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selection. Relative variable importance was measured as the percent of individuals for which a 

covariate was in at least one of their top (ΔAIC ≤ 2) candidate models. The relative variable 

importance in descending order was: forest, TPI valley, shrub, lowcover, NDVI and 

NDVI*forest, TPI midslope, highcover (Table 7).  

3.5. DIFFERENCES IN RESOURCE SELECTION 

  To examine how the selection of habitat characteristics differs among the four 

populations, as well as address the potential habitat selection bias of low fix rates, I used a 

MANOVA to test for a population-level difference of habitat selection. MANOVA results 

indicated no significant difference in the mean selection coefficients among the four populations 

(Table 8).  

3.6. HABITAT SELECTION PATTERNS  

   Although there were no significant differences in the habitat selection coefficients, these 

relationships still indicate patterns in habitat selection. Therefore, I examined habitat selection 

patterns with the population-level selection coefficients (Table 9). In several instances, selection 

for or against habitat covariates was conserved between populations. All of the populations 

showed a positive relationship with shrub. 

 Elk from the Craig Mountain population showed a positive relationship with high NDVI 

and shrub. Elk from the Southfork population showed a positive relationship with forest and 

shrub. Elk from the Dworshak population showed a positive relationship with shrub and a 

negative relationship with high NDVI and dense forest cover. Elk from the Northfork population 

showed a positive relationship with shrub and forest, and a negative relationship with valleys. 

Selection coefficients indicated that there was a range in the selection of habitat components in 
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the populations (Table 9). However, overall, elk showed a positive relationship with shrub, and 

were 1.07 times more likely to occur in shrublands than not. Elk showed a positive relationship 

with forest, and were 1.15 times more likely to occur in forested areas than not. Elk showed a 

negative relationship with valleys, and were 1.06 times more likely to occur outside of valleys. 

Elk showed a negative relationship with high cover, and were 1.04 times more likely to be 

outside of high cover than not (Table 10). 

3.7. HABITAT SUITABILITY INDEX 

   To address my final objective, examining how summer-autumn distribution patterns 

relate to habitat variables within the four populations, I calculated a habitat suitability index 

(HSI) for each of the four populations (Fig. 11, 12, 13, 14). The final resource selection function 

used to calculate the HSI’s in all four populations was: 

 𝑤(𝑥, 𝑡) = 𝐸𝑥𝑝 [- 0.01*MIDSLOPE - 0.06*VALLEY  + 0.03*𝑁𝐷𝑉𝐼𝑡  +0.10*𝑁𝐷𝑉𝐼𝑡*(1-

FOREST)+ 0.04*FOREST + 0.07*SHRUB  - 0.04*HIGHCOVER + 0.00*LOWCOVER] 

In this equation I used the mean weighted selection coefficients (𝛽𝑤̂̅) across all individuals from 

each of the four populations, and 𝐻(𝑥) (i.e., midslope, valley, NDVI, NDVI*(1-Forest), Forest, 

Shrub, Highcover, and Lowcover) a vector of covariate values describing the habitat conditions 

at location x in the four population extents (Horne et al. 2014). The mean habitat suitability index 

values were different among the four populations. The Dworshak population utilized the highest 

levels of habitat suitability in both summer (July 20- 26
th

) and autumn (September 7-13
th

) weeks 

(mean= 0.61 (summer), 0.61 (autumn)) (Fig. 15), followed by Craig Mountain, Southfork and 

Northfork. The lowest habitat suitability index values utilized were in the Northfork population 

(mean= 0.29 (summer), 0.28 (autumn)), but likewise had lower habitat suitability values 
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available within the Northfork extent (Fig. 14). The mean habitat suitability index values were 

0.47 (summer) and 0.46 (autumn) for all elk detections and 0.38 (summer) and 0.37 (autumn) for 

all four study area extents. Therefore, elk utilized higher habitat suitability index values than 

those that were within the entire study area, and habitat suitability values were slightly lower in 

the autumn week (Fig. 16).  

