pine, Union Flat, and Paradise Creeks. Munn placed his specimens
in the University of Washington Fish Collection.
The Washington Department of Game in 1939 investigated
a fish kill at 4 sites in the Palouse River in conjunction with the
Colfax sewage disposal plant. One site was 0.25 miles above the
plant, 1 site was at the outlet of the plant, 1 site was 0.25 miles below
the outlet, and 1 site was 5 miles below the outlet.
Fish surveys, using boat electrofishing, gill netting, and fyke
netting were conducted at Sprague Lake (Cow Creek drainage) in
1977, 1978, 1985–1988, 1991, 1993–1994, and 1997–2006 (Duff et al.
1977b, 1979, 1980; Jackson 1984; Zook 1980, 1985, and 1986; Whalen
1989; Willms et al. 1989, 1987 and 1988; Willms 1989; Jackson 2000;
Taylor 2000, and 2000–2007; Scholz 2001, 2002, 2003, 2004, 2005,
and 2006; Schmuck and Peterson 2006; WDFW-FWIN 2003, 2004,
2005, 2006, 2007). A fish survey was also conducted at Cow Lake
(Cow Creek drainage) in 1998 (Jackson 1998b).
Fish surveys employing boat electrofishing, gill netting, and
fyke netting were conducted at Chapman Lake (in 2002 by Divens
and Osborne 2004), Bonnie Lake (in 2001 by Phillips 2006), and
Rock Lake (in 1999 by McLellan 2000), in the Rock Creek drainage.
WDFW conducted lake rehabilitations by using rotenone to
remove rough fish then stocking sport fishes at several lakes in
the Cow Creek drainage. Rehabilitations were conducted at Hog
Canyon and Fishtrap Lakes in 1958, 1961, 1969, 1976, 1983, 1985,
1989, 1998, and 2006, Sprague Lake in 1985 and 2006, and Hallin,
Cow, and Finnell Lakes in 1970, 1977, 1985, 1990, and 2006.
I have records of 2,458 total fish caught during fish surveys
conducted in the Palouse River mainstem above and below
Palouse Falls. Fishes collected below Palouse Falls included: chiselmouth (n = 8), carp (n = 45), peamouth (n = 1), northern pikeminnow (n = 27), longnose dace (n = 1), speckled dace (n = 15),
redside shiner (presence noted), tench (n = 1), suckers (n = 66) including bridgelip (n = 1) and largescale (n = 27) suckers, bullheads
(n = 16), channel catfish (presence noted), rainbow / steelhead
trout (n = 3), Chinook salmon (presence noted), brown trout
(presence noted), bull trout (n = 1), mottled sculpin (n = 15), Piute
sculpin (presence noted), pumpkinseed (n = 150), bluegill (n = 1),
smallmouth bass (n = 56), largemouth bass (n = 2), black crappie
(n = 154), yellow perch (n = 53) [Maughan et al. 1980; Ashe et al.
1995; Rubin 1999; Whalen 2000; Wallace 2001 (in 1976) and Milks
and Mendes (2004)].
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Fishes collected in the Palouse River mainstem above Palouse
Falls included: chiselmouth (n = 133), carp (n = 5), northern pikeminnow (n = 108), longnose dace (n = 13), speckled dace (n = 1,255),
redside shiner (n = 12), bridgelip sucker (n = 82), largescale sucker
(n = 164), mountain sucker (n = 2), yellow bullhead (presence
noted), brown bullhead (presence noted), channel catfish (presence noted), rainbow trout (presence noted), brown trout (presence noted), brook trout (presence noted), sculpins (presence
noted, including 25 mottled sculpin and three torrent sculpin and
other unidentified sculpin), pumpkinseed (presence noted), bluegill (n = 3), smallmouth bass (n = 10), largemouth bass (presence
noted), and black crappie (presence noted) [Schultz and DeLacy
1935 / 1936; Cheyne 1939; Schultz and Thompson 1936; Maughan et
al. 1980; Von Lindern 1986; Lawler 2001; Wallace 2001 (in 1976);
Scholz 2003; and Johnsen et al. 2007].
Fish collected in the South Fork Palouse River drainage included chiselmouth (n = 2), northern pikeminnow (n = 12), speckled dace (presence noted), redside shiner (presence noted) bridgelip sucker (presence noted), largescale sucker (n = 5), brook trout
(presence noted), and sculpins (presence noted) [Gilbert and
Evermann 1895; Schultz and DeLacy 1935 / 1936; Maughan et al.
1980; Munn 1993; Rabe et al. 1993; Nagler 1999; Johnsen et al. 2007].
Fishes collected in the mainstem, tributaries, and chain lakes
(Sprague, Cow, Hallin, and Finnell lakes) of the Cow Creek drainage, included: carp (n = 4,661); white sturgeon (n = 1); northern
pikeminnow (presence noted in Cow Creek but only below Cow
Creek Falls near Benge, Washington); longnose dace (n = 1); tench
(n = 611); sucker (n = 150 with bridgelip sucker the only species
with presence noted); yellow bullhead (n = 3,176); brown bullhead (n = 2,312); channel catfish (n = 120); redfin pickerel (n = 28);
Lahontan cutthroat trout (n = 296); rainbow trout (n = 1,131);
Chinook salmon (n = 66); brook stickleback (n = 1); unidentified
sculpin (n = 306); prickly sculpin (n = 207); mottled sculpin (n = 8);
torrent sculpin (presence noted); pumpkinseed (n = 77); bluegill
(n = 4,498); smallmouth bass (n = 685); largemouth bass (n = 2,412);
black crappie (n = 7,103); yellow perch (n = 2,558); and walleye
(n = 5,814) [Schultz and DeLacy 1936 / 1936; Maughan et al. 1980;
Duff et al. 1977; Zook 1980; Lines 1982; S. Jackson 1984; Whalen
1989; Willms 1989; Willms et al. 1989; Scholz 1994, 1997, 2000, 2001,
2002, 2003; C. Jackson 1998b, 2000; Taylor 2000; WDFW-FWIN in
2002, 2003, 2004, 2005, 2006, 2007; Schmuck and Petersen 2006].
Prior to a rehabilitation of the Cow Creek watershed using
rotenone in 1985, yellow bullhead were the predominate species
present. Since then only brown bullhead have been collected. It
is thought that brown bullhead and tench were prevalent in the
headwater chain lakes (Hog Canyon and Fishtrap lakes) and colonized the rest of the system by migrating downstream. In 1996
and 1997, WDFW planted about 17,000–20,000 channel catfish
into Cow Lake, but none were collected in a WDFW warm-water
fish survey conducted there in 1999 (Jackson 2000). From 1975
through 1978 fingerling Chinook salmon were planted in Sprague
Lake by the WDFW. They appeared in angler catches for a short
time but appeared to migrate down Cow Creek into Hallin, Cow,
and Finell lakes and then out of the drainage via the Palouse River.
The largest Chinook observed by WDFW creel clerks, measured 14
inches and was thin.
Fishes collected in the Rock Creek drainage, in the mainstem,
tributaries (Imbler, Pine, and Cottonwood Creek drainages), and
chain lakes (including several lakes in the Turnbull National Wildlife
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Refuge, Chapman, Bonnie, and Rock lakes) included: chiselmouth
(n = 20); carp (n = 2,036); fathead minnow (n = 1,550); northern pikeminnow (n = 10 all collected below Towell Falls on the Bureau of Land
Management’s Escure Ranch); longnose dace (n = 70); speckled dace
(n = 7,987); redside shiner (n = 5,678); tench (n = 719); bridgelip sucker
(n = 526); largescale sucker (n = 1,039); brown bullhead (n = 1,571);
redfin pickerel (n = 107); rainbow trout (n = 3,283); kokanee salmon
(n = 132); brown trout (n = 2,279); brook stickleback (n = 9,684); unidentified sculpin (n = 118); slimy sculpin (n = 1); shorthead sculpin
(n = 42); pumpkinseed (n = 4,669); bluegill (n = 835); smallmouth bass
(n = 267); largemouth bass (n = 2,907); black crappie (n = 2,606); and
yellow perch (n = 653) (Schultz and DeLacy 1935 / 1936; Maughan et
al. 1980, Munn 1993; McLellan 2000; Scholz 2000, 2001, 2002, 2003,
2004, 2005, 2006, 2007, 2008, 2009, 2010; Lawler 2001; Nine et al.
2003; Scholz et al. 2003, 2004; Divens and Osborne 2004; Glover
2004; Fox 2005; Phillips 2006; and Porter 2006).
The kokanee in the Rock Creek system are generally confined
to Chapman Lake, which has been planted with this species by
WDFW since the 1930s. The resort owner on Chapman Lake, Ole
Dyball built and operated a small kokanee hatchery for many years.
He received annual shipments of kokanee eggs from the WDFW
hatchery at Lake Whatcom and hatched and raised them for
stocking into Chapman Lake. A WDFW report (dated June 1955)
on file at the Region 1 office in Spokane, Washington noted that
the annual kokanee harvest by anglers fishing in Chapman Lake
typically numbered about 25,000–50,000 fish. A few kokanee have
escaped downstream past a water control structure at the outlet of
Chapman Lake and one was recovered in a 1999 survey in Rock
Lake (McLellan 2000). According to the aforementioned WDFW
report, mountain whitefish were formerly native to Chapman Lake,
although none were collected in a 2001 survey of the lake that employed electrofishing, gill netting, and fyke netting techniques to
collect fish (Divens and Osborne 2004).
Yellowstone Cutthroat trout (stocked in Chapman Lake), Atlantic
salmon (stocked in Rock Lake), brook trout (stocked at several locations in the Rock Creek watershed), and lake trout (stocked in
Bonnie Lake) failed to establish natural spawning populations and
have not been collected in any recent survey in the Rock Creek
watershed. Rock Lake has been stocked annually with brown trout
(from WDFW's Ford hatchery) and rainbow trout (Spokane hatchery
stock raised at Ford fish hatcheries) for a number of years. A fisheries survey conducted at Rock Lake by McLellan (2006) found no
evidence that these species were naturally reproducing in Rock Lake.
Instead, both populations appeared to be supported by annual hatchery plants. Rock Lake has also been periodically stocked with surplus
Lyons Ferry hatchery steelhead trout in some years. In 1999 WDFW
stocked steelhead at Johnson’s Beach, located in the middle of the
lake. I collected them at the outlet of Rock Lake, and at a site in Rock
Creek located 4 km below the outlet, on the same date approximately
two hours after they were stocked; so it appears that many of these
steelhead rapidly migrated out of Rock Lake shortly after stocking.
Fishes captured during fisheries surveys conducted in Union
Flat Creek included: chiselmouth (n = 14); carp (n = 3); northern
pikeminnow (n = 163); longnose dace (n = 1 present at one site
near the confluence of Union Flat Creek with the Palouse River);
Speckled dace (n = 4,546); redside shiner (n = 646); bridgelip sucker
(n = 205); largescale sucker (n = 8, collected at sites near the confluence); and rainbow trout (n = 156 plus 933 counted during a fish
kill investigation near Colton, Washington) [Maughan et al. 1980;

Miller 1986; Havens 1996, 1997; Scholz 1999, 2001, 2002; Wallace
2010].
Fishes caught during electrofishing surveys at 2 sites in Rebel
Flat Creek included 2 northern pikeminnow, 1 speckled dace, and
3 redside shiner (Scholz 2002).
A total of at least 35,685,502 fish , comprised of 19 species, were
stocked into the Palouse River, its tributaries, lakes connected to
its tributaries, and trout ponds, in Adams, Franklin, Lincoln and
Whitman Countries by federal and state agencies between 1891 and
2001. This number does not include fish stocked into selected lakes
not connected by inlets or outlets. The number stocked, by species, included: 21,059 bullhead catfish (yellow and brown bullheads), 41,098
channel catfish, 93,711 yellowstone cutthroat trout, 890,719 Lahontan
cutthroat trout, 460,622 westslope cutthroat trout, 11,489,085 rainbow trout, 1,944,773 steelhead trout, 16,511,5115 kokanee salmon,
3,000 Atlantic (land-locked Sebago) salmon, 1,089,873 brown trout,
2,107,053 brook trout, 7,995 lake trout, 25 pumpkinseed sunfish,
60,480 bluegill sunfish, 4,200 sunfish (species undetermined), 41,222
smallmouth bass, 201,235 largemouth bass, 63,759 bass (species undetermined), 42,342 crappie (species undetermined but mostly black
crappie have been observed in fisheries surveys and angler creel surveys), 52,075 yellow perch, and 559,231 walleye.
Fish stocked in the Palouse River mainstem, Whitman and
Franklin counties, included:
• bullhead catfish [(n = 7,000 in 1920 and 1933 (Dibble
and Kinney 1923; WDFW fish stocking database)];
• Yellowstone cutthroat trout [(n = 55,821 total in 1910,
1912, and 1916 (USBF 1911 Johnson; Darwin 1919);
• westslope cutthroat trout [(n = 104,577 total in 1915,
1916, 1918 and 1920 (Darwin 1917, 1918, 1921)];
• rainbow trout [(n = 139,748 total in 1912, 1914, 1915, 1916,
1917, 1919, 1920, 1939, and 1949–1957 (Johnson 1913,
1916; Darwin 1916a, 1917, 1919; WDFW fish stocking
database)];
• steelhead trout [(n = 20,000 in 1921 (Dibble and
Kinney 1923)];
• brown trout [(n = 500 in 1939 (WDFW Fish stocking
database)];
• brook trout [(n = 199,160 in 1913, 1917, 1919, and 1922
(Johnson 1914; Darwin 1916a, 1919, 1921; Dibble and
Kinney 1923)];
• crappie [(n = 5,000 in 1923; WDFW fish stocking database)]; and
• brook trout (n = 1,500) were stocked in the North Fork
of the Palouse River, Idaho in 1918 (O’Malley 1919).
Fishes stocked in the South Fork of the Palouse River included:
• 37,465 westslope trout stocked in 1915, 1917, and 1919
(Darwin 1917, 1919, 1920); 13,440 brook trout stocked
in 1908, 1913, and 1917 (USBF 1909; Johnson 1914;
Darwin 1919); and
• 400 yellow perch stocked in 1895 and 1896 (Ravenel
1896, 1898).
Fishes stocked in Paradise Creek, tributary of the South Fork
Palouse River, included 3,500 kokanee salmon in 1920 (Darwin 1921).
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Fish stocked in Willow Creek, tributary of the Palouse River,
Whitman County, included:
• westslope cutthroat trout (n = 27,415 in 1918 and 1919)
(Darwin 1919, 1920);
• rainbow trout (n = 13,068 in 1936, 1939, 1941, 1946, 1948,
1951, and 1955–1956) (WDFW fish stocking database);
• steelhead trout (n = 17,500 in 1921) (Dibble and Kinney
1923); and
• brook trout (n = 89,000 in 1916, 1922, and 1937)
(Darwin 1917; Dibble and Kinney 1927; WDFA fish
stocking database).
Fish stocked in Rebel Flat Creek, tributary of the Palouse River,
Whitman County, included:
• rainbow trout (n = 840 in 1956) (WDFW fish stocking
database); and
• brook trout (n = 15,500 in 1922) (Dibble and Kinney 1923).
Fishes stocked in Cow Creek, tributary of the Palouse River,
Adams County, included:
• yellowstone cutthroat trout (n = 15,007 in 1915) (Darwin
1917);
• westslope cutthroat trout (n = 163,702 in 1915, 1916, 1917,
1918, 1919, 1920) (Darwin 1917, 1919, 1921);
• rainbow trout (n = 363,697 in 1914, 1916, 1917, 1918, 1919,
1920, 1922, 1936, 1939–1944, 1946, 1949, 1951, 1957-1958,
1970–1974, 1977–1978, and 1980–1981) (Darwin 1916a,
1917, 1919, 1920, 1921; Dibble and Kinney 1923; WDFW
fish stocking database);
• steelhead trout (n = 20,000 in 1921) (Dibble and Kinney
1923);
• kokanee salmon (n = 213,000 in 1913, 1914, 1917, 1918,
and 1919) (Darwin 1916a, 1919, 1920, 1921);
• brown trout (n = 84,982 in 1949, 1952–1953, 1960–1964,
1966, 1971–1973, 1977, and 1979) (WDFW fish stocking
database); and
• brook trout (n = 866,849 in 1908, 1913, 1914, 19171922, 1933–1934, 1936–1937, 1941, 1970–1971, and 1980)
(Riseland 1911; Darwin 1916a, 1919, 1920, 1921; Dibble
and Kinney 1923; WDFW fish stocking database).
Fish stocked in Harder Springs Creek, tributary of Cow Creek,
Adams County, included:
• (n = 12,000) rainbow trout in 1946 and 1951 (WDFW fish
stocking database);
• (n = 25,000) kokanee salmon in 1920 (Darwin 1921); and
• (n = 43,364) brook trout in 1908, 1914, and 2 unspecified
dates after 1933 (Riseland 1911; Darwin 1916s; WDFW
fish stocking database).
Fishes stocked in Lugenbeel Springs Creek, tributary of Cow
Creek, Adams County, included 120 brook trout in 1991 (WDFW
fish stocking database).
Fish stocked in lakes of the Cow Creek drainage included:
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• Hog Canyon Lake, Spokane County [1,005,453 rainbow trout (in 1959–1961, 1963, 1965–1966, 1968, 1971–
1974, 1977–1979, 1981–1982, 1984–1988, and 1990–2001)
and 6,255 brown trout (in 1990–1991) (WDFW fish
stocking database)];
• Fishtrap Lake, Lincoln County [140 bullhead catfish (in
1922), 25,175 westslope cutthroat trout (in 1959), 4,130,004
rainbow trout (in 1956, 1959-1968, 1970–1975, and
1977–2001), 80,000 kokanee salmon (in 1922), 680 brown
trout (in 1986), 52,700 brook trout (in 1933 and 1934), 300
largemouth bass (in 1909), 3,537 bass (species unknown)
(in 1938), and 13,275 yellow perch (in 1939) (USBF 1909,
Dibble and Kinney 1933, WDFW fish stocking database)];
• Sprague Lake, Adams and Lincoln Counties [20,919
bullhead catfish (in 1922, 1940, and 1942), 41,098 channel catfish (in 1986, 1988, 1991, 1997, 1998, 1999, and
2001), 890,719 Lahontan cutthroat trout (in 1986, 1988,
1989, 1990, 1991, 1992, 1993, and 1994), 104,320 westslope
cutthroat trout (in 1995), 2,033,428 rainbow trout (in
1977 and 1986-2001), 632,040 steelhead trout (in 1991–
1993, 1995–1996, and 1998–2000), an unknown number
of Chinook salmon (in 1977), 25 pumpkinseed (in 1991),
41,824 bluegill (in 1986 and 1987), 4,200 sunfish (species
unknown) (in 1922), 149,657 largemouth bass (in 1891,
1922, and 1986), 222 smallmouth bass (in 1986), 40,186
bass (species unknown but probably largemouth) (in
1936, and 1938–1940), 416 adult white crappie (in 1980),
37,342 crappie (species unknown but probably black
crappie) (in 1922, 1940, and 1942), 38,400 yellow perch
(in 1891, 1922, 1939, and 1940), and 559,231 walleye (in
1986, 1990, 1995, and 1999) (McDonald 1893; Dibble and
Kinney 1923; WDFW fish stocking database);
• Hallin Lake, Adams County [8,257 rainbow trout (in
1986, 1988, and 1992), 2,955 bluegill (in 1986 and 1987),
and 1,795 largemouth bass (in 1986) (WDFW fish
stocking database)];
• Cow Lake, Adams County [17,350 channel catfish
(in 1996 and 1997), 273,784 rainbow trout (in 1951,
1986–1988, 1991–1993, and 1996–1997), 5,319 brown
trout (in 1983, 1987, and 1988), 13,145 bluegill (in 1986
and 1987), and 8,323 largemouth bass in 1986 and 1991
(WDFW fish stocking database)];
• Finnel Lake, Adams County [16,062 rainbow trout (in
1978, and 1986–1988), 3,016 bluegill (in 1986 and 1987),
11,795 largemouth bass (in 1922 and 1986) and 20,000
smallmouth bass (in 1992) (Dibble and Kinney 1923;
WDFW fish stocking database)]; and
• Lost Lake, Adams County [62,839 rainbow trout (in
1947–1951, and 1955–1961) and 5,000 brook trout (in
1938) (WDFW fish stocking database)].
Fish stocked in Rock Creek, tributary of the Palouse River,
Whitman and Spokane Counties, included:
• rainbow trout (n = 93,447) in 1907, 1915, 1935, 1939,1952,
1953, 1954, 1956, and 1958 (USBF 1909; Darwin 1917;
WDFW fish stocking database);
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• kokanee salmon (n = 32,000) in 1920 (Darwin 1921);

1966–1676, and 1978–2003 (Johnson 1916, 1917; WDFW
fish stocking database; Fox 2005); 297,230 kokanee
salmon in 1913, 1914, 1915, 1916, and 1920 (Darwin
1916a, 1917, 1921); 3,000 landlocked Atlantic (Sebago)
salmon in 1906 (USBF 1907); 946,522 brown trout in
1978, 1980–1990, and 1992–2003 (WDFW fish stocking database); 130,380 brook trout in 1914, 1933, and
1975 (Darwin 1916a); and 365 largemouth bass in 1899
(Ravenel 1900). Rainbow and brown trout are still being stocked annually in Rock Lake by WDFW.

• brown trout (n = 44,215) in 1899, 1906, 1933, 1934, 1936,
1937, 1938, 1941, 1948, 1959, and 1964 (Ravenel 1900;
USBF 1907; WDFW fish stocking database);
• smallmouth bass (n = 21,000) in 1922 (Dibble and
Kinney 1923);
• largemouth bass (n = 29,000) in 1921 and 1922 (Dibble
and Kinney 1923); and
• bass (species not identified) (n = 20,000) in 1936
(WDFW fish stocking database).

Fish stocked in Cherry Creek, tributary of the Palouse River,
Whitman County, included:

There are no records of any fishes that were stocked in Imbler
Creek, tributary of Rock Creek. Brook trout (n = 10,836) were
stocked in Packer Creek, tributary of Rock Creek, in 1948 and 1957
and 25,843 rainbow trout were stocked in Miller's Pond in 1947,
1950–1951, and 1953–1960 (WDFW fish stocking database). There
are no records of any fishes stocked in Cottonwood Creek, tributary of Rock Creek, but 1,800 steelhead trout were stocked in 1921
and 2,500 brook trout were stocked in 1922 into Pleasant Valley
Creek, tributary of Cottonwood Creek, near St. John, Washington
(Dibble and Kinney 1923). Rainbow trout (n = 53,564) in 1938–1939,
1941–1944, and 1947–1957, brown trout (n = 1,900) in 1954, and
brook trout (56,000) in 1934, 1936, 1937, and 1941 have been stocked
into Negro Creek, tributary of Rock, Creek, Whitman County.
Negro Creek joins Rock Creek above Rock Lake. Yellowstone cutthroat trout (n = 7,990), rainbow trout (n = 510), and brook trout
(n = 44,990) were stocked in Pine Creek, near Rosalia Washington,
a tributary that joins Rock Creek above Rock Lake, in 1917, 1948,
and 1937 and 1941 respectively (USBF 1918; WDFW fish stocking database). Rainbow trout (n = 1,487) were stocked in Thorn Creek in
1951 and 1952) and brook trout (n = 1,500) were stocked in the North
Fork of Pine Creek in 1907 (USBF 1908; WDFW fish stocking database). Thorn creek and North Fork Pine Creek are both tributaries
of Pine Creek, respectively in Whitman and Whitman / Spokane
Counties. Rainbow trout (n = 9,590) and brook trout (n = 8,000)
were stocked into Silver Creek, tributary of Rock Creek, in 1954–
1956 and 1951 respectively (WDFW fish stocking database).
Fishes stocked in lakes at the Rock Creek drainage included:
• Pine Lake on Turnbull National Wildlife Refuge
(TNWR), Spokane County (form the headwaters of
Rock Creek): An unspecified number of rainbow trout
were stocked annually between 1954 and 1966 (TNWR
records);
• Chapman Lake, Spokane County: 14,900 yellowstone
cutthroat trout in 1919 (Darwin 1921); 1,397,284 rainbow
trout in 1933 and 1937-2001 (WDFW fish stocking
database), 15,860,775 kokanee salmon in 1934–1938,
1941–1945, 1947–1948, 1950–1955, 1969–1970, 1974–1975,
1977, 1979–1980, 1995, and 2001 (WDFW fish stocking
database); 360,540 brook trout in 1922, 1933–1934, and
1936 (Dibble and Kinney 1923; WDFW fish stocking
database); and 3,995 lake trout in 1906 (USBF 1907);
• Bonnie Lake, Spokane and Whitman Counties: 3,990
brook trout and 4,000 lake trout in 1906 (USBF 1907); and
• Rock Lake, Whitman County: 1,362,367 rainbow trout
(from Spokane and Ford hatcheries) in 1915, 1916,

• Rainbow trout (n=6,200) in 1944 and 1947 (WDFW fish
stocking database); and
• Brook trout (n=15,020) in 1948 in 1948 and 1951 (WDFW
fish stocking database).
WDFW also stocked trout into ponds in the Palouse Sub-basin.
Fishes stocked into Garfield Pond, Whitman County, included:
66,511 rainbow trout (in 1960–1970, 1979, 1981–1982, 1984–1989,
1992–2001) and 3,985 brook trout (in 1974–1982). Fishes stocked
into Gilchrest Pond, Whitman County, included: 42,663 rainbow
trout (in 1978–1982). Rainbow trout (n = 3,000) were stocked
into a pond at LaCrosse, Washington in 1935 and rainbow trout
(n = 33,782) were stocked in Cannon Pond in 1955–1961 and 1965–
1967. Fish stocked into Pampa Pond, Whitman County, included:
249,930 rainbow trout (in 1947, 1949–1981, 1983–1984, 1986–1989,
and 1995–2001) and 10,171 brook trout (in 1974–1975, 1977–1979,
1981, and 1983–1984).
These stocking records show that WDFW stopped planting the
Palouse River and its tributary streams by the late 1950s or in early
1960s, and switched over to stocking more fish in lakes and trout
ponds. The reason for this change was that creel surveys indicated
that angler catch rates in the Palouse River and its tributaries were
poor. For example, during the period from 1941– 1957 and 1964–
1965, WDFW enforcement officers checked 728 anglers who caught
1,582 rainbow trout and seven black crappie, an average catch of 2.2
fish per angler in the Palouse mainstem. In Willow Creek, WDFW
checked six anglers with 23 fish, all stocked rainbow trout, an average catch of 3.8 fish per angler in 1951, 1953, and 1955. In Rock
Creek, in 1952, 1954, and 1956, and 1963–1974, WDFW checked 330
anglers who caught 307 bullheads, 532 rainbow trout, 21 brown
trout, 1 sunfish, 92 smallmouth bass, 88 largemouth bass, and 21
crappie. Total catch was 1,062 fish, an average of 3.2 fish per angler (1.6 rainbow trout per angler). Most of the harvest in each of
these streams occurred soon, within a matter of weeks, after the
fish were stocked in the spring (Earnest 1967). Moreover, few of the
stocked fish survived the low flow and warm stream temperatures
during the summer, and those that did were washed out by floods
and heavy silt loads the following winter and spring (Earnest 1967).
Consequently almost no carryover trout were caught the year after release and no natural reproduction occurred (Earnest 1967).
Hence, WDFW fish managers concluded that the cost of stocking
fish outweighed the economic benefits and abandoned planting
of trout into the Palouse River in 1957 and its tributaries by 1958.
Instead, WDFW focused on stocking trout into lakes and trout
ponds that produced greater creels of trout.
WDFW creel survey records were available for several locations
in the Palouse Basin including the Palouse River above Palouse
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Falls (for 1949, 1951–1957, and 1964–1965), Willow Creek (1951–
1953), Rock Creek ( for 1952, 1954, 1956, 1967–1971, and 2000–2002),
Thorne Creek (tributary of Pine Creek) (for 1950 and 1952), Dry
Creek (tributary of the Palouse River) (for 1950–1953 and 1956),
Garfield Pond in Garfield, Washington (for 1964–1968, 1979, and
1981), Pampa Pond (for 1957–1959, 1963-1970, 1972, 1977, 1979, and
1980), Dixons Pond (for 1955 and 1959–1960), Chapman Lake (for
1937–1941, 1948–1952, 1954–1972, 1977, 1980–1981, 1991–1993, and
2001–2002), Bonnie Lake (for 1950–1954, 1962, 1964–1969, 1971, 1977,
and 2001), Rock Lake (for 1963–1969, 1970, 1972, 1981, 1989, 1991–
1994, and 1999), Hog Canyon Lake (for 1952, 1960–1961, 1964–1973,
1978–1983, 1990–1996, and 2001–2002), Fishtrap Lake (for 1937–1939,
1951–1953, 1955–1975, 1979, 1981, 1986, 1990–1996, 1998, and 2000–
2001), Sprague Lake (for 1950–1958, 1961, 1962, 1965–1972, 1977–1982,
1985–1989, 1992–1994, 1999, and 2001), Hallin Lake (for 1977–1982),
Cow Lake (for 1977–1982), and Finnell Lake (for 1977–1982).
Creel surveys were conducted at Garfield trout pond in 1964–1967,
1979, and 1981. Anglers creeled (n = 101) caught 381 rainbow trout
and 36 brook trout (4.1 trout per angler). Creel surveys were conducted at McGannon and Gilchrest ponds in Colfax, Washington in
1961, 1965–1967, 1979, and 1981. Anglers creeled (n = 169) caught 701
rainbow trout and 47 brook trout (4.4 trout per angler). Creel surveys were conducted at Pampa pond in 1957–1959, 1963–1970, 1972,
1971, 1979, and 1981. Anglers creeled (n = 1,310) caught 6,580 rainbow
trout and 46 brook trout (5.1 trout per angler).
In the Cow Creek chain of lakes, creel surveys were conducted
at Hog Canyon Lake in 1960, 1961, 1964–1975, 1970–1983, 1991–1996,
and 2001–2002. Anglers creeled (n = 5,774) caught 20,899 rainbow
trout (3.6 trout per angler).
Creel surveys were conducted at Fishtrap Lake in 1937–1939, 1951–
1953, and 1955–1958, before extensive trout plants were made. Anglers
(n = 2,221) were creeled on 141 dates and caught 928 bullheads, 79 rainbow trout, 231 pumpkinseed, 163 smallmouth bass, 729 largemouth
bass, 15,753 black crappie, and 7,714 yellow perch (11.5 fish per angler).
Creel surveys were conducted at Fishtrap lake in 1960, 1961, 19631975, 1979, 1981, 1986, 1990–1996, 1998, and 2000–2001, after the period when the lake was rehabilitated and restocked with trout. Anglers
(n = 23,773) were checked on 279 days and caught 150,263 rainbow
trout, 1,999 cutthroat trout, and 25 bullheads (6.4 trout per angler).
Creel surveys were conducted at Sprague Lake in 1954–1958, 1961,
1963, 1965–1972, 1977–1982, and 1985, before the lake was rehabilitated
with rotenone and extensive trout and warm water fish plants were
made (Jackson 1984). Anglers creeled (n = 3,736) caught 97 carp, 80
tench, 6,253 bullheads (mostly yellow bullhead), 36 Chinook salmon,
201 rainbow trout, 21 pumpkinseed, 22 smallmouth bass, 335 largemouth bass, 3,993 black crappie, 4,689 yellow perch (a total of 4.2 fish/
angler). After 1985, when Sprague Lake was rehabilitated with rotenone
and stocked with a mix of coldwater and warm water fishes, creel surveys were conducted on 383 dates in 1986–1988, 1989, 1992–1994, 1999,
2000, and 2001, including yearlong surveys by EWU on 360 randomly
selected dates between 1986 and 1988, and 1999 (Whalen 1989; Willms
1989, Willms et al. 1989; Taylor 2000). Anglers (n = 143,509) caught 27
carp, 88 tench, 3,067 brown bullhead, 353 channel catfish, 216,807 rainbow trout, 31,407 Lahontan cutthroat trout, 16 prickly sculpin, 2,649
bluegill, 9,746 smallmouth bass, 10,238 largemouth bass, 1,344 black
crappie, 6,046 yellow perch, and 3,577 walleye (2.0 fish per angler).
Additionally, WDFW conducted a creel survey at Sprague Lake on five
dates during the winter of 2000 / 2001 (Korth 2001). Interviews were
conducted with anglers who had completed their trip (n = 250). They
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caught 5,976 black crappie, 13 bluegill, 4 yellow perch, and 9 walleye
(24 black crappie per angler) (Korth 2001). Expanding these numbers,
to account for the other 85 dates that winter that were not monitored,
yielded totals of 3,208 angler trips and about 77,000 black crappie, harvested during the winter season (Korth 2001).
At Hallin Lake, creel surveys were conducted from 1978–1982
(Jackson 1984). Anglers creeled (n = 78) harvested 106 yellow bullhead, 11 Chinook salmon, 2 largemouth bass, and 13 yellow perch
(1.7 fish per angler).
At Cow Lake, creel surveys were conducted from 1977–1982
(Jackson 1984). Anglers creeled (n = 471) caught 3 carp, 755 yellow
bullhead, 38 rainbow trout, 16 Chinook salmon, 20 largemouth
bass, 93 black crappie, and 132 yellow perch (2.2 fish per angler).
At Finnell Lake, creel surveys were conducted from 1977 to 1982
(Jackson 1984). Anglers creeled (n = 183) caught 280 yellow bullheads, 39 rainbow trout, 3 Chinook salmon, 3 largemouth bass, 2
black crappie, and 13 yellow perch.
In the Rock Creek chain of lakes, creel surveys were conducted
at Chapman Lake in 1937–1941, 1948–1952, 1954–1972, 1977, 1980–
1981, 1991–1994, and 2001. Chapman Lake has received large plants
of kokanee salmon and smaller numbers of rainbow and cutthroat
trout since the 1930s. Anglers creeled (n = 18,801) caught 1,145 bullheads, 151 mountain whitefish, 6 cutthroat trout, 12,023 rainbow
trout, 98,438 kokanee salmon, 264 brook trout, 746 pumpkinseed,
258 smallmouth bass, 2,005 largemouth bass, 5,706 black crappie,
and 7,348 yellow perch (6.8 fish per angler).
At Bonnie Lake, which has not been stocked with trout except
for a few brook and lake trout stocked in 1906 by the United States
Bureau of Fisheries, creel surveys were conducted in 1950–1954, 1962,
1964–1968, 1971, 1977, and 1994. Anglers creeled (n = 146) caught 232
bullheads, 20 pumpkinseed, 2 smallmouth bass, 95 largemouth
bass, 104 black crappie, and 386 yellow perch (5.8 fish per angler).
In 2001, a creel survey was conducted at Bonnie Lake on 56 randomly selected days between May and September (Phillips 2006). A
total of 181 completed anger trips were surveyed. They caught 1,376
total fish (7.6 fish per angler). When the dates were expanded to account for days not surveyed, it was estimated that 6,469 anglers had
harvested 12,843 fish, comprised of 7,493 black crappie, 2,269 brown
bullhead, 1,453 pumpkinseed, 1,210 yellow perch, 396 largemouth
bass, 10 carp, and 10 tench (Phillips 2006).
At Rock Lake, which was routinely stocked with rainbow, steelhead, and brown trout, creel surveys were conducted in 1963–1970,
1972, 1977, 1981, and 1991–1994. Anglers (n = 4,035) surveyed caught
45 brown bullhead, 1,625 rainbow trout, 41 brown trout, 2 sunfish
(pumpkinseed or bluegill), 117 largemouth bass, and 1,826 black
crappie. A year-long creel survey was conducted at Rock Lake in
1999, with sampling on 120 dates. When the angler effort and catch
were expanded to account for the days not sampled, it was estimated that 19,237 anglers fished 70,681 hours to catch 33,938 total
fish (1.8 fish per angler, 0.48 fish per hour), comprised of 1,462 carp,
174 largescale sucker, 44 brown bullhead, 2,825 rainbow trout, 19,206
brown trout, 1,200 bluegill, 171 smallmouth bass, 7,567 largemouth
bass, 1,046 black crappie, and 243 yellow perch (McLellan 2000).

TUCANNON RIVER SUB-BASIN
The Tucannon River arises at an elevation of 1,950 m (6,4000 ft) above
MSL in the Wenaha-Tucannon Wilderness (Umatilla National Forest)
of the Blue mountains in southeastern Washington and flows in a
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northwesterly direction for 113 km (70 miles) to join the Snake River
on its south (left) bank at Snake RKM 100.6 (Rm 62.5). At the confluence the elevation is 165 m (540 ft) above MSL. The principle tributaries
of the Tucannon River include Pataha [which enters the Tucannon at
Tucannon RKM 18 (Rm 11)], Cummings, Panjab, Turkey, and Meadow
Creeks. The Tucannon / Pataha watershed drains an area of 503 sq mi.
A salmon smolt trap is located about 3 km above the mouth. The
Tucannon fish hatchery is located about 59 km above the mouth. An
adult trap is located near the hatchery. A map and photographs or the
Tucannon Sub-basin are shown respectively in Figures 5.91 and 5.92.
The Washington Department of Ecology has issued water rights
that exceed the mean daily discharge of the river. (See Chapter 4 for
more details.) This has created adverse conditions for fish as the river
presently has insufficient summer discharge to protect salmonid
fishes due to low discharge and warm temperature. The Tucannon
River is home to four species that are listed as threatened or endangered under the Endangered Species Act of 1972. These include
Snake River spring / summer Chinook salmon, fall upriver bright
fall Chinook salmon, Snake River steelhead trout, and bull trout. All
tributaries and certain sections of the mainstem of the Tucannon
are closed to fishing to protect these federally listed species.
To increase fishing opportunities for anglers, the Washington
Department of Fish and Wildlife operates, maintains, and stocks
eight rainbow trout ponds along the Tucannon River for public
fishing. These include Beaver, Big Four (fly fishing only), Blue,
Curl, Deer, Rainbow, Spring, and Watson Lakes.
Two towns, Starbuck and Pomeroy, Washington are located in
the Tucannon drainage. Uplands in this drainage are predominately
coniferous forest that are under federal ownership in the Umatilla
National Forest. In the lowlands shrub-steppe and grasslands were
historically the dominant vegetation, but much of this land (under
private ownership) was converted to livestock grazing and cropland.
Sampling of fishes in Tucannon River was accomplished by several investigators (Gilbert and Evermann 1894; Jordan and Everman
1896–1900; Schultz and DeLacy 1936; Parkhurst 1950a; Basham and
Gilbreath 1978; D. W. Kelly & Associates 1982; Bugert et al. 1990, 1991,
1999; Martin 1992; Martin et al. 1992, 2000; Schuck et al. 1993a, 1983b,
1994, 1995, 1996, 1997, 1998; Bumgarner et al. 1994, 1997, 2000, 2002,
2003, 2004, 2005, 2006, 2007; Underwood et al. 1994, Ashe et al. 1995;
Underwood 1996; Gallinet et al. 2001; Faler et al. 2003, 2004, 2005,
2006, Gallinet and Varney 2003; Gallinet and Ross 2005, 2006, 2007;
Mendel et al. 2006, 2008; and Bumgarner and Dedloff 2007).
Twenty-nine species, representing 10 families of fishes have
been reported in these various surveys including:
• Petromyzontidae: river lamprey, Pacific lamprey;
• Clupeidae: American Shad;
• Cyprinidae: chiselmouth, carp, northern pikeminnow, longnose dace, speckled dace, redside shiner, tench;
• Catostomidae: longnose sucker, bridgelip sucker, largescale
sucker;
• Ictaluridae: brown bull head, channel catfish;
• Esocidae: redfin pickerel;
• Salmonidae: mountain whitefish, pink salmon, coho salmon,
spring and fall Chinook salmon, both anadromous (steelhead) and resident (rainbow) forms of redband trout, bull
trout, brook trout;
• Percopsidae: sand roller;
• Cottidae: Paiute sculpin, margined sculpin; and

• Centrarchidae: pumpkinseed, bluegill, smallmouth bass.

Of these I suspect that the river lamprey reported only by Bugert
et al (1999) were misidentified Pacific lamprey. Pacific lamprey are
known to pass through a life stage where they resemble river lamprey—see Volume II, Chapter 7 for details. Only Pacific lamprey
have been reported by other investigators in the Snake River Basin.
There are no other records of river lamprey. Gallinat and Ross (2005,
2006, 2007) collected 1,923 Ammocoetes larvae 698 macropthalmia larvae, and 16 adult stage Pacific lamprey but no river lamprey
in the WDFW Tucannon River smolt trap in 2004, 2005, and 2006.
Additionally I suspect that the single longnose sucker identified by
D. W. Kelly & Associates (1982) was either a misidentified largescale
or bridgelip sucker because there are no other records of longnose
sucker being present and numerous records of both largescale and
bridgelip sucker being present in the Snake River Basin in eastern
Washington. Both the longnose and largescale sucker resemble each
other as both species have completely cleft lower lips. Longnose and
bridgelip sucker also resemble each other because both species are
considered fine-scaled. See Volume II, Chapter 11 for more details.
Coho salmon historically spawned in the Tucannon River but
the number of adults returning there had noticeably shrunk by 1929
(Parkhurst 1950) and by 1955 they were extinct. Over the past decade
coho adults have reappeared in the Tucannon River as a result of
the Nez Perce Tribe’s effort to reintroduce them into the Clearwater
River, Idaho where coho also were extirpated. The Nez Perce Tribe
has used coho obtained from tributaries of the lower Columbia
River that had to travel only about 200–250 km up the river from
the ocean. To reach Clearwater River, the fish must travel about 700–
750 km up the river from the ocean. Apparently, some of them lack
the stamina to migrate up the Snake all the way to the Clearwater
and instead they turn off into the Snake River tributaries, like the
Tucannon River which is located about 600–625 km from the Pacific
Ocean, where they try to spawn. Adult coho have been observed
constructing redds in the Tucannon River and it is known that they
are successfully naturally reproducing because downstream migrating smolt-stage juveniles have been collected in WDFW downstream
migration traps in recent years, 224 in 2004, 1,298 in 2005, and 406
in 2006 (Gallinat and Ross 2005, 2006, 2007).
Pink salmon rarely migrate into the Tucannon River. Basham
and Gilbreath (1978) recorded five pink salmon carcasses (four spent
female and one male) in the lower Tucannon River near Starbuck,
Washington, in 1975. Additionally, one pink salmon was collected in
WDFW’s Tucannon River smolt trap in 2004 (Gallinat and Ross 2005).
The Tucannon River formerly supported large numbers of
spring Chinook salmon throughout most of its length (Parkhurst
1950a; Fulton 1968). Irrigation diversions began to damage runs
in about 1900. By 1968, only the middle and upper portions still
contained adequate spawning habitat, which supported runs of
only about 2,000 spring Chinook per year between 1950 and 1960
(Fulton 1968). Fall Chinook salmon also spawned in the Tucannon
River (Fulton 1968).
Over a three year period (2004-2006), a total of 2,637 Pacific
lamprey, 364 American shad, 436 chiselmouth, 5 longnose dace, 14
speckled dace, 18 northern pikeminnow, 1 tench, 23 bridgelip sucker,
5 brown bullhead, 10 redfin pickerel, 4 mountain whitefish, 1 pink
salmon, 1,928 coho salmon, 6,723 steelhead trout smolts, 2,866 steelhead trout parr, 34,125 fall Chinook smolts, 19 bull trout, 9 sandroller,
5 pumpkinseed, 3 bluegill, and 133 smallmouth bass were caught in
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Tucannon River Sub-basin. Geographic information system data courtesy of Washington Department of Ecology.
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Figure 5.92

(A) Upper Tucannon River. Photo courtesy of Doug @ Idaho © 2011, all rights reserved. (B) Lower Tucannon River. Photo
courtesy of Williamborg CC-BY-SA 3.0.
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a downstream migration trap in the Tucannon River (Gillinat and
Ross 2005, 2006, 2007). Additionally, 7 suckers (bridgelip and largescale), 1 mountain whitefish, 777 steelhead, 3 coho, 8 fall Chinook,
and 6 bull trout were collected in the Tucannon adult trap in 2005
(Bumgarner et al 2006) and 362 chiselmouth, 68 northern pikeminnow, 164 suckers, 1 channel catfish, 1 rainbow trout and 14 smallmouth bass were collected in the lower Tucannon River by 1.3 hours
of boat electrofishing in 1994 (Ashe et al. 1995).
From 1985–2006 the total run size of spring Chinook salmon
into the Tucannon River numbered:
• 591 (1985)

• 589 (1993)

• 1,012 (2001)

• 363 (1986)

• 140 (1994)

• 1,005 (2002)

• 582 (1987)

• 54 (1995)

• 444 (2003)

• 429 (1988)

• 232 (1996)

• 573 (2004)

• 445 (1989)

• 288 (1997)

• 754 (1990)

• 144 (1998)

• 420 (2005)
and

• 528 (1991)

• 245 (1999)

• 753 (1992)

• 339 (2000)

• 253 (2006).

Of these 116 (in 1986), 101 (in 1987), 116 (in 1988), 169 (in 1989),
135 (in 1990), 130 (in 1991), 97 (in 1992), 97 (in 1993), 70 (in 1994),
43 (in 1985), 80 (in 1996), 97 (in 1997), 89 (in 1998), 136 (in 1999), 81
(in 2000), 106 (in 2001), 107 (in 2002), 77 (in 2003), 92 (in 2004),
100 (in 2005), and 89 (in 2006) were collected for hatchery brood
stock and the remainder were allowed to spawn naturally in the
Tucannon River (Gallinat and Ross 2007).
From 1985–2006 spring Chinook constructed redds in the
Tucannon River (Gallinat and Ross 2007) either above or below
the adult trap (rkm 60):
• 219 (in 1985);
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• 118 (in 2003) 47% below and 53% above the trap;
• 160 (in 2004) 28% below and 72% above the trap;
• 102 (in 2005) 55% below and 45% above the trap; and
• 101 (in 2006) 39% below and 61% above the trap
Since 1990 records have been kept of the numbers of coded wire
tagged salmon from other locations that have strayed into the Tucannon
River. In 1990, 14 (1.9%) of 754 total fish in the Tucannon run were
stray fish. In 1992, 10 (1.3%) out of 753 total fish in the Tucannon run
were stray fish. In 1993, 2 (0.3%) out of 589 total fish in the Tucannon
run were strays. In 1996, 3 (1.3%) out of 232 total fish in the Tucannon
run were strays. In 1997, 9 (2.6%) out of 288 total fish in the Tucannon
run were strays. In 1999, 20 (8.2%) of 245 total fish in the Tucannon
run were strays. In 2000, 46 (13.6%) of 379 total fish in the Tucannon
run were strays. In 2001, 13 (1.3%) of 1,012 total fish in the Tucannon
run were strays. In 2002, 97 (9.7%) of 1,005 total fish in the Tucannon
run were strays. In 2003, 1 (0.2%) of 444 total fish in the Tucannon run
ware strays. In 2004, 17 (3.0%) out of 573 total fish in the Tucannon
run were strays. In 2005, 6 (1.4%) of 420 total fish in the Tucannon
run were strays. In 2006, 8 (3.2%) of 253 total fish in the Tucannon run
were strays. The majority (180 of 246 or 74%) of the strays were reared
at Lyons Ferry Hatchery and released in the Umatilla River, Oregon.
Other strays were released in the Columbia River at McNary Dam; the
Clearwater River drainage, Idaho; the Salmon River drainage, Idaho;
the Grande Ronde River drainage, Oregon; The Imnaha River, Oregon;
in the Snake River from Lyons Ferry hatchery, and from a hatchery on
the Klickitat River, Washington.
The estimated number of spring Chinook salmon smolts emigrating out of the Tucannon River (Gallinat and Ross 2007)was:
• 43,000 naturally produced and 12,922 hatchery produced smolts (in 1985);

• 200 (in 1986) 19% below and 81% above;

• 52,200 natural and 153,725 hatchery produced smolts
(in 1986);

• 185 (in 1987) 20% below and 77% above the trap;

• 44,000 natural and 152,165 hatchery smolts (in 1987);

• 117 (in 1988) 23% below and 77% above the trap;

• 37,500 natural and 146,200 hatchery smolts (in 1988);

• 106 (in 1989) 30% above and 70% below the trap;

• 30,000 natural and 99,060 hatchery smolts (in 1989);

• 180 (in 1990) 47% below and 53% above the trap;

• 49,500 natural and 85,800 hatchery smolts (in 1990);

• 90 (in 1991) 56% below and 44% above the trap;

• 30,000 natural and 74,060 hatchery smolts (in 1991);

• 200 (in 1992) 35% below and 68% above the trap;

• 50,800 natural and 87,752 hatchery smolts (in 1992);

• 192 (in 1993) 32% below and 68% above the trap;

• 49,560 natural and 130,069 hatchery smolts (in 1993);

• 44 (in 1994) 95% below and 5% above the trap;

• 7,000 natural ad 130,069 hatchery smolts (in 1994);

• 5 (in 1995) 100% below and 0% above the trap;

• 75 natural and 62,272 hatchery smolts (in 1995);

• 68 (in 1996) 84% below and 16% above the trap;

• 1,612 natural and 76,219 hatchery smolts (in 1996);

• 73 (in 1997) 59% below and 41% above the trap;

• 21,057 natural and 24,187 hatchery smolts (in 1997);

• 26 (in 1998) 88% below and 12% above the trap;

• 5,508 natural and 127,939 hatchery smolts (in 1998);

• 41 (in 1999); 93% below and 7% above the trap;

• 8,157 natural and 97,600 hatchery smolts (in 1999);

• 92 (in 2000) 51% below and 41% above the trap;

• 20,049 natural and 102,099 hatchery smolts (in 2000);

• 298 (in 2001) 56% below and 44% above the trap;

• 38,079 natural and 146,923 hatchery smolts (in 2001);

• 299 (in 2002) 34% below and 66% above the trap;

• 60,530 natural and 123,586 hatchery smolts (in 2002);
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• 23,003 natural and 71,154 hatchery smolts (in 2003);

• 363,086 eggs by natural spawners and 161,345 eggs by
hatchery spawners (in 2005); and

• 21,059 natural and 67,542 hatchery smolts (in 2004);

• 283,199 eggs by natural spawners and 123,629 eggs by
hatchery spawners (2006).

• 11,512 natural and 149,466 hatchery smolts (in 2005);
and
• 15,560 natural and 97,745 hatchery smolts (in 2006) .
These estimated numbers of smolts produced were based on
deposition of:
• 850,377 eggs by natural spawners and 14,843 eggs by
hatchery spawners (in 1985);
• 783,200 eggs by natural spawners and 187,958 eggs by
hatchery spawners (in 1986);
• 757,760 eggs by natural spawners and 196,573 eggs by
hatchery spawners (in 1987);;
• 454,194 eggs by natural spawners and 182,438 eggs by
hatchery spawners (in 1988);
• 407,767 eggs by natural spawners and 133,521 eggs by
hatchery spawners (in 1989);
• 651,348 eggs by natural spawners and 126,334 eggs by
hatchery spawners (in 1990);
• 288,954 eggs by natural spawners and 91,275 eggs by
hatchery spawners (in 1991);
• 725,521 eggs by natural spawners and 156,359 eggs by
hatchery spawners (in 1992);
• 673,472 eggs by natural spawners and 168,366 eggs by
hatchery spawners (in 1993);
• 179,863 eggs by natural spawners and 161,707 eggs by
hatchery spawners (in 1994);
• 26,120 eggs by natural spawners and 85,722 eggs by
hatchery spawners (in 1995);
• 231,836 eggs by natural spawners and 117,287 eggs by
hatchery spawners (in 1996);
• 250,146 eggs by natural spawners and 144,237 eggs by
hatchery spawners (in 1997);
• 97,682 eggs by natural spawners and 161,019 eggs by
hatchery spawners (in 1998);
• 129,645 eggs by natural spawners and 113,544 eggs by
hatchery spawners (in 1999);
• 323,964 eggs by natural spawners and 128,980 eggs by
hatchery spawners (in 2000);
• 1,047,963 eggs by natural spawners and 184,127 eggs by
hatchery spawners (2001);
• 1,070,784 eggs by natural spawners and 169,364 eggs by
hatchery spawners (in 2002);
• 448,275 eggs by natural spawners and 140,658 eggs by
hatchery spawners (in 2003);
• 514,791 eggs by natural spawners and 140,459 eggs by
hatchery spawners (in 2004);

These estimates were based upon a mean (± SD) of 10.1% (± 4.7)
egg to parr survival and 54.4% (± 15.4) parr to smolt survival (5.8
± 2.5% egg to smolt survival) for naturally produced smolts, and
83.5% (± 16.2) egg to parr survival and 87.0% (± 14.3) parr to smolt
survival (72.0 ± 17.1% egg to smolt survival) for hatchery produced
smolts (Gillant and Ross 2007).
Martin et al. (1992) determined fish densities at 20 sites in the
Tucannon River, then took the average density and expanded it to
estimate the population (± 95% CI) of juvenile bull trout and rainbow trout that occupied the Tucannon River in 1991. Bull trout were
present at 19 of 20 sites and juvenile steelhead trout were present at
all 20 sites. Estimates were 4,853 (± 373) bull trout and 5,758 (± 1,799)
steelhead trout. Juvenile spring Chinook salmon were present at only
4 of the 20 sites at densities ranging from 1–23 individual ⁄ 100 m².
Mendel et al. (2006, 2008) conducted backpack electrofishing
surveys at several sites in the upper Tucannon River and five tributaries (Bear, Turkey, Panjab, Meadow, and Cummings Creeks) that
join the upper Tucannon River in 2004, 2005, and 2006 to determine densities of rainbow / steelhead and bull trout. In 2004 / 2005,
the average (minimum-maximum) rainbow / steelhead densities
per 100 m² were 0.4 (0.0–3.1) at 17 sites in the Upper Tucannon
River, 0.5 (0.0–1.4) at 4 sites in Bear Creek, 3.3 (2.9–3.7) at 2 sites
in Turkey Creek, 4.0 (3.3–5.0) at 3 sites in Panjab Creek, 5.4 (1.0–
8.9) at 5 sites in Meadow Creek, and 32.0 (0.0–87.5) at 25 sites in
Cummings Creek. In 2006, the averages (minimum-maximum)
rainbow / steelhead densities per 100 m² were 1.2 (0.0–6.6) at 10
sites in the upper Tucannon River, 0.1 (0.0–0.6) at 9 sites in Bear
Creek, 1.0 (0.8–1.2) at 2 sites in Turkey Creek, 1.6 (0.0–3.0) at 4 sites
in Panjab Creek, 4.0 (0.5–11.2) at 6 sites in Meadow Creek, and
17.3 (2.4–37.6) at 8 sites in Cummings Creek. In 2004 / 2005, the averages (minimum–maximum) bull trout densities per 100 m² were
10 (0.0–20.0) at 17 sites in the upper Tucannon River, 5.3 (0.4–7.2)
at 4 sites in Bear Creek, 4.4 (3.7–5.1) at 2 sites in Turkey Creek,
1.5 (0.1–3.3) at 5 sites in Panjab Creek, 2.4 (0.0–13.1) at 9 sites in
Meadow Creek, and 0.4 (0.0–27.0) at 25 sites in Cummings Creeks.
In 2006, the average (minimum-maximum) bull trout densities per
100 m² were 2.1 (0.0–5.4) at 10 sites in the upper Tucannon River,
3.2 (0.0–7.3) at 9 sites in Bear Creek, 1.1 (0.6–1.7) at 2 sites in Turkey
Creek, 0.8 (0.0–1.5) at 4 sites in Panjab Creek, 1.9 (0.0–4.0) at 6 sites
in Meadow Creek, and 0.1 (0.0–0.6) at 8 sites in Cummings Creek.
Mendel et at. (2006, 2008) also reported collecting 2 wild Chinook
at 2 sites, many unidentified sculpin at several sites, and speckled
dace at a few sites during those surveys.
Mendel et al. (2008) compiled a summary of bull trout spawning
surveys (redd counts) made by Martin et al. (1991), Underwood et
al. (1994), the United States Forest Service (USFS), and Washington
Department of Fish and Wildlife (WDFW) between Rm 46.3 and Rm
60.4 in the Tucannon River and in several tributaries (Bear, Cold,
Meadow, Panjab, Sheep, Turkey, and Turkey Tail Creeks) between
1990 and 2007. The total number of bull trout redds observed in the
Tucannon Basin was 63 (in 1990), 58 (in 1991), 66 (in 1992), 131 (in
1994), 114 (in 1995), 184 (in 1996), 78 (in 1997), 108 (in 1998), 222 (in
1999), 151 (in 2000), 68 (in 2001), 90 (in 2002), 188 (in 2003), 230
(in 2004), 147 (in 2005) and 23 (in 2007). No surveys were made
in 1993 or 2006.
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Chinook salmon and bull trout are late summer and early fall
spawners, which coincides with minimum discharge, which results
in low turbidity allowing accurate counts of their redds. Therefore,
enumeration of their redds is reasonably accurate.
Faler et al. (2003, 2004, 2005, 2006, 2007, 2008) captured bull
trout in the Tucannon River and tagged them with either passive
integrated transponder (PIT) tags or radio transmitters. A total
of 1,109 bull trout were captured during their study, including
1,026 captured during their upstream migration to their spawning grounds in the Upper Tucannon River. A total of 77 upstream
migrating and 47 of the downstream migrating fish were implanted with radio transmitters. These fish migrated upstream in
June and July where they remained until they spawned in early
September. Underwood et al. (1998) had previously documented
similar behavior in bull trout implanted with radio transmitters
in the Tucannon River. Several that survived spawning migrated
back into the lower Tucannon in mid September and October. By
October and November the fish were distributed between RKM 3.0
and RKM 62, where they remained over winter until March to June
of the following year when they migrated back to their spawning
grounds in the upper river again. The upstream migration occurred several months in advance of spawning presumably so that
the bull trout escape the warm temperatures of the lower river during the summer months. Only six of the fish implanted with radio
transmitters migrated into the Snake River (Lower Monumental
Reservoir) to overwinter and three of them migrated back into the
Tucannon River during the following spring, indicating that most
of the Tucannon bull trout have a resident life history but a few
exhibit a fluvial (or secondary adfluvial) life history.
Steelhead redd counts and estimates of age 0 and 1 juvenile
steelhead in the Tucannon Basin were made by WDFW fisheries
scientists from 1984 to 2005 (Schuck et al. 1980, 1991, 1993a, 1993b,
1994, 1995, 1996, 1997, 1998; Martin et al. 200; Bumgarner et al.
2002, 2003, 2004, 2006; and Bumgarner and Dedloff 2007).
Steelhead redds in the Tucannon River Basin, including the
Tucannon mainstem, Panjab Creek, and Camings Creek, totaled
234 (in 1986), 350 (in 1987), 267 (in 1988), 34 (in 1989), 34 (in 1990),
111 (in 1991), 503 (in 1992), 356 (in 1993), 247 (in 1994), 197 (in 1995),
266 (in 1996), no counts (in 1997), 218 (in 1998), 158 (in 1999), 115
(in 2000), 327 (in 2001), 176 (in 2002), 50 (in 2003), 440 (in 2004),
and 76 (in 2005).
Enumerating steelhead redds in the Tucannon River is difficult
because the species spawns in the spring at peak discharge in turbid water, which makes accurate counts of steelhead redds practically impossible. The redd count for the Tucannon over the period
of record (1986–2005, excluding 1997) has averaged 219 redds per
year. The redd count for the last five years of the record (2001–
2005) averaged 214 redds per year.
Juvenile (age 0 and 1) steelhead abundance in the Tucannon
River was estimated at 41,300 (in 1984), 66,200 (in 1986), 62,300
(in 1987), 63,300 (in 1989), 56,000 (in 1990), 35,800 (in 1991),
50,700 (in 1992), 45,100 (in 1993), 32,900 (in 1995), 32,900 (in
1996), 41,900 (in 1997), 58,600 (in 1998), 21,000 (in 1999), 38,000
(in 2000), 36,500 (in 2001), 72,000 (in 2002), 185,200 (in 2003),
127,400 (in 2004), and 49,900 (in 2005). The number of juvenile
averaged 59,300 of the 19 year period of record. During the last 5
years of the record (2001-2005) the number of juvenile averaged
94,200, about 1.6 ×more than over the entire period of record. This
increased production is probably a reflection of greater escape532

ment of adults into the Tucannon where they constructed more
redds, even though the redd count does not corroborate this because fewer redds (214) on average per year were constructed during the past five years than during the period of record (219 redds
on average per year).
Data on sport harvest and escapement of hatchery and wild
adult steelhead (to the Tucannon hatchery or naturally spawning
wild fish) is available from 1986 to 2003.
• In 1986, total run size was 1,477 adult steelhead
comprised of 206 harvested by sport fishing plus 1,271
escaping the fishery to either spawn naturally or in the
hatchery.
• In 1987 total run size was 1501 steelhead including 189
harvested and 1,312 escapement.
• In 1988 total run size was 962 steelhead including 255
harvested and 707 escapement.
• In 1989 total run size was 1,069 steelhead including 310
harvested and 759 escapement.
• In 1990 total run size was 803 steelhead including 337
harvested and 466 escapement.
• In 1991 total run size was 1,005 steelhead including 326
harvested and 679 escapement.
• In 1992 total run size was 927 steelhead including 358
harvested and 569 escapement.
• In 1993 total run size was 406 steelhead including 159
harvested and 247 escapement.
• In 1994 total run size was 541 steelhead including 164
harvested and 377 escapement.
• In 1995 total run size was 996 steelhead including 603
harvested and 393 escapement.
• In 1997 total run size was 1,060 steelhead including 748
harvested and 312 escapement.
• In 1998 total run size was 708 steelhead including 290
harvested and 418 escapement.
• In 1999 total run size was 1,403 steelhead including
1,146 harvested and 257 escapement.
• In 2000 total run size was 1,238 steelhead including 610
harvested and 628 escapement.
• In 2001 total run size was 2,138 steelhead including
1,759 harvested and 379 escapement.
• In 2002 total run size was 1,451 steelhead including
1,099 harvested and 352 escapement.
• In 2003 total run size was 1,163 steelhead including 952
harvested and 211 escapement.
Total run size for the period of record averaged 1,105 adult steelhead with 559 harvested in sport fishing and 549 escaping to spawn.
During the period of record an average of 550 hatchery and 10 wild
fish were harvested annually in sport fishing, and an average of 349
hatchery fish and 200 wild fish escaped to spawn, yielding total
run sizes of 849 hatchery fish and 210 wild fish (1,059 fish total).
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ASOTIN CREEK SUB-BASIN
The mainstem Asotin Creek arises in the Blue Mountains (Umatilla
National Forest) of southeastern Washington and flows in an easterly direction for 55 km (34 mi) to join the Snake River along its west
(left) bank at RKM 232 (Rm 145) near the town of Asotin, Washington
which is located south of Clarkston, Washington. The elevation at its
source is 1897 m (6,200 ft) above MSL and the elevation at its confluence with the Snake River is 232 m (800 ft) above MSL. The Asotin
Creek watershed drains approximately 12,200 hectares (325 sq mi)
in Asotin and Garfield Counties. The mean (minimum-maximum)
discharge over the period of record (1929–1960), when discharge
was measured at a U. S. Geology Survey gage near the mouth, was
74 (15–400) cfs. A map and photographs of the Asotin Creek Subbasin are shown respectively in Figures 5.93 and 5.94.
The principle tributaries of Asotin Creek include the North,
Middle, and South Forks of Asotin Creek, Lick Creek, Charlie Creek,
Redhill Gulch Creek, Cougar Canyon Creek, Huber Gulch Creek,
and George Creek. Pintler, Rockpile, Wormell, Hefflefinger, and
Combs creeks are all tributaries of George Creek. There are about
579 km (360 mi) of perennial and intermittent streams in the Asotin
Creek watershed (Mayer and Schuck 2004). These tributaries, as
well as the mainstem flow through narrow, steep, v-shaped canyons.
Historically, the streams in this watershed were more meandering
and deeper than at present. They have been straightened, diked, and
their courses altered to establish agricultural lands. As a result the
stream channels are now wider and shallower than they used to be.
Fisheries surveys in Asotin Creek were conducted by several investigators (Parkhurst 1950a; Bugert et al. 1988, 1990; Schuck et al. 1988;
Martin et al. 1992, 2000; Lonzarich 1993; Mendel et al. 2001, 2004, 2006,
2008; and Bumgarner et al. 2002, 2003, 2004, 2006, 2007; Mayer and
Schuck 2004, 2009; and Mayer et al. 2006, 2007, 2008, 2010; ). Fish reported to occur in Asotin Creek included river lamprey, Pacific lamprey,
chiselmouth, longnose dace, speckled dace, redside shiner, bridgelip
sucker, mountain whitefish, coho salmon, rainbow / steelhead trout,
spring and fall Chinook salmon, bull trout, Piute sculpin, and possibly
other species of sculpin. Lonzarich (1993) specifically looked for presence of margined sculpin in Asotin creek but did not find any.
The name “Asotin” was derived from the Nez Perce Indian word
“He’Sut’iin,” which means “place of eels” in reference to a historically
abundant population of Pacific lamprey that ascended the creek to
spawn (Mayer and Schuck 2004). Few or no Pacific lamprey were
reported in any recent survey. The river lamprey, reported only
by Burgert et al. (1990), was likely a misidentified Pacific lamprey.
Ammocetes larvae of Pacific lamprey pass through a stage where
only two teeth are present on the supraoral tooth bar then later develop a third. Adult Pacific lamprey are identified by the presence of
three cusps on the supraoral tooth bar whereas adult river lamprey
are identified by two cusps on the supraoral tooth bar. There are no
other records that indicate that river lamprey occurred in the Snake
River Basin, so it seems likely that Bugert et al. (1990) observed a
Pacific lamprey that had not yet developed its third cusp.
Asotin Creek is noteworthy because it is a sanctuary for naturally reproducing wild summer steelhead. Although the creek was
supplemented with approximately 33,000 hatchery steelhead annually between 1983 and 1985 (Martin et al. 1992), since then few
hatchery steelhead have been stocked, and none after WDFW designated the Asotin Creek Sub-basin as a wild steelhead refuge in
1997 (Mayer et al. 2007). Besides steelhead, Asotin Creek is home
to spring Chinook salmon, and bull trout, which are listed under

the Endangered Species Act (ESA). The stocks of all salmonid species declined as the basin was developed for agriculture purposes
because irrigation withdrawals reduced discharge during the summer season and increased water temperature. Widening the channel
caused loss of pool habitat, increased turbidity, and increased sediment deposition, reducing resting and rearing habitat for salmonids.
Spring Chinook salmon runs had declined to the point where
they were close to extinction by 1950, but steelhead, resident rainbow and a few bull trout still persisted in the creek at that time
(Parkhurst 1950a). There is no historical record of fall Chinook utilizing Asotin Creek (Parkhurst 1950b; Fulton 1968) but a few fall
Chinook have been observed spawning in the mainstem of Asotin
Creek in recent years (since about 2001) (Mayer and Schuck 2004).
Spring Chinook, steelhead, and bull trout were listed as ESA
stocks by the National Marine Fisheries Service (NMFS) and United
States Fish and Wildlife Service (USFWS) in 1992, 1997, and 1998,
respectively. Subsequent to these ESA listings the Asotin County
Conservation District developed the Asotin Creek Model Watershed
Plan to restore salmonid habitat within the drainage. The Model
Watershed Plan involves projects such as planting riparian vegetation
to cool the water, reconstructing natural channel meanders, and creating deep pools to restore adult resting habitat and juvenile rearing
habitat. These projects commenced in 1995 with funding provided by
the Bonneville Power Administration through the Northwest Power
Planning Council’s Columbia Basin Fish and Wildlife Program.
In 1997, Asotin Creek experienced a 50–100 year flood event
that breached dikes and caused the creek to flow through a braided
network of channels at some locations. In others it flowed through
a deep incised channel. In 1997 and 1998 two meanders were constructed, one in the incised reach (J-Bar Reach project) and one in
the braided reach (Koch project) (Southerland 2006). Both sites
have been subjected to several flood events that were about five
times the bank full discharge. Both meanders maintained their stability and salmonid habitat during these floods (Southerland 2006).
Martin et al. (1992) estimated the densities of juvenile and adult
bull trout, juvenile spring Chinook salmon, and young of the year
steelhead trout at 16 sites in Asotin Creek in 1991. Bull trout were
present at 4 sites at densities ranging from 1–4 bull trout ⁄ 100 m².
Bull trout density averaged 0.5 bull trout ⁄ 100 m² over all 16 sites.
Spring Chinook salmon were present at 7 sites at densities ranging from 1–85 Chinook ⁄ 100 m². Chinook density for all 16 sites
averaged 13 ⁄ 100 m². Young of the year (YOY) and age 1 + steelhead
trout were found at all 16 sites at densities ranging from 31–144
steelhead ⁄ m². YOY and age 1 + steelhead density averaged 64 steelhead ⁄ 100 m². Expanded populations for the entire creek were estimated at 284 bull trout and 27,401 YOY and 1 + steelhead.
Mendel et al. (2001, 2004b, 2006, 2008) estimated the densities of juvenile steelhead trout and juvenile bull trout in the South
Fork Asotin Creek, North Fork Asotin Creek, Redhill Gulch Creek,
Cougar Canyon Creek, George Creek, Pintler Creek, Hefflefinger
Gulch Creek, and Coombs Creek. In 2000, George Creek (n = 7
sites sampled) averaged 56 juvenile rainbow / steelhead per 100 m²
yielding an expanded population estimate of 86,156 juvenile rainbow / steelhead present in the creek (Mendel et al. 2001). Pintler
Creek (n = 5 sites sampled) averaged 73 rainbow / steelhead per
100 m², yielding an expanded population estimate of 13,183 juvenile
rainbow / steelhead present in the creek (Mendel et al. 2001). One
site sampled in Coombs Creek had a density of 93 rainbow / steelhead per 100 m², yielding an expanded population estimate of
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Figure 5.94

(A) Asotin Creek. Image courtesy Matthew Singer © 2010, all rights reserved. (B) Fish Weir at George Creek, tributary of
Asotin Creek. Image courtesy of WDFW © 2011, all rights reserved.

3,327 juvenile rainbow / steelhead present in the creek (Mendel et
al. 2001). Since it is generally unacceptable to base population estimates from density estimates unless habitat type is accounted for,
these population estimates are probably not very accurate.
Mendel et al. (2001) also reported observing steelhead / rainbow trout redds in George Creek, steelhead / rainbow trout redds
in Pintler Creek, and 2 steelhead redds in Coombs Creek in 2000.
In 2001, 42 redds were observed in George Creek (Mendel et al.
2001). Mendel et al. (2006) counted 30 steelhead redds in George
Creek, and 10 bull trout redds in the North Fork of Asotin Creek,
in 2005. Mendel et al. (2008) observed steelhead redds in George
Creek (12 in 2006 and 6 in 2007) and bull trout redds in the North
Fork Asotin Creek (9 in 2006).
Mendel et al. (2006) sampled juvenile rainbow / steelhead and bull
trout at 5 sites in the North Fork Asotin Creek, 5 sites in the South
Fork Asotin Creek, 5 sites in Cougar Canyon Creek, 9 sites in George
Creek, and 4 sites in Hefflefinger Gulch Creek in 2005. Rainbow / steelhead were present at 1 site on the North Fork at densities ranging
from 0–6 fish ⁄ 100 m² (average density ≈ 1 ⁄ 100 m²), 4 of 5 sites on
the West Fork at densities ranging from 0–20 fish ⁄ 100 m² (average
density = 8 ⁄ 100 m²), all 5 sites in Cougar Gulch Creek at densities
ranging from 3–13 fish ⁄ 100 m² (average density = 8 ⁄ 100 m²), and all
9 sites in George Creek at densities ranging from 1–20 fish ⁄ 100 m²
(average density = 11 ⁄ 100 m²). Bull trout were present at 4 sites in the
North Fork at densities ranging from 0–13 fish ⁄ 100 m² (average density = 5 ⁄ 100 m²), at no sites in the South Fork, at 2 sites in Cougar
Canyon at densities ranging from 0–17 fish ⁄ 100 m² (average den-

B

sity = 9 ⁄ 100 m²), and at no sites in George Creek. No rainbow / steelhead or bulltrout were collected in Hefflefinger Gulch Creek.
Mendel et al. (2008) sampled juvenile rainbow / steelhead and
bull trout at 11 sites in the North Fork Asotin Creek, 3 sites in the
South Asotin Creek, 1 site in Cougar Gulch Creek, 4 sites in George
Creek, and 1 site in Pintler Creek in 2006. Rainbow / steelhead were
present at all 11 sites in the West Fork at densities ranging from 4–18
fish ⁄ 100 m² (average density = 11 ⁄ 100 m²), at all three sites in the
South Fork at densities ranging from 8–11 fish ⁄ 100 m² (average
density = 10 fish ⁄ 100 m²), all 4 sites in George Creek at densities
ranging from 2–14 fish ⁄ 100 m² (average density = 6 ⁄ 100 m²) and
at the sites in Cougar Gulch (density = 4 fish ⁄ 100 m²) and Pintler
(density = 12 fish ⁄ 100 m²) creeks. Bull trout were present at 5 sites
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in the North Fork at densities ranging from 0–3 fish ⁄ 100 m² (average density < 1 rainbow / steelhead ⁄ 100 m²), 0 sites on the South
Fork, George, or Pintler creeks, and 1 site in Cougar Gulch Creek
at a density of < 1 fish ⁄ 100 m².
Total run size sport harvest and escapement of wild summer
steelhead trout into Asotin Creek were monitored by WDFW in
most years between 1986–2001 (Schuck et al. 1988; Martin et al.
2000; Bumgarner et al. 2002, 2003).
• In 1986, run size totaled 754 wild fish, composed of
sport harvest (n = 0) and escapement (n = 754 wild fish).
• In 1987, run size totaled 458 fish (4 hatchery and 454 wild),
comprised of sport harvest (n = 4 hatchery and 0 wild
fish), and escapement (n = 0 hatchery and 454 wild fish).
• In 1988, run size totaled 336 fish (4 hatchery and 332 wild),
comprised of sport harvest (n = 4 hatchery and 7 wild
fish), and escapement (n = 0 hatchery and 325 wild fish)
• In 1989, run size totaled 750 wild fish, comprised of
sport harvest (n = 0) and an escapement of 750 wild fish.
• In 1991, run size totaled 751 fish, comprised of sport
harvest (n = 1 hatchery and 0 wild fish) and an escapement of 750 wild fish.
• In 1992, run size totaled 116 fish, comprised of 0 sport
harvest and an escapement of 116 wild fish.
• In 1993, run size totaled 99 fish, comprised of 0 sport
harvest and an escapement of 99 wild fish.
• In 1994, fun size totaled 148 fish, comprised of 0 sport
harvest and an escapement of 148 wild fish.
• In 1995, run size totaled 272 fish, comprised of 21 sport
harvest (n = 18 hatchery and 3 wild fish) and an escapement of 256 wild fish.
• In 1998, run size totaled 126 fish, comprised of sport
harvest (n = 4 hatchery fish) and an escapement of 3
hatchery and 122 wild fish.
• In 1999, run size totaled 371 fish comprised of 0 sport
harvest and an escapement of 371 wild fish.
• In 2000, run size totaled 237 fish, comprised of sport
harvest (n = 6 hatchery fish) and an escapement of 231
wild fish.
• In 2001, run size totaled 552 fish, comprised of sport
harvest (n = 6 hatchery and 3 wild fish) and an escapement of 543 wild fish.
The average total run size for the period of record was 383 fish,
comprised of about 1% harvest (n = 3 hatchery and 1 wild fish) and
99% escapement (n = 378 wild fish).
Age 0 and 1 steelhead abundance has been monitored in the
mainstem, North Fork, and South Fork of Asotin Creek from
1993–2005 and in Charley Creek from 2001–2005 (Martin et al.
2000; Bumgarner et al. 2002, 2003, 2004, 2006, 2007). The total
number estimated in the mainstem during this 13 year period was
744,100 (average of 57,200 per year). The total number estimated
in the North Fork during the 13 year period was 472,600 (average
of 36,350 per year). The total number estimated in the South Fork
during the 13 year period was 207,000 (average of 15,900 per year).
536

For the most recent five-year period (2001–2005), the total
number estimated in the mainstem was 433,100 (average 86,600
per year). The total number estimated in the North Fork during this five-year period was 193,100 (average of 38,600 per year).
The total number estimated in the South Fork during the fiveyear period was 136,700 (average of 27,300 per year). The total
number estimated in Charley Creek during the five-year period
was 125,800 (average of 25,200 per year). The primary reason
for the increased abundance during 2001–2005 is probably related to increased productivity of the Pacific Ocean for producing adult Columbia River salmonids during those years. Larger
number of adults reaching Asotin Creek in those years produced
more juveniles.
Mayer and Schuck (2004, 2008), Mayer et al. (2006, 2007, 2010)
estimated the number of juvenile steelhead migrating downstream
through a rotary screw trap set at RKM 7.0 above the confluence
with George Creek (RKM 4.6). The trap, set at this location, monitored steelhead production in the mainstem, North Fork, and
South Fork of Asotin Creek and Charlie Creek.
The estimated number (lower 95% CF to upper 95% CF) of
age 0 and age 1 steelhead (60–227 mm TL) migrating downstream through the trap was estimated at 45,744 (39,745–51,744)
in 2004, 27,287 (22,454–33,900) in 2005, 36,568 (30,822–43,436)
in 2006, 50,375 (43,517–59,289) in 2007, 36,776 (29,171–48,002)
in 2008, and 25,466 (20,633–32,666) in 2009 (Mayer et al. 2010).
Adult fish were captured in a weir set at RKM 7.0. The adult population was estimated at 653 (in 2005), 555 (in 2006), 342 (in
2007), 364 (in 2008), and 401 (in 2009) (Mayer et al. 2010). The
adult population was composed of 42 hatchery fish and 611 wild
fish (in 2005), 48 hatchery fish and 507 wild fish (in 2006), 60
hatchery fish and 282 wild fish (in 2007), 67 hatchery fish and
297 wild fish (in 2008), and 37 hatchery fish and 367 wild fish
(in 2009). Hatchery fish were identified by tags (primarily CWT
and or PIT tags) that were put on them at various hatcheries
that identified locations where they were stocked. Hatchery fish
that strayed into Asotin Creek were predominately released at
Lyons Ferry Hatchery, Tucannon River, Walla Walla / Touchet
rivers, and Grande Ronde / Wallowa rivers. One fish strayed
from Ringold Hatchery on the Columbia River. The adults constructed 488 redds (in 2005), 269 redds (in 2007), 207 redds (in
2008), and 249 redds (in 2009) (Mayer et al. 2006, 2007, 2010);
Mayer and Schuck 2008). Turbid waters associated with high
discharge in 2006 prevented fisheries biologists from making
redd counts in 2006.
The rotary screw trap also captured downstream migrating
juvenile fall Chinook salmon: 4,145 (in 2004), 319 (in 2005), 2,358
(in 2006), 2,583 (in 2007), 1,127 (in 2008), and 336 (in 2009), and
14 juvenile bull trout throughout the study period (Mayer and
Schuck 2004, 2008; Mayer et al. 2006, 2007, 2010). The adult
weir captured 1 chiselmouth, 1,717 bridgelip sucker, 10 mountain
whitefish, 1 coho salmon, 2 resident rainbow trout, 1 fall Chinook
salmon, 16 spring Chinook salmon, and 5 bull trout throughout
the study period.
The coho salmon was most likely a stray from the Clearwater
River, where the Nez Perce Tribe is currently attempting to restore
a population that was extirpated. Sculpin (Cottidae) and speckled
dace were also present, and occasionally locally abundant, at a few
locations in the Asotin drainage, but they were not present at most
sampled sites (Mendel et al. 2001, 2004b, 2006, 2008).
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GRANDE RONDE RIVER SUB-BASIN
The Grande Ronde River is a tributary that joins the Snake River at
Snake RKM 270 (Rm 169) on the left (west) bank, which is approximately RKM 789 (Rm 493) from the Pacific Ocean. It flows 341 km
(212 mi) between its source at an elevation of 2,269 m (7,444 ft)
above MSL about 32 km (20 mi) south of La Grande, Oregon and
its confluence with the Snake River at an elevation of 253 m (830 ft)
above MSL at RKM 272 (Rm 170) near Rogersburg, Washington. A
map and photographs of the Grande Ronde Sub-basin are shown
respectively in Figures 5.95 and 5.96.
The Grande Ronde generally flows in a serpentine course to the
northeast between the Blue Mountains and Wallowa Mountains. The
middle reach of the Grande Ronde River flows through croplands in
a broad valley. The lower reach flows through a deeply incised scenic canyon. Over its course, the Grande Ronde is joined on the right
bank by Catherine Creek (RKM 243) and the Wallowa River (RKM 132).
Approximately 71 km (44 mi) between the confluence with the
Wallowa River and the Oregon / Washington border was designated as
a National Wild and Scenic River by the United States Congress in 1988.
The Wallowa River flows out of Wallowa Lake, which is 1,267 km
(792 mi) from the Pacific Ocean, at an elevation of 1,336 m (4,383 ft)
above MSL. Wallowa Lake is a glacial moraine dammed lake that is
5.6 km long by 1.2 km wide with a maximum depth of 91 m (299 ft).
A dam at the outlet of the Lake added 8.2 m (26.8 ft) to the depth of
the natural lake in 1922. The dam impounds about 40,000 acre-feet
of water that is stored for irrigation. Wallowa Lake is classified as
an oligotrophic lake. Secchi disk transparency usually ranges from
7.6–13.7 m (28–45 ft). Between Wallowa Lake and its confluence
with the Grande Ronde River, the Wallowa River is joined on its
left (south) bank by the Lostine (RKM 42) and Minam (RKM 16)
rivers. The headwaters of the Wallowa, Lostine, and Minam rivers
and Catherine Creek originate in the Eagle Cap Wilderness Area
of the Wallowa Mountains.
The Wenaha River flows along the Oregon / Washington border
from west to east to join the Grande Ronde River on its left bank at
RKM 74. The Wenaha is fed by many tributaries that arise in the Blue
Mountains in Washington State and join it from the left (north)
including: North Fork Wenaha River, Deep Saddle Creek, Beaver
Creek, and Butte Creek. The Butte Creek drainage includes the East
and West Fork of Butte Creek, Rainbow Creek, and Preacher Creek.
Tributaries that enter the lower Grande Ronde River from the
left (north) bank in Washington state include Grouse, Bear, Buford,
Shumaker, and Mayers creeks.
The Grande Ronde basin encompasses 10,697 km² (4,130 sq mi).
Discharge of the Grande Ronde River measured at a United States
Geological Survey gauge below its confluence with the Wenaha River
near Troy, Oregon (RKM 72 or Rm 46) averaged 3,034 cfs (86 m³ ⁄ sec)
over a 60 year period of record (1945–2005). The minimum and maximum discharge during the period of record was 344 cfs (10 m³ ⁄ sec)
and 42,200 cfs (1,195 m³ ⁄ sec). The mean monthly flow of the Grande
Ronde at Troy, Oregon ranged from a peak of about 6,900 cfs during
the spring freshet in May to about 900 cfs during the summer low
discharge in August, September, and October.
The state of Oregon has issued water rights in the Grande Ronde
Sub-basin totaling about 3,000 cfs (Cramer and Whitty 1998), which
approaches the average discharge of 3,034. Thus, during the period of
low summer discharge, the Grande Ronde River and its tributaries
are over appropriated, so that only about one third of the water rights
can be filled. This reduced the river discharge to a trickle, which cre-

ated adult passage problems for salmonid fishes. Reductions in discharge increased stream temperatures to above 25°C (in some cases
to above lethal levels of 27°C for salmonids) and reduced the large
pools. Overgrazing, agriculture, and timber harvest along the river
banks decreased riparian vegetation, which contributed to increasing temperatures and erosion (sedimentation) problems resulting in
channel widening and further loss of large pool habitat that juvenile
salmonids rear in and adult salmonids rest in during their upstream
migration. Degradation of riparian habitat also caused earlier runoff,
leaving less water for the critical summer low flow period.
The Grande Ronde River Basin was designated as a “Model
Watershed” for Oregon by the Northwest Power Planning Council in
1992 as part of the Council’s Columbia River Basin Fish and Wildlife
Program. Since then efforts have begun to restore degraded riparian
habitat by fencing of riparian corridors to reduce livestock grazing,
planting riparian vegetation, constructing in stream structures to create more large pools, and making agreements with landowners that
pay them to use some of their water rights to provide instream flows
for fish instead of using them all to irrigate croplands. These activities were paid for by Bonneville Power Administration (BPA) using
hydroelectric rate payer funds. BPA has funded projects proposed by
the Oregon Department of Fish and Wildlife (McGowan et al. 2001)
and the Confederated Tribes of the Umatilla Indian Reservation
(Childs 2004). Collectively, the two projects have so far restored about
283 miles of anadromous fish bearing habitat in the Grande Ronde
Basins. See papers by ODFW and CTUIR (1990); Anderson et al. (1992);
Huntington (1993; Duncan and Cawthon (1994); Wissmer et al. (1994);
McIntosh et al. (1994); Bottom et al. (1995); Mobrand and Lestelle
(1997); and Asne et al. (2000) for more detailed descriptions of the
habitat degradation that has occurred in the Grande Ronde Sub-basin.
The Grande Ronde sub-basin supported 23 (indigenous) and
15 introduced (non-indigenous) species of fishes (Newack and
Kukenbecker 2004). Fish species (I = indigenous or N = non-indigenous) known to occur in the Grande Ronde sub-basin include:
• Petromyzontidae: Pacific Lamprey (I), western brook lamprey
(I);
• Cyprinidae: chiselmouth (I), carp (N), peamouth (I), northern pikeminnow (I), longnose dace (I), speckled dace (I),
redside shiner (I);
• Catostomidae: bridgelip sucker (I), largescale sucker (I),
mountain sucker (I);
• Ictaluridae: channel catfish (N), flathead catfish (N);
• Salmonidae: mountain whitefish (I), westslope cutthroat trout
(N), anadromous rainbow (redband steelhead) trout (I),
resident rainbow (redband) tout (I), kokanee (I), spring
and fall Chinook salmon (I), bull trout (I), brook trout (N),
lake trout (N);
• Cottidae: mottled sculpin (I), Piute sculpin (I), slimy sculpin
(I), shorthead sculpin (I), torrent sculpin (I);
• Centrarchidae: pumpkinseed (N), warmouth (N), bluegill (N),
smallmouth bass (N), largemouth bass (N), white crappie
(N), black crappie (I); and
• Percidae: yellow perch (N).

Baxter (2002) observed 12 species in the Wenaha River in 1998–
2000 including: chiselmouth, northern pikeminnow, longnose
dace, speckled dace, bridgelip sucker, largescale sucker, mountain
whitefish, rainbow / steelhead trout, Chinook salmon, bull trout,
Piute sculpin, and torrent sculpin.
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Figure 5.96

Grande Ronde River. Photos courtesy of David Lee CC BY-SA 2.0.
A. T. Scholz

539

Chapter 5

Keefe et al. (1994, 1995, 1998), Jonasson et al. (1996, 1997, 1999,
2000, 2006), Sanokovich (1996, 1997); Tranquilli et al. (1998); Van
Dyke et al. (2001), Manzyk et al. (2002); Reischauer et al. (2003); and
Yanke et al. (2007) investigated production of wild spring Chinook
salmon and wild steelhead trout in the Grande Ronde Basin. Boe
et al. (2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2009, 2010)
monitored hatchery supplementation of spring Chinook salmon
and steelhead trout in the basin. Garcia et al. (1994a, 1994b, 1995,
1196, 1997, 1999, 2000, 2001, 2003a, 2003b, 2004, 2005, 2006, 2007,
2008, 2009) conducted fall Chinook salmon spawning ground surveys in the Grande Ronde. Cramer and Witty (1998) investigated
the feasibility of restoring coho and sockeye salmon to the Grande
Ronde Sub-basin. Mendel et al. (2006, 2008) conducted baseline
assessments of salmonids in Washington tributaries of the Grande
Ronde and Wenaha rivers. Schuck et al. (1991, 1992, 1993, 1994, 1995,
1996, 1997, 1998, 2000), Martin et al. (2000), Bumgarner et al. (2002,
2003, 2006), and Bumgarner and Dedloff (2007) estimated the total
catch and harvest of adult hatchery and wild steelhead caught by anglers fishing on the Grande Ronde River in Washington and Oregon.
Bull trout population estimates and redd counts in the Upper
Grande Ronde River and its tributaries were made by Hemmingsen
et al. (1996, 2001a, 2001c, 2001v, 2001d, 2002), Buchannon et al.
(1997), Bellerud et al. (1997), , USFWS (2002), Sausen (2005, 2007,
2008, 2010), and Mendel et al. (2006, 2008). Setter and Carmichel
(1997, 1998, 1999, 2000, 2001, 2002) monitored a smolt trap set near
the mouth of the Grande Ronde River. Baxter (2002) and Torgerson
et al. (2006) investigated the fish assemblage in the Wenaha River.
Spring Chinook salmon spawn naturally in the upper Grande
Ronde, Wenaha, Wallowa, Lostine, and Minam rivers and in
Catherine, Lookingglass, Bear, Hurricane, Prairie, Sheep, and
Indian creeks (Childs 2003). These populations were all listed under the Endangered Species Act (ESA) as threatened. Childs (2007)
noted that so few wild Chinook escaped to spawn between 1997
and 2001, that a captive brood stock program was initiated for
the Upper Grande Ronde River and Catherine Creek. Adults captured at each of these locations were spawned and eggs / juveniles
were raised in a hatchery because survival of eggs and juveniles
is better in the hatchery as compared to in the wild. Some of the
juvenile were raised at the hatchery until they became sexually
mature adults (the captive brood stock). The remainder of the juveniles were stocked back into the same tributary that the adults
were taken from in order to supplement the naturally produced
fish. Each location was supplemented only with offspring of adults
that had homed to that location in an attempt to maintain locally
adapted genetic populations of each stock.
The number of adult spring Chinook returning to the Upper
Grande Ronde River to spawn was estimated by ICTRT (2005) at:
• 208 in 1981 (208 wild fish and 0 hatchery fish);
• 149 in 1982 (149 wild fish and 0 hatchery fish);
• 190 in 1983 (190 wild fish and 0 hatchery fish);
• 150 in 1984 (150 wild fish and 0 hatchery fish);
• 332 in 1985 (332 wild fish and 0 hatchery fish);
• 205 in 1986 (180 wild fish and 25 hatchery fish);
• 692 in 1987 (125 wild fish and 597 hatchery fish);
• 539 in 1988 (41 wild fish and 498 hatchery fish);
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• 3 in 1989 (number that were wild or hatchery unknown);
• 105 in 1990 (53 wild fish and 52 hatchery fish);
• 39 in 1991 (26 wild fish and 13 hatchery fish);
• 390 in 1992 (81 wild fish and 309 hatchery fish);
• 327 in 1993 (76 wild fish and 251 hatchery fish);
• 13 in 1994 (4 wild fish and 9 hatchery fish);
• 20 in 1995 (20 wild fish and 0 hatchery fish);
• 68 in 1996 (68 wild fish and 0 hatchery fish);
• 68 in 1997 (61 wild fish and 7 hatchery fish);
• 83 in 1998 (83 wild fish and 0 hatchery fish);
• 4 in 1999 (number that were wild or hatchery unknown);
• 30 in 2000 (30 wild fish and 0 hatchery fish);
• 64 in 2001 (64 wild fish and 0 hatchery fish);
• 54 in 2002 (51 wild fish and 3 hatchery fish);
• 126 in 2003 (101 wild fish and 25 hatchery fish);
• 535 in 2004 (26 wild fish and 509 hatchery fish); and
• 341 in 2005 (15 wild fish and 326 hatchery fish).
Natural-origin and hatchery-origin spring Chinook were
trapped at weirs on the Upper Grande Ronde River and Catherine
Creek from 1997–2008 (Boe et al. 2010). The numbers of wild and
hatchery origin adults collected in the Grande Ronde trap respectively totaled 8 and 0 in 1997, 32 and 0 in 1998, 1 and 0 in 1999, 21
and 4 in 2000, 55 and 2 in 2001, 101 and 3 in 2002, 121 and 41 in
2003, 33 and 433 in 2004, 7 and 154 in 2005, 14 and 263 in 2006,
33 and 40 in 2007, and 21 and 112 in 2008 (Boe et al. 2010). Of
these, the following were transferred to Lookingglass hatchery and
spawned artificially: 6 wild and 0 hatchery fish in 2000, 21 wild
and 0 hatchery fish in 2001, 49 wild and 0 hatchery fish in 2002,
72 wild and 0 hatchery fish in 2002, 16 wild and 0 hatchery fish in
2004, 7 wild and 64 hatchery fish in 2005, 7 wild and 64 hatchery
fish in 2006, 14 wild and 46 hatchery fish in 2007, and 9 wild and 16
hatchery fish in 2008. The remainder of the fish from each group
in each year were allowed to spawn naturally in the river.
The numbers of wild and hatchery origin adults collected in the
Catherine Creek trap respectively totaled 2 and 0 in 1997, 30 and 0
in 1998, 16 and 0 in 1999, 11 and 8 in 2000, 265 and 79 in 2001, 170
and 142 in 2002, 254 and 365 in 2003, 89 and 635 in 2004, 60 and
166 in 2005, 112 and 190 in 2006, 77 and 165 in 2007, and 95 and 250
in 2008 (Boe et al. 2010). Of these, the following were transferred
to Lookingglass hatchery and spawned artificially: 7 wild and 0
hatchery fish in 2000, 25 wild and 0 hatchery fish in 2001, 38 wild
and 0 hatchery fish in 2002, 51 wild and 0 hatchery fish in 2003, 17
wild and 0 hatchery fish in 2004, 10 wild and 24 hatchery fish in
2005, 10 wild and 24 hatchery fish in 2006, 28 wild and 47 hatchery
fish in 2007, and 18 wild and 39 hatchery fish in 2008. The remainder of the fish from each group in each year were allowed to spawn
naturally in the creek.
Adult spring Chinook salmon produced redds in the Upper
Grande Ronde River (n = 29 in 2003, 29 in 2004, 74 in 2005, 0 in 2007,
and 29 in 2008), Catherine Creek (n = 14 in 1996, 46 in 1997, 34 in
1998, 38 in 1999, 26 in 2000, 131 in 2001, 167 in 2003, 167 in 2004, 84 in
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2005, 59 in 2007, and 101 in 2008), and Lostine River (n = 27 in 1996, 7
in 1997, 28 in 1998, 45 in 1999, 53 in 2000, and 98 in 2001) (Reischeuer
et al. 2003; Boe et al. 2004, 2005, 2006, 2007, 2009, 2010).
Wild spring Chinook salmon redds were also counted sporadically in Butte Creek, a Washington tributary of the Wenaha River
(n = 8 in 1987, 6 in 1988, 1 in 1989, 14 in 1992, 5 in 1993, 7 in 2005, and
3 in 2006) (Mendel et al. 2006, 2008).
Population estimates (± 95% CI) of naturally produced spring
Chinook salmon smolts based on the number migrating downstream past a rotary screw trap in the Upper Grande Ronde River
were: 24,791 (± 3,193) in 1993 / 1994, 38,725 (± 12,690) in 1994 / 1995,
1,118 (± 192) in 1995 / 1996, 82 (± 30) in 1996 / 1997, 6,922 (± 622)
in 1997 / 1998, 14,858 (± 3,122) in 1998 / 1999, 14,870 (± 2,070) in
1999 / 2000, 51 (± 31) in 2000 / 2001, 9,133 (± 1,545) in 2001 / 2002,
and 4,922 (± 470) in 2002 / 2003) (Yanke et al. 2007).
Population estimates (± 95% CI) of naturally produced spring
Chinook salmon smolts migrating downstream past a rotary screw
trap in Catherine Creek were 17,633 (± 2,067) in 1994 / 1995, 6,857
(± 688) in 1995 / 1996, 4,442 (± 1,123) in 1996 / 1997, 9,881 (± 1,209)
in 1997 / 1998, 20,311 (± 2,299) in 1998 / 1999, 23,991 (± 2,342) in
1999 / 2000, 21,936 (± 2,282) in 2000 / 2001, 23,362 (± 2,870) in
2001 / 2002, and 34,623 (2,615) in 2002 / 2003 (Yanke et al. 2007).
Population estimates (± 95% CI) of naturally produced spring
Chinook salmon smolts migrating downstream past a rotary screw
trap in the Minam River were 28,209 (± 4,643) in 2000 / 2001,
79,000 (± 10,836) in 2001 / 2002, and 63,147 (± 10,659) in 2003 / 2004
(Yanke et al. 2007).
Additionally, hatchery produced smolts were released into
the Upper Grande Ronde River (n = 1,540 in 2000, 79,531 in 2001,
151,846 in 2002, 237,466 in 2003, 148,804 in 2004, 105,369 in 2005,
18,977 in 2006, 138,423 in 2007, and 235,000 in 2008) and into
Catherine Creek (n = 38,009 in 2000, 137,888 in 2001, 180,192 in
2002, 129,705 in 2003, 163,372 in 2004, 189,580 in 2005, 68,820 in
2006, 71,268 in 2007, and 116,832 in 2008 (Boe et al. 2010).
Fish in these studies were trapped principally at age 0 in the fall
or age 1 in the spring. Age 2 smolts were rare. Some of the age 0 and
age 1 parr did not migrate but became sexually mature resident fish
that remained in the tributaries and attempted to spawn with sexually mature adult females. For example in Catherine Creek, it was
estimated that for every anadromous female spawner that there
were 27 precocious age 0 and 1 males in 2000 and about 8 in 2001
(Yanke et al. 2007).
Fall Chinook salmon still spawn naturally in the lower Grande
Ronde River and Joseph Creek. Spawning surveys were made by
helicopter (at an altitude of 760 ft or less) and redds were counted
from 1986–2008 in the lower 85 km (53 mi) of the Grande Ronde
River (number of surveys, n = 1 in 1986, 3 in 1987, 2 in 1988, 1 in
1989, 1 in 1990, 3 in 1991, 6 in 1992, 8 in 1993, 7 in 1994, 3 in 1995, 4
in 1996, 8 in 1997, 6 in 1998, 7 in 1999, 7 in 2000, 9 in 2001, 7 in 2002,
8 in 2003, 8 in 2004, 9 in 2005, 6 in 2006, 8 in 2007, and 7 in 2008)
(Garcia et al. 2009). Maximum numbers of fall Chinook salmon
redds counted in each year were 0 in 1986, 7 in 1987, 1 in 1988, 0 in
1989, 1 in 1990, 0 in 1991, 5 in 1992, 49 in 1993, 15 in 1994, 18 in 1995,
20 in 1996, 55 in 1997, 24 in 1998, 13 in 1999, 8 in 2000, 197 in 2001,
111 in 2002, 93 in 2003, 162 in 2004, 129 in 2005, 41 in 2006, 80 in
2007, and 185 in 2008 (Garcia et al. 2009). Additional counts were
made in the Wenaha and Wallowa Rivers from 2006–2008. One
fall Chinook redd was counted in the Wenaha each year and no fall
Chinook redds were counted in the Wallowa River.

Steelhead trout spawn naturally throughout the Grande Ronde
sub-basin. The number of adults returning to spawn had decreased
substantially by 1974, so sport fishing was officially closed. Despite
this closure, escapement of adults to spawning grounds continued
to decrease between 1977 and 1997, so in 1997 these steelhead were
officially listed as threatened under the federal Endangered Species
Act. Since 2000 steelhead returns in the Grande Ronde have improved considerably. Improved returns of Chinook salmon and
steelhead trout in recent years are likely related to:
1.

Increased productivity of the North Pacific Ocean,
which improve survival and smolt to adult returns
(PDO cycle conducive to increasing survival of salmonids from the Columbia River);

2.

Improvements made in the mainstem Snake and
Columbia rivers for passing smolts downstream,
including providing more water to increase discharge
(which flushes the fish through mainstem reservoirs
faster so they are subjected to less predation) and developing better bypass and transportation systems that
reduces encounters with turbines; and

3.

Improvements made in the Grande Ronde Basin to
restore habitat such as pools where migrating adults
can rest and juvenile steelhead can rear.

The runs of wild, naturally produced steelhead in the Grande
Ronde sub-basin have been supplemented by releases of hatchery raised steelhead smolts since 1978 in order to provide fishing
opportunities for anglers. Adipose fins are clipped off all hatchery produced steelhead. Thus, anglers can immediately recognize
hatchery produced steelhead from naturally produced steelhead by
the absence or presence of the adipose fin. Anglers are supposed
to release all wild steelhead but can keep adipose-clipped hatchery
steelhead. Sport catch of hatchery and wild steelhead in the Grande
Ronde River were described by Schuck et al. (1991, 1992, 1993, 1994,
1995, 1996, 1997, 1998, 2000); Martin et al. (2000); Bumgarner et al.
(2002, 2003, 2006); and Bumgarner and Dedloff (2007) and totaled:
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• 200 (156 hatchery + 44 wild) in 1983;
• 293 (288 hatchery + 5 wild) in 1987;
• 515 (511 hatchery + 5 wild) in 1988;
• 823 (823 hatchery + 0 wild) in 1989;
• 653 (653 hatchery + 0 wild) in 1990;
• 2,070 (2,070 hatchery + 10 wild) in 1991;
• 1,507 (1,458 hatchery + 49 wild) in 1992;
• 1,351 (1,294 hatchery + 57 wild) in 1993;
• 967 (939 hatchery + 28 wild) in 1994;
• 2,875 (2,824 hatchery + 51 wild) in 1995;
• 3,355 (3,322 hatchery + 33 wild) in 1996;
• 4,597 (4,518 hatchery + 86 wild) in 1997;
• 1,470 (1,440 hatchery + 30 wild) in 1998;
• 2,148 (2,077 hatchery + 71 wild) in 1999;
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• 5,825 (5,755 hatchery + 70 wild) in 2000;
• 8,040 (7,959 hatchery +82 wild) in 2001;
• 5,362 (5,194 hatchery + 168 wild) in 2002; and
• 4,912 (4,771 hatchery + 141 wild) in 2003.
Upstream migrating wild steelhead collected at the Grande
Ronde River adult trap included 24 females and 11 males in 2002,
39 females and 17 males in 2003, 43 females and 20 males in 2004,
28 females and 14 males in 2005, none of either sex in 2006, 32
females and 33 males in 2007, and 12 females and 20 males in 2008
(Boe et al. 2010). Upstream migrating adult steelhead captured at
the Catherine Creek adult trap included 152 females and 100 males
in 2002, 141 females and 80 males in 2003, 102 females and 78
males in 2004, 106 females and 82 males in 2005, 98 females and
79 males in 2006, 83 females and 50 males in 2007, and 72 females
and 48 males in 2008 (Boe et al. 2010).
Population estimates (± 95% CI) of naturally produced steelhead smolts migrating downstream past a rotary screw trap in
the Upper Grande River were 15,104 (± 3,184) in 1996 / 1997, 10,133
(± 1,612) in 1997 / 1998), 6,108 (± 1,309) in 1998 / 1999, 17,845 (± 3,526)
in 1999 / 2000, 16,067 (± 4,076) in 2000 / 2001, 17,286 (± 1,715) in
2001 / 2002, and 14,729 (± 2,302) in 2002 / 2003 (Yanke et al. 2007).
Population estimates (± 95% CI) of naturally produced steelhead smolts migrating downstream past a rotary screw trap in
Catherine Creek were 25,229 (± 4,774) in 1996 / 1997, 20,742 (± 2,076)
in 1997 / 1998, 19,628 (± 3,549) in 1998 / 1999, 35,699 (± 6,024) in
1999 / 2000, 20,586 (± 4,802) in 2000 / 2001, 45,799 (± 6,271) in
2001 / 2002, and 29,593 (± 5,095) in 2002 / 2003 (Yanke et al. 2007).
Population estimates (± 95% CI) of naturally produced steelhead smolts migrating downstream past a rotary screw trap in
the Lostine River were 4,309 (± 710) in 1996 / 1997, 10,271 (± 2,152)
in 1997 / 1998, 23,643 (± 2,637) in 1998 / 1999, 11,981 (± 1,574) in
1999 / 2000, 16,690 (± 3,242) in 2000 / 2001, 21,019 (± 2,958) in
2001 / 2002, and 37,106 (± 4,798) in 2002 / 2003 (Yanke et al. 2007).
Population estimates (± 95% CI) of naturally produced steelhead
smolts migrating downstream past a rotary screw trap in the Minam
River were 28,113 (± 10,537) in 2000 / 2001, 44,872 (± 19,786) in
2001 / 2002, and 43,743 (± 20,680) in 2002 / 2003 (Yanke et al. 2007).
There are historical records that documented natural spawning
of coho salmon in the Grande Ronde Sub-basin (Parkhurst 1950;
Fulton 1970). About 20,000 spawning coho formerly spawned in
the Wenaha, Wallowa, Lostine, and Minam rivers and in Catherine,
Prairie, and Spring creeks (Parkhurst 1950; Fulton 1970; Cramer
and Whitty 1998). By 1906 coho numbers had been reduced considerably. They were extirpated from the Wenaha River by 1904
and a 14 foot high dam at RKM 4.8 (Rm 3) on the Wallowa River
blocked coho from 1907–1924 (Cramer and Whitty 1998). Coho
spawned below the dam and when it was removed they re-colonized the Wallowa River. Also, a number of attempts to introduce
hatchery coho from outside the Grande Ronde sub-basin were
made between 1924–1937 and 1964–1968 (Cramer and Whitty
1998). ODFW counted a few adults returning to the Wallowa River
and its tributaries until 1981 and 1982 when the number dropped
to zero. Counts of spawning adult coho in the Wallowa River numbered 20 in 1957, 20 in 1959, 27 in 1966, 117 in 1967, 23 in 1968, 19 in
1969, 88 in 1970, 116 in 1971, 13 in 1972, 27 in 1973, 7 in 1974, 10 in
1975, 56 in 1976, 0 in 1977, and 1978, 2 in 1979, and 0 in 1981 and 1982.
Juvenile coho were also captured in trap boxes at irrigation diversions protected by rotary screens at four streams in the Wallowa
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Basin (Wallowa and Lostine rivers and Hurricane and Bear Creeks).
These traps collected juvenile coho from 1961–1988 (n = 395 in 1961,
493 in 1962, 3,033 in 1963, 1,963 in 1964, 3,498 in 1965, 9,324 in 1966,
4,122 in 1967, 15,464 in 1968, 5,308 in 1969, 5,355 in 1970, 2,415 in 1971,
7,443 in 1972, 17,279 in 1973, 2,737 in 1974, 3,417 in 1975, 1,797 in 1976,
5,880 in 1977, 2,292 in 1978, 22 in 1979, 2 in 1980, 5 in 1981, 14 in 1982,
1 in 1983, 6 in 1984, 95 in 1985, 37 in 1986, 3 in 1987, and 0 in 1988.
A total of 7,532,300 coho eggs and 500,135 coho fry collected
from stocks native to the Grande Ronde or Wallowa rivers were
planted in the Grande Ronde or Wallowa rivers between 1901
and 1907 (Cramer and Whitty 1998). A total of 1,179,900 fry and
3,532,200 coho fingerlings from stocks non-indigenous to the
Grande Ronde Basin were planted in the Wallowa River in 1924–
1925, 1929–1932, 1934–1935, and 1937 (Cramer and Whitty 1998).
All of these plants ultimately failed to establish permanent natural
spawning populations.
About 24,000–30,000 sockeye salmon historically spawned in
shoreline gravels and the inlet (Wallowa River) of Wallowa Lake
(Bendire 1878, 1879b, 1882; Parkhurst 1950; Fulton 1970; Cramer
and Whitty 1998) but were extirpated by 1904 owing to a combination of factors, including: (1) unscreened irrigation diversions;
(2) overharvest; and (3) their interception by weirs constructed
across the Grande Ronde River in 1902 and the Wallowa River in
1903. Captured sockeye were spawned and an attempt was made
to raise their eggs at the Wallowa hatchery, located 64 km (40 mi)
downstream of Wallowa Lake. A 14 ft high dam was placed across
the Wallowa River to provide water for the hatchery. The dam was
operated from 1903–1924 when it was dynamited out. Artificial
culture of sockeye eggs was unsuccessful. As a result sockeye were
eliminated from Wallowa Lake. In 1916, an 18 ft high dam (that was
raised to a height of 26.8 ft in 1929) at the outlet of Wallowa Lake
blocked sockeye from the lake.
Wallowa Lake also had a native landlocked population of kokanee until 1962. Most of the kokanee spawned in the inlet (the
Wallowa River). In 1950 the braided channel, the Wallowa River
above the lake was eliminated and the river was diverted to a single deep channel to prevent flooding, which destroyed kokanee
spawning gravels and caused their population to collapse (Cramer
and Whitty 1998).
From 1958–1965 non-indigenous lake trout were stocked in
Wallowa Lake. Lake trout preyed on the few remaining kokanee,
which caused their extirpation. The lake trout did not successfully
reproduce in the lake. During the period lake trout were being
stocked, they supported a popular sport fishery until they disappeared from the lake in 1967, soon after stocking ceased.
From 1962–1982, non-indigenous kokanee were imported from
Washington, Montana, and British Columbia to replace the native
stock that had been extirpated. These fish have established a self-sustaining, naturally reproducing population because no kokanee have
been stocked in Wallowa Lake since 1982. However, the gene pool
is now comprised of introduced stocks rather than the native stock.
Creel records for Wallowa Lake indicated that from 1954–
1959, 1961, 1963, 1965–1984, and 1986–1996 anglers fished a total
of 1,235,725 hours to catch 1,215,988 total fish comprised of 51.1%
rainbow (n = 621,882), 48.2% kokanee (n = 586,045), 0.4% bull trout
(n = 4,591), 0.2% lake trout (n = 3,031), and 0.1% mountain whitefish
(n = 469) (reviewed by Cramer and Whitty 1998). Rainbow trout
and kokanee were caught in every year. Bull trout were caught in
1954–1956, 1959, 1963, 1966, 1969, 1963, 1965–1966, 1974, 1988–1992,
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and 1995–1996. Mountain whitefish were caught in 1965–1968,
1970, 1973–1974, 1976–1978, 1987–1989, 1991, 1993, and 1995–1996.
Bull trout are found in the upper reaches of the upper Grande
Ronde, Wenaha, Minam, Little Minam, and Lostine rivers and in
Bear, Catherine, Deer, Hurricane, Indian, and Lookingglass creeks
during the summer months. These streams are cold water refuges
during the warm summer months. Bull trout are found throughout the Grande Ronde sub-basin during the cold winter months.
Bull trout were also historically present in Wallowa Lake until they were intentionally removed by ODFW during the 1930s,
1940s, and 1950s because they ate rainbow trout. Hatchery raised
bull trout were released in Wallowa Lake between 1968 and 1978
in an attempt to restore them in the lake, but the plants did not
establish self-sustaining naturally-reproducing populations
(Buchanan et al. 1987), so bull trout in Wallowa Lake are now
considered extinct (USFWS 2004). Bull trout from the Imnaha
River Sub-basin were recently introduced into the Wallowa
Lake / River system (USFWS 2004).
Bull trout in the Grande Ronde were listed as threatened under
the federal Endangered Species Act in June 1998. In their bull trout
recovery plan, USFWS (2004) estimated the bull trout populations
in each river or creek based on redd counts, trap data, field observations, and professional judgment of field biologists who collected
data on bull trout. Bull trout in each tributary was: Upper Grande
Ronde River (n < 100), Wenaha River (n = 2,000), Minam River
(n = 200), Little Minam River (n = 750), Lostine River (n = 500–
1,000), Bear Creek (n < 100), Catherine Creek (n <100), Hurricane
Creek (n < 100), Indian Creek (n < 100), and Lookingglass Creek
(n = 200). Populations containing fewer than 100 adults are at risk
from inbreeding. The sum of interconnected populations must exceed 1,000 adults to avoid the risk of genetic drift (USFWS 2004).
Based on these criteria, only four of the Grande Ronde populations are not at risk of extinction (Wenaha, Lostine, and Minam
rivers and Lookingglass Creek). Although bull trout are relatively
abundant in the Little Minam River (n ≈ 750), the population is
isolated above a barrier fall, which prevents exchange of genes with
stray fish from other populations.
Non-indigenous brook trout have been stocked in many headwater lakes and tributaries in the Grande Ronde Basin. Presence of
brook trout has been documented in the Grande Ronde, Lostine,
Minam, North Fork Minam, and Wallowa Rivers, and in Bear,
Beaver, Elk, Hoodoo, Hurricane, Limber Jim, Lookingglass, Lost,
and Silver creeks (USFWS 2004). In Hurricane creek 24% of the
bull trout encountered had hybridized to some degree with brook
trout. The extent to which other populations of bull trout have hybridized with brook trout is unknown (USfws 2004).
Bull trout redds counted in various tributaries of the Grande
Ronde River were:
• Lostine River (tributary of Wallowa River):39 in 1999,
38 in 2000, 43 in 2001, 22 in 2002, 71 in 2003, 26 in
2004, 32 in 2005, 45 in 2006, 47 in 2007, 53 in 2008, and
41 in 2009 (Sausen 2010);

in 2004, 16 in 2005, 9 in 2006, 11 in 2007, 20 in 2008,
and 8 in 2009 (Sausen 2010);
• Big Sheep and Lick creeks (tributaries of Wallowa
River): 12 in 2000, 24 in 2001, 41 in 2002, 18 in 2003, 43
in 2004, 16 in 2005, 18 in 2006, 27 in 2007, 30 in 2008,
and 20 in 2009 (Sausen 2010);
• Lookingglass Creek (tributary of the Grande Ronde
River): 15 in 1994, 10 in 1995, 29 in 1996, 39 in 1997, 62 in
1998, 51 in 1999, 53 in 2000, and 54 in 2001 (USFWS 2004);
• North Fork Wenaha River (tributary of Wenaha River):
153 in 2005, 82 in 2006, and 86 in 2007 (Mendel et al.
2006, 2008);
• Butte Creek (tributary of Wenaha River): 8 in 2005
(Mendel et al. 2006);
• East Fork Butte Creek (tributary of Butte Creek): 0 in
2005 (Mendel et al. 2006);
• West Fork Butte Creek (tributary of Butte Creek): 23 in
2005, 32 in 2006 (Mendel et al. 2006, 2008); and
• Preacher Creek (tributary of Butte Creek): 0 in 2005
(Mendel et al. 2006).
Howell et al. (2010) tagged bull trout that spawned in the
Lostine River with temperature sensitive radio transmitters. These
fish moved from overwintering areas in the Wallowa and Lower
Lostine rivers when temperatures in these rivers increased from
about 12–21°C in June and July. By August temperatures in the
Wallowa and Lower Lostine rivers were about 18–25°C. By August,
the fish had moved to the Upper Lostine where they spawned at
temperatures of 16–18°C.
Mendel et al. (2006, 2008) conducted backpack electrofishing surveys in tributaries of the Lower Grande Ronde River,
Washington. The following species were found in:
• Grouse Creek: 4 sites (rainbow trout);
• Bear Creek: 8 sites (rainbow trout, wild Chinook salmon);
• Wenatchee Creek: 14 sites (rainbow trout, unidentified
sculpin);
• Buford Creek: 4 sites (rainbow trout); and
• Joseph Creek: 5 sites (chiselmouth, longnose dace
speckled dace, bridgelip sucker, rainbow trout, unidentified sculpin, smallmouth bass).
Mendel et al. (2006, 2010) conducted backpack electrofishing
surveys of tributaries of the Wenaha River, Washington. The following species were found in:
• North Fork Wenaha River: 10 sites (bull trout, rainbow
trout, wild Chinook salmon, unidentified sculpin);
• Deep Saddle Creek: 7 sites (rainbow trout);

• Little Minam River and Dobbin Creek (tributaries of
Minam River, Wallowa River drainage): 29 in 1996, 377
in 1997, 381 in 1998, 300 in 1999, 270 in 2000, and 434
in 2001 (Hemmingsen et al. 2002);

• Beaver Creek: 10 sites (rainbow trout);
• Butte Creek: 3 sites (rainbow trout, wild Chinook
salmon, unidentified sculpin);
• East Fork Butte Creek: 6 sites (bull trout, rainbow trout,
wild Chinook salmon, unidentified sculpin);

• Bear and Goat creeks (tributaries of Wallowa River): 8
in 1999, 5 in 2000, 12 in 2001, 7 in 2002, 17 in 2003, 12
A. T. Scholz
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• Preacher Creek: 1 site (rainbow trout); and

• 2,951 and 2,084 (71%) in 2000; and

• Rainbow Creek: 3 sites (rainbow trout, unidentified
sculpin).

• 2,215 and 1,839 (83%) in 2001.

Baxter (2002) and Torgersen et al. (2006) found 14 species in
the Wenaha River, including:
• Cyprinidae: chiselmouth, northern pikeminnow, longnose
dace, speckled dace, redside shiner;
• Catostomidae: bridgelip sucker, largescale sucker, mountain
sucker;
• Salmonidae: mountain whitefish, rainbow trout, Chinook
salmon, bull trout; and
• Cottidae: Paiute sculpin, torrent sculpin.

Setter and Carmichael (1997, 1998, 1999, 2000, 2001, 2002)
monitored a screw trap to collect downstream migrating salmonids at RKM 1.9 (Rm 1.2) on the Lower Grande Ronde River between
1997–2001. During this period they trapped wild steelhead, hatchery steelhead, wild Chinook and hatchery Chinook and tagged
them with passive integrated transponder (PIT) tags, then noted
the percentage subsequently observed as they passed dams located
downstream from the mouth of the Grande Ronde in the Snake
and Columbia Rivers. The number of wild steelhead tagged at the
trap and recorded at dams (percentage of fish tagged at Grande
Ronde smolt trap that were recovered at dams noted in parentheses) was respectively:
• 1,140 tagged and 584 recorded (52%) in 1994;
• 656 and 458 (70%) in 1995;

The number of wild Chinook tagged at the trap and recorded at
dams was respectively:
• 872 tagged and 290 recorded (33%) in 1994;

• 720 and 633 (88%) in 2001.

• 602 and 519 (86%) in 2001.
The number of hatchery steelhead tagged and recorded at dams
was respectively:
• 1,602 tagged and 853 recorded (53%) in 1994;
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• 1,628 and 1,280 (79%) in 2001.

• 1,378 and 973 (71%) in 2000; and

• 1,201 and 879 (73%) in 2000; and

• 3,118 and 2,353 (76%) in 1999;

• 1,400 and 830 (59%) in 2000; and

• 1,473 and 1,140 (77%) in 1999;

• 1,464 and 1,185 (81%) in 1999;

• 2,706 and 2,103 (78%) in 1998;

• 1,786 and 1,061 (59%) in 1999;

• 723 and 551 (76%) in 1998;

• 867 and 720 (83%) in 1998;

• 2,349 and 1,197 (51%) in 1997;

• 844 and 608 (72%) in 1998;

• 28 and 2 (7%) in 1996;

• 378 and 215 (57%) in 1997;

• 542 and 232 (43%) in 1996

• 391 tagged and 219 recorded (56%) in 1994;

• 1,240 and 754 (61%) in 1995;

• 123 and 57 (46%) in 1996;

• 816 and 606 (74%) in 1995;

Of the 11,267 hatchery steelhead recorded at dams, 7,690
(68%) were observed at Lower Granite Dam (the first dam that
the fish passed migrating downstream), 2,154 (19%) were observed at Little Goose Dam, 1,010 (9%) were observed at Lower
Monumental Dam, 298 (3%) were observed at McNary Dam, 80
(< 1%) were observed at John Day Dam, and 130 (1%) were observed at Bonneville Dam.
Of the 4,343 wild steelhead recovered at dams, 2,188 (50%)
were observed at Lower Granite Dam, 1,341 (31%) were observed at Little Goose Dam, 503 (12%) were observed at Lower
Monumental Dam, 231 (5%) were observed at McNary Dam, 41
(< 1%) were observed at John Day Dam, and 39 (< 1%) were observed at Bonneville Dam.
The number of hatchery Chinook tagged at the trap and recorded at dams was respectively:

In addition to these anadromous salmonids, the following species were collected in the screw trap between 1994–2001: 13 Pacific
lamprey, 3,631 chiselmouth, 14 lake chub, 32 carp, 5 peamouth,
627 northern pikeminnow, 364 dace (species not identified), 154
redside shiner, 1,456 bridgelip sucker, 174 largescale sucker, 239
mountain sucker, 20 brown bullhead, 1 channel catfish, 4 bull trout,
34 sculpin (species not identified), 852 smallmouth bass, 2 crappie (species not identified), 31 yellow perch, and 33 other (species
not identified) (Setter and Carmichael 1997, 1998, 1999, 2000, 2001,
2002). The Grande Ronde River appears to be a stronghold for
mountain suckers since more were collected there than anywhere
else in the Columbia/Snake River Basins in Washington.
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