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ABSTRACT 
We examined kill site habitat characteristics of sympatric wolves (Canis lupus) and 

cougars (Puma concolor) in the southern Yellowstone ecosystem. We tracked radio-

collared wolves and cougars to locate and describe kill sites from December 1999-May 

2006.  Using computer mapping techniques, we: 1) identified kill site characteristics (elk 

density, vegetation cover type, distance to waterways, slope, aspect, elevation, and terrain 

roughness) associated with wolf and cougar kill sites; 2) compared and contrasted 

characteristics between wolf and cougar kill sites; and 3) compared and contrasted winter 

versus spring kill site characteristics.  Analysis indicated wolf kill sites were not 

randomly selected; cougar kill sites generally did not differ from random sites.  Wolf kills 

occurred on less steep slopes in more open areas, and in areas with mid to high elk 

density.  Cougar kill sites were characterized by rougher terrain and greater canopy cover 

and appear unaffected by elk density.  We concluded that variation in kill site habitat 

likely stems from differences in hunting techniques.   

 
 

INTRODUCTION 

Wolves and cougars are becoming re-established in much of their former ranges in the 

American West.  Understanding the ecological interactions of wolves and cougars in the 

Greater Yellowstone Ecosystem (GYE) may provide insight into their ecological roles, 

the predator-prey dynamics of the system, and the long-term management and 

conservation of these carnivores. 

 

In the early 1900�s, perceived as a threat to wild ungulate populations and domestic 

livestock, predators were poisoned, shot, and trapped in a variety of systematically 

conducted eradication programs.  The western movement of humans in the late 1800�s 

brought about dramatic reductions of elk (Cervus elaphus), deer (Odocoileus spp.), and 

bison (Bison bison) populations (McIntyre 1995), replacing wild ungulates with domestic 
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livestock.   Declining prey populations and increasing abundance of livestock fostered 

increasing predator-livestock conflicts.  However, even in remote areas, far from 

livestock, wolves were heavily persecuted (McIntyre 1995).  By the 1930�s wolves were 

extirpated from nearly all of the contiguous United States; Minnesota remained the only 

state with a remnant population of wolves.  Cougar populations in the West were also 

significantly reduced as a result of predator eradication efforts, and they were 

exterminated in most regions east of the Mississippi.  

 

Attitudes toward predators began to shift in the late 1960�s as the scientific community 

and the environmental movement emphasized the important role predation may play in 

maintaining healthy ecosystems (McIntyre 1995; Mech 1995; Ripple and Beschta 2003, 

2004a and 2004b).  Cougar bounties were eliminated in most western states during this 

time (Riley et al. 2004); cougar populations have rebounded since the 1970�s as a result 

of changes in state management practices and increased prey populations (Berger et al. 

2001; Bunnell et al. 2002). Idaho Fish and Game Department personnel conservatively 

estimate the cougar population in Idaho to be around two thousand (S. Nadeau, personal 

communication); estimates from Wyoming and Montana are not available.  While cougar 

populations recovered under more protective management approaches, wolf recovery 

required federally mandated actions following the listing of the wolf as endangered under 

the Endangered Species Act (ESA) of 1973 (Clark et al 1994).  As part of the ESA 

directive, a recovery plan was developed to restore wolves to the northern Rocky 

Mountain region of the U.S. (USFWS 1987).  By the mid 1980�s wolves began 

recolonizing northwestern Montana by natural dispersal from Canada; however, low 
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survival rates and lack of reproduction prevented the wolves from establishing viable 

populations further south and west into Idaho and Wyoming (Ream et al. 1991).  In 1995 

and 1996, the United States Fish and Wildlife Service (USFWS) released 35 wolves from 

Canada into central Idaho and 31 wolves into Yellowstone National Park (YNP) (Bangs 

and Fritts 1996). In 2006, an estimated total of 1020 wolves occupied Idaho, Montana 

and Wyoming (US Fish and Wildlife Service et al. 2005).   

 

Wolves and cougars are considered �habitat generalists� occupying a wide variety of 

terrain and vegetative types (Mladenoff et al 1995; Wydeven et al. 2001; Parsons 2003).  

However, significant habitat preference for travel routes and kill sites has been 

documented for both wolves and cougars (Kunkel and Pletscher 2001; Husseman et al. 

2003; Kunkel et al. 2004).  While wolf populations have been shown to decline above a 

threshold for mean road density (approximately 0.6 km/km2) (Thiel 1985; Jensen et al. 

1986; Mech et al. 1988; Mech 1989; Wydeven et al. 2001), Mladenoff et al. (1995) 

contend that roads were generally not a major hindrance to wolves.  Roads increase 

human access and typically increase wolf mortality (Mladenoff et al. 1995; Paquet et al. 