4. DISCUSSION 

  This study was initiated to better understand the underlying causes of declining elk 

numbers in the Clearwater Basin. By analyzing their use of available habitat in the four study 

areas within the Clearwater Basin, I was able to identify several factors that may be contributing 

to elk vulnerability. In most respects the elk in my study populations utilized their habitat as 

expected. The summer-autumn period, which was the subject of this analysis, is typified by 

lower quality forage and high daytime temperatures in the study areas. All of the elk responded 

to those conditions by selecting for a combination of shrub and forest cover. 

  The results of the home range scale habitat selection analysis of adult cow elk in four 

different environments indicate a utilization of mixed cover types. The collared cow elk appeared 

to be both generalists and specialists in their selection of habitat components. Within the diverse 

topographic, vegetative, and anthropogenically-influenced conditions that characterize the 

Clearwater Basin, elk occupy ranges throughout. Elk have successfully utilized the arid 

grasslands of Craig Mountain as well as the wetter, more densely forested areas of the Northfork 

and Dworshak. This indicates flexibility in their use of habitat and a generalist use of the 

landscape. This is supported by the historic range shift in northern elk populations in which elk 

populations were extirpated from their native plains habitat to become successfully established in 

diverse, largely forested landscapes with a variety of successional stages (IDFG 2014). 
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  Despite their obvious flexibility in occupying four diverse study areas, the collared elk 

appeared to select a narrow range of habitat components within each area, and they demonstrated 

similar preferences across all four areas. The elk in all four study areas were consistent in their 

habitat selection and their most significant habitat variables. For example, they selected forest 

and shrub cover and avoided valleys during the summer-autumn season. This specific utilization 

of certain habitat components indicates a specialist selection, and may account for some of their 

vulnerability.  

  Cook et al. (2012) reported changes in the distribution and availability of critical elk 

habitat components in the Clearwater Basin. In particular, they indicated that elk population 

declines were associated with declines in early-seral shrublands and the subsequent limiting 

effects of summer-autumn nutrition. They tied these habitat changes to natural succession and 

anthropogenic land conversion. The resultant habitat loss and fragmentation have the potential to 

affect already declining elk populations. As indicated in both population numbers and low calf to 

cow ratios in Clearwater Basin elk populations as compared to stable or increasing populations 

elsewhere in the state. For example, calf:cow ratios in other Idaho GMU’s south of the study area 

are typically higher and more stable (Sawtooth GMU (38:100 in 2013), Wieser River GMU 

(25:100 in 2013, 29:100 in 2007) (IDFG 2014), whereas average calf:cow ratios in Clearwater 

Basin elk are less than 20:100 in recent years. Populations that are in decline are more vulnerable 

to the negative effects of habitat loss than populations that are more stable (Berger 1990, Reed 

and Hobbs 2004).  

  Therefore, this study’s primary objective was to examine the summer-autumn habitat 

selection of elk in the Clearwater Basin in order to assess the impact of changes in critical habitat 

components during a critical season. A secondary objective was to provide baseline information 
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and data structure for future study and management of these populations. Although populations 

were once robust in all four areas, two of the four populations (Craig Mountain and Northfork) 

are in decline. Declines in the Craig Mountain and Northfork populations, may be due to of a 

loss of shrub and grassland habitat due to invasive weed incursion in the former, and natural 

succession in the latter.  

4.1. VEGETATION VALIDATION 

   In order to use National Land Cover Data (NLCD) to describe the cover type and forest 

cover components, I first needed to determine the accuracy of these landcover datasets.  Due to 

the large number of pixels in the NLCD classified image representing the four study areas, and 

the time required to collect data in rough and varied terrain, I could obtain ground-truth data for 

only a small portion of the study area. The more complex NLCD classification scheme, for 

example pasture/hay and cultivated crops, as opposed to simply agricultural, would have 

required excessive ground-truth data to correctly categorize and validate. I found that by 

combing similar classes in the classification scheme into simpler habitat cover categories (i.e., 

forest, shrub, herbaceous, and agricultural) I obtained acceptable results from the ground-truth 

data I was able to obtain. In addition, these categories were able to appropriately represent broad- 

scale habitat components that are important to elk. By combining similar classes, I consistently 

obtained accuracy rates of over 80% in both vegetation type and cover. These rates were 

comparable to other studies that conducted NLCD land cover accuracy assessments from 

agricultural areas in Kansas to the boreal regions of Alaska (Wardlow and Egbert 2003, Barrett 

and Gray 2011). 

4.2. HABITAT SELECTION 

  I examined the relative importance of habitat variables to individual cow elk (objective 
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2), studied how the elk selection of habitat characteristics differed among the four populations 

(objective 3), and examined how summer-fall distribution patterns related to habitat variables 

within the four populations in the Clearwater Basin (objective 4).  

Importance of Shrub Cover 

  In general, populations selected for similar habitat components. The populations also 

selected for habitat cover type and topographic features similar to results reported from other elk 

population studies. For example, Clearwater Basin elk show positive associations with shrub 

habitats, which have been found to be an important forage cover type for elk in other studies, 

with a relative variable importance of 81.1%. This habitat component was important for cow elk 

from the Lochsa herd, which resides near the Northfork study area (Unsworth et al. 1998) and 

the Hanford elk herd in the shrub-steppe of south-central Washington (McCorquodale et al. 

1986). These two populations occupy different forms of shrubland habitat: in the Lochsa area 

shrubland takes the form of early-seral shrub habitat or clearcuts with grass-forb understories, 

whereas, in the Handford area shrubland takes the form of sagebrush-steppe or riparian areas. 

Yet this relationship with shrub habitat is conserved between the two distinct landscapes. This 

positive relationship with shrub habitat appears to be important for Clearwater Basin elk 

populations because their recent decline has coincided with a loss of early-seral shrub habitat 

(Cook et al. 2012).   

  The Southfork elk population showed less selection for shrub habitat than the other 

populations; I attribute this, at least in part, to the incursion of invasive rose species, dog rose 

(Rosa canina) and sweetbriar rose (Rosa rubiginosa), that I documented during field work in the 

Southfork River drainage. Additionally, the Natural Resource Conservation Service (NRCS 

2014) has documented the spread of invasive blackberry species, Himalayan blackberry (Rubus 
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armeniacus) and cutleaf blackberry (Rubus laciniatus), to the area. Astringency and tannin 

content were shown to be high in trailing blackberry (Rubus ursinus) in a study of forage quality 

for the western Oregon Roosevelt elk (Cervus elephus roosevelti) herd (Friesen 1991). 

Himalayan, cutleaf and trailing blackberry are closely related and may have a similar chemical 

makeup. Although these invasive shrub species were characterized as shrub habitat in the 

analysis, they do not necessarily provide the same forage value as other, more palatable, shrub 

vegetation such as serviceberry and redstem ceanothus (Alldredge et al. 2002).  

Importance of Forest Cover 

  Elk require a juxtaposition of both forage and cover (Thomas et al. 1979). Although 

dense forest provides cover, it also results in a decrease in forage value due to the shading effects 

of canopy which limit understory plant growth. Elk have often been found to select foraging 

locations near forested edges (Mysteryd and Ostbye 1999), as was the case in this study. Elk 

selected for forested areas, with a relative variable importance of 92.4%. However, they had a 

negative relationship with high forest cover, and no selection for low cover areas, which 

indicates that elk selected for moderately dense canopy forested areas. A positive association 

with forest cover has been shown in elk herds from the Mount St. Helens blast zone (Merrill 

1991) and the cedar- hemlock zone in northern Idaho (Irwin and Peek 1983). This association 

can be related to high summer temperatures causing elk to seek cooler forested sites, 2014 was a 

particularly hot and dry summer. Cook et al. (1998) found that elk in dense cover required less 

water than those in less protected areas. In addition to thermal protection, elk may use moderate 

forest cover as hiding cover (Mysteryd and Ostbye 1999).  The calf-status of the collared cow elk 

in the CBC study was not known, but it is feasible that the elk with calves may have used 

forested areas to protect their young from predators (Thomas et al. 1979). It is also important to 
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note that since deciduous and coniferous forested areas were combined in this analysis; detailed 

analysis of the specific forest type selected by elk would be necessary to fully evaluate the effect 

of forest type on elk habitat selection. 

Elevation Effect 

  I found that elk selected for moderate to high elevation areas during summer-autumn 

period of study. The negative habitat selection association of the topographic position variables 

valley and midslope, with high relative variable importance (84.9% and 66.0%, respectively) was 

indicative of a positive relationship with the ridge topographic position. Higher elevations tend to 

stay cooler and the forage is greener due to the slow recession of the snow line throughout the 

early summer (Beck et al. 2013).  Some research has speculated that ungulate movements to 

higher elevations, where breezes are more prevalent, may be as much related to avoiding 

harassment from biting flies as for searching out higher quality forage (Downes et al. 1986, 

Horne et al. 2008). Elk tend to forage horizontally, contouring along slopes, as opposed to 

foraging vertically down to valleys. Fortin et al. (2005) associated with the energy costs of 

traveling up and down steep topography.  

Relationship with NDVI 

  There are many variables capable of influencing the habitat use and selection of elk; 

some of which have varying levels of effect dependent on scale or timing of a study. One of the 

variables measured in this study required a multifaceted interpretation of its relationship with the 

patterns of resource selection. NDVI provides a measure of vegetation greenness. High NDVI 

values correspond to dense vegetation such as forest canopies. The high forested NDVI values 

that relate to canopy cover are not typically available as a forage source for elk. To identify the 

selection of NDVI values where forest is absent, I use the inverse of the forest component in the 
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interaction term, i.e., NDVI* (1- forest). The mean selection coefficients indicated no selection 

of the NDVI*forest covariate. The probability ratios for NDVI out of forest was 1.01 and NDVI 

in forest was 1.00, which indicates that elk were slightly more likely to occur in high NDVI 

outside of forested areas (Table 10). In this analysis elk did not seem to be substantially affected 

by NDVI within or outside of forests. Logically, NDVI is a likely predictor for suitable elk 

habitat. NDVI*forest was an important predicator variables of those included in this analysis; it 

occurred in 71.1% of the individuals top models. However, the period of June 15th – September 

15th spans a large amount of phenological variation of plants in the diet of elk. Summer 

landscapes are typically nutrition rich in June through mid-July, and then become increasingly 

nutrition poor by late July through September.  Habitat selection patterns may change 

dramatically across this June through September time period (Coe et al. 2011). Additional 

analysis may find very different habitat selection results, for NDVI in particular, if analyzed 

within more narrow time periods (e.g., early summer versus late summer/autumn).   

4.3. MANAGEMENT IMPLICATIONS 

  Landscape-level changes in habitat quality appear to be partially responsible for the 

declining productivity of elk in the Clearwater Basin. From a management perspective, the 

importance of shrub habitat to elk provides an opportunity to improve habitat conditions though 

timber harvest or prescribed burning.  Elk also selected for areas with forest cover; however, 

large areas of forest may not be important. Robinson (1960) found that small patches of cover 

adequately provided protection from heat stress in ungulates. Cook et al. (1998) considered 

forest cover even less important, urging biologists to focus efforts on providing adequate forage 

conditions because high thermal cover did not enhance the condition of captive cow elk in their 

study. Based on this analysis, elk populations would be enhanced by converting areas of 
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contiguous forest cover to a diversity of seral communities, in particular palatable native early-

seral shrubs with adjacent forest stands. 

Roads, Timber Harvest, and Fire 

  The variables primary and secondary roads, timber harvest and fire were not included in 

this analysis because their effect on elk habitat selection was not as significant as the forage, 

cover, and topographic variables among all individual elk. However, I cannot discount the effect 

of these covariates. With regard to roads, several studies have indicated that elk avoid the less 

predictable and diverse forms of motorized traffic that occur on public roads (e.g., Rowland et al. 

2004, Wisdom et al. 2005). This is in contrast to a 1989-1996 study on the Starkey Experimental 

Forest and Range in northeast Oregon which found that elk did not avoid the mainline timber 

harvest roads. The Starkey study area was closed to the public, and it is possible that elk became 

habituated to the predictable, consistent log-truck traffic (Wisdom et al. 2005). 

   I used only recent fire and timber harvest occurrences (2011-2014) in this analysis. This 

four year time period most likely captured only the immediate but short-term (one-three year) 

decline in forage availability that timber harvest and wildland fires are likely to cause. Increases 

in forage may not occur until four years post-harvest or fire (Wisdom et al. 2005). The effects of 

roads, timber harvest and fires are likely important, however, the importance of forage appears to 

outweigh these possible disturbances. The apparent lack of substantial disturbance from these 

activities supports the implementation of timber harvest and prescribed fire activities for the 

creation of improved forage opportunities. 

Future Studies 

  Managers of the Clearwater Basin elk populations should continue to be vigilant in 

monitoring environmental changes and anthropogenic activities that may affect population 
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demographics (e.g., reproduction, predation, immigration). Climate models predict an earlier and 

shorter duration of green-up coincident with warmer spring–summer temperatures and reduced 

spring precipitation in this area (Ault et al. 2014). This is consistent with observations of an 

unusually severe drought in the region, which may cause additional pressure to elk populations 

in these areas. Further analysis should be conducted at a finer-scale (individual movement paths) 

and during multiple seasons to evaluate the multi-scale, temporally dependent effect of variables 

used in this analysis. Future research should include creation and monitoring of early-seral shrub 

habitat, with emphasis on palatable native shrubs with low tannin content, to test whether 

improved forage opportunities will lead to increases in elk populations.  
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Table 1.  Summary of collar type statistics by elk population for the Clearwater Basin of North-

central Idaho during December 2013 through April 2014. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Population Sampling Dates # Vectronic # Lotek # Store-on-

board 

Craig Mountain  DEC 18, 19 2013  18   

 APR  8, 2014   3  

     

South Fork  JAN  3,4, 2014  17  

 APR  9, 2014 3   

     

Dworshak   DEC  20, 2013  11   

 JAN   2 , 2014  8   

 APR  10,  2014   3  

     

Northfork OCT 13, 2013   19 

     

Total 40 23 19 
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Table 2.  Summary of capture statistics by population in the Clearwater Basin of North-central 

Idaho during December 2013 through April 2014. 

_____________________________________________________________________________________ 

Population               Sampling Dates         New Animals Recaptures Total Captured  

_____________________________________________________________________________________ 

Craig Mountain  DEC 18, 19, 2013 18 0 18 

  APR 8, 2014 3 6 9 

   

South Fork  JAN   3, 4, 2014 17 0 17 

  APR 9, 2014 3 6 9  

 

Dworshak  DEC   20, 2013 11 0 11 

  JAN   2, 2014 8 0 8 

  APR 10, 2014 3 5 8 

  

Northfork  OCT 13, 2013 19 0 19 

 

   Total unique animals: 82 

   Total capture events: 99 
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Table 3. Number of elk with fix rates (FR, the number of successful detections by a radio collar 

vs. the possible number of detections) ≥0.65 and ≥0.90, as well as the mean fix rate and number 

of detections (at the ≥0.65 fix rate) for each of the four Clearwater Basin elk populations in 

North-central Idaho.  
 

Population # Elk  

(FR≥0.65) 

# Elk  

(FR≥0.90) 

Mean Fix Rate # Detections 

(FR≥0.65) 

Craig Mountain 18 9 88.4% (range 72.8 – 97.8%) 1,572 

Southfork 8 2 85.9% (range 76.1 – 94.6%) 680 

Dworshak 18 1 79.8% (range 68.5 – 92.4%) 1,429 

Northfork 9 9 99.0% (range 91.3 – 100%) 874 

Total 53 21 88.3% (range 68.5 – 100%) 4,555 
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Table 4. Habitat attributes and distance classes for habitat selection analysis of elk in the 

Clearwater Basin of North-central Idaho. 

# Habitat Attribute 
Distance (m) or 

attribute class 
Collection Method 

 

Resolution 

(m) 

1 
Aspect at elk 

detection (4 classes) 

North (315-0˚, 0-45˚) 

East(45-135˚) 

South (135-225˚) 

West (225-315˚) 

USGS and ISU digital elevation 

model (2013) 
30 x 30 

2 
Topographic Position 

Index (3 classes) 

Valley 

Midslope 

Ridge 

USGS and ISU digital elevation 

model (2013), derived with 

Land Facet Corridor Designer 

360 x 360 

3 

Primary roads: 

distance to paved 

roads 

Distance to (km) 

TIGER/Line Shapefiles (2014), 

updated  with Forest Service 

and Potlatch Co. 

Line 

4 

Secondary roads: 

distance to gravel 

roads 

Distance to (km) 

TIGER/Line Shapefiles (2014), 

updated  with Forest Service 

and Potlatch Co. 

Line 

5 
NDVI at elk 

detection (3 classes) 

Low: >0.1 

Moderate: 0.2-0.5 

High: 0.6-0.9 

eModis (direct download) 250 x 250 

6 

Forest: either 1 for 

present, or 0 for 

absent 

0=absent 

1=present 

National Land Cover Data 

(2011), validated by ground 

truthing 

30 x 30 

7 

Shrub: either 1 for 

present, or 0 for 

absent 

0=absent 

1=present 

National Land Cover Data 

(2011), validated by ground 

truthing 

30 x 30 

8 

Herbaceous: either 1 

for present, or 0 for 

absent 

0=absent 

1=present 

National Land Cover Data 

(2011), validated by ground 

truthing 

30 x 30 

9 

Agriculture: either 1 

for present, or 0 for 

absent 

0=absent 

1=present 

National Land Cover Data 

(2011), validated by ground 

truthing 

30 x 30 

10 
High Forest Cover: 

60-100% cover 

0=absent 

1=present 

National Land Cover Tree 

Canopy Data (2011), validated 

by ground truthing 

30 x 30 

11 
Moderate Forest 

Cover: 25-59% cover 

0=absent 

1=present 

National Land Cover Tree 

Canopy Data (2011), validated 

by ground truthing 

30 x 30 

12 
Low Forest Cover: 0-

24% cover 

0=absent 

1=present 

National Land Cover Tree 

Canopy Data (2011), validated 

by ground truthing 

30 x 30 

13 
Timber Harvest and 

Fire Boundaries 

0=absent 

1=present 

Forest Service, State Forestry, 

and Potlatch Co. Shapefiles 
Line 
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Table 5. Percent of elk whose univariate model (model including a particular covariate) had an 

AIC score that was substantially better than the Null model AIC score (Percent). N= number of 

elk with an AIC score ≥ 5 AIC units relative to the Null model for each covariate 

(ΣN=53). Shaded rows denote covariates that were kept for further modeling with a percentage > 

20% (Table 5). 

 Model w(x) Percent N 

1 Null: bivariate normal distribution  0% 0 

2 North 𝛽1 × north 13% 7 

3 West 𝛽1 × west 13% 7 

4 South 𝛽1 × south 13% 7 

5 East 𝛽1 × east 6% 3 

6 Topographic Position Index: midslope 𝛽1 × TPImidslope 30% 16 

7 Topographic Position Index: valley 𝛽1 × TPIvalley 36% 19 

9 Primary roads 𝛽1 × prim_roads 0% 0 

10 Secondary roads 𝛽1 × sec_roads 0% 0 

11 NDVI 𝛽1 × NDVI 28% 15 

12 Forest 𝛽1 × forest 24% 13 

13 Shrub 𝛽1 × shrub 24% 13 

14 Herbaceous and agriculture 𝛽1 × herb_ag 9% 5 

15 Low forest cover 𝛽1 × lowcover 23% 12 

16 Moderate forest cover 𝛽1 × modcover 13% 7 

17 High forest cover 𝛽1 × highcover 34% 18 

18 Fire and timber harvest 𝛽1 × fire_harvest 17% 9 
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Table 6. Candidate models for analyzing habitat selection of 53 elk in the Clearwater Basin of 

North-central Idaho. Models were developed based on ecological theory. 

# Model 

0 Null: bivariate normal distribution 

1 NDVI*Forest, forest, NDVI 

2 NDVI*Forest, forest, highcover, NDVI 

3 NDVI*Forest, midslope, forest, NDVI 

4 NDVI*Forest, valley, forest, NDVI 

5 NDVI*Forest, midslope, valley, forest, NDVI 

6 NDVI*Forest, midslope, forest, highcover, NDVI 

7 NDVI*Forest, midslope, valley, forest, highcover, NDVI 

8 midslope, valley, forest, 

9 midslope, valley, forest, highcover 

10 midslope, shrub, lowcover 

11 valley , shrub, lowcover 

12 valley, shrub, highcover 

13 midslope, shrub, highcover 

14 midslope, valley, shrub, highcover 

15 midslope, valley, shrub, lowcover 
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Table 7. Relative variable importance calculated from the top candidate models (ΔAIC ≤ 2) of 

habitat selection in individual elk in the Clearwater Basin of North-central Idaho. N = the 

number of elk with a variable in at least 1 of their top models. Rank= ranking of high to low 

relative variable importance. Percent= number of elk with variable in one of their best models 

divided by the total number of elk (53). 

Variable N Rank Percent 

Topographic Position Index: midslope 35 6 0.66 

Topographic Position Index: valley 45 2 0.85 

NDVI+NDVI*forest 38 5 0.72 

Forest 49 1 0.92 

Shrub 43 3 0.81 

Low forest cover 41 4 0.77 

High forest cover 23 7 0.43 
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Table 8. MANOVA test results of difference in mean weighted selection coefficients between 

the four populations of elk in the Clearwater Basin of North-central Idaho. 

Model Df Pillai’s Trace F value P value 

Covariates ~ Populations 49 0.43 0.93 0.56 
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Figure 14. Northfork habitat suitability index for elk indicating the relatively high or low habitat 

suitability and the cumulative probability of habitat use for the Northfork elk population in 

North-central Idaho. 
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Figure 15. Habitat suitability index values for elk detections in each of the four populations in 

summer (July 20 – 26, 2014) and autumn (Sept. 7 – 13, 2014) in the Clearwater Basin of North-

central Idaho. 
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Figure 16. Habitat suitability values for all four study area extents in summer (July 20 – 26, 

2014) (top) as compared to habitat suitability values for all four study area extents in autumn 

(Sept. 7 – 13, 2014) (bottom) in the Clearwater Basin of North-central Idaho 
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Appendix 1. Example R code developed by K. Magori to associate elk locations for a temporally 

varying habitat variable (NDVI) as well as other time invariant variables. 

 

#load packages 

library(rgdal) 

library(raster) 

library(sp)  

library(rgeos) 

library(lubridate) 

#define projection for all files from existing raster 

NDVI_temp=raster("NDVI_2014/NDVI_007_013_IDTM.img") 

stateplaneproj=crs(NDVI_temp) 

#load point locations 

InputLocations = read.csv("AllLocations.csv", head = T) 

#format date/time 

InputLocations$DateTime=format(Dates,format="%m/%d/%Y %H:%M") 

#Bind x,y locations and project 

Animals=SpatialPoints(cbind(InputLocations$X,InputLocations$Y)) 

proj4string(Animals)=proj4string(NDVI_temp) 

#get a week number for each animal from only one year 

NewDates=as.POSIXct(as.character(InputLocations$DateTime),format="%m/%d/%Y") 

InputLocations$start_date=as.numeric(format(floor_date(NewDates,"week"),"%j"))+2 

InputLocations$year=format(NewDates,"%Y") 

InputLocations=InputLocations[which(InputLocations$year=="2014"),] 

#choose which weeks to include in the analysis 

InputLocations = InputLocations [which(InputLocations$start_date >= 168 & 

InputLocations$start_date <= 259),] 

#call NDVI image by file name (weekly NDVI files are separated by 6 days) 

InputLocations$NDVI_filename=""; 

InputLocations$NDVI=NULL; 

  GetNDVI_filename<-function(x){ 

   number1=as.character(InputLocations$start_date[x]) 

  if (nchar(number1)==1) number1=paste("00",number1,sep="") 

  if (nchar(number1)==2) number1=paste("0",number1,sep="") 

  newdate=InputLocations$start_date[x]+6; 

  if (newdate>365) newdate=newdate-365;number2=as.character(newdate) 

  if (nchar(number2)==1) number2=paste("00",number2,sep="") 

   if (nchar(number2)==2) number2=paste("0",number2,sep="") 

paste("NDVI_",InputLocations$year[x],"/NDVI_",number1,"_",number2,"_IDTM.img",sep="")

} 
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