1997; Wydeven et al. 2000).  Dickson and Beier (2002) found proximity to roads has 

been shown to affect cougar movements and home ranges, as density of roads was lower 

within cougar home ranges than within their study area.  In general, as distance to paved 

roads increase, so does cougars� use of areas (Van Dyke et al. 1986; Sweanor et al. 2000; 

Dickson and Beier 2002).  Type of vegetation seems insignificant; still, cougars do 

indicate a preference for areas of heavier cover (Busch 1996).  
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Differing prey response behavior (e.g., running, tree climbing) and mode of predation 

(e.g., land vs. flight and pursuit vs. ambush) influence the ideal habitat characteristics for 

predation (Kruuk 1968; Walker and Craighead 1997).  Typically, ambush predators 

depend on prey moving within close proximity for chance encounters, while coursing 

predators hunt by pursuit and range widely to find potential prey (Kruuk 1968; Greene 

1986).  Wolves are group hunting, coursing predators often relying on pursuit of 

disadvantaged animals over open terrain (Estes and Goddard 1967; Mech 1970).  As 

longer chases often ensue, the kill site location is dependent not only on habitat 

characteristics, but also on flight behavior (Husseman et al. 2003).  Thus, habitat 

characteristics of the actual kill site could be different from the habitat at the origin of the 

chase.  Kunkel and Pletscher (2001) suggest wolves prefer areas with significant cover, 

which presumably enhances their ability to remain undetected while approaching prey.  

Kunkel (1997) found that as cover increased, wolves and cougars killed more deer, 

possibly due to a decreased chance of the predator being detected by their prey.  Other 

research indicated the element of surprise was not a significant factor for predation 

success for canids (Wells and Bekoff 1982; Murray et al. 1995).  Cougars, on the other 

hand, are solitary hunters depending on hiding cover to ambush their prey (Kruuk 1968; 

Kunkel et al. 1999; Husseman et al. 2003).  Cougars tend to favor steep terrain (Busch 

1996), heavy cover in conifer (Williams et al. 1995) and riparian vegetation types (Busch 

1996; Dickson and Beier 2002).  They also tend to avoid developed landscapes and 

grasslands (Dickson and Beier 2002).  
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Concurrent wolf and cougar research in northwestern Wyoming offered an opportunity to 

compare a variety of behavioral and ecological characteristics of these two species. 

Jimenez et al. (2005) examined prey selection of wolves and the behavioral response of 

elk to the presence of wolves in the Gros Ventre, Buffalo Fork, and Snake River 

drainages.  Simultaneously, cougar habitat use, prey selection, and demographics were 

being examined in the same study area (Teton Cougar Project 2004).  The purpose of our 

research was to determine how habitat characteristics and topography define kill sites for 

each species in this area.  We described and compared habitat characteristics of wolf and 

cougar kill sites to determine how kill sites differ between wolves and cougars, how kill 

sites vary from typical elk habitat, and how kill site location and characteristics vary 

seasonally.  

 

We tested the hypothesis that due to different hunting strategies and prey target, kill sites 

differ between species.  We predicted that i) habitat characteristics of wolf and cougar 

kill sites differ; ii) habitat factors associated with kill sites vary seasonally for wolves and 

cougars; and iii) wolf and cougar kill sites are associated with habitat factors that enhance 

hunting success based on their hunting strategies.  

 

METHODS 

To acknowledge the many collaborators on this project, I used the pronoun �we� when 

appropriate.  I take responsibility for any errors in the data analysis and writing of this 

thesis.   

 



 6 

 Study area 

The study area encompassed approximately 2,300 km2 defined by the Teton Range to the 

west, the Gros Ventre Range to the east, the Teton Wilderness area to the north and 

Cache Creek drainage to the south (Figure 1).  Lands within the study were mostly public 

and were administered by the US Forest Service (Bridger-Teton National Forest) and 

National Park Service (Grand Teton National Park), although some of the area was 

privately owned.  An extensive system of US Forest Service roads (mostly unimproved 

roads) and snowmobile trails existed throughout the study area.  Rugged mountains, 

ridges, deep drainages and open sage flats characterized the area.  Elevations ranged from 

approximately 1,800 m to approximately 3,600 m.  Typically snow began to accumulate 

in October and melted by early May to late June, depending on the elevation.  Average 

snowfall in the area was 490 cm and average rainfall was 26 cm.  Low elevations were 

dominated by sagebrush (Artemisia spp.) with smaller amounts of riparian cottonwood 

forests (Populus angustifolia) and willow (Salix spp.); mid-elevations were generally 

forested consisting mainly of lodgepole pine (Pinus contorta), Douglas fir (Pseodotsuga 

menziesii), and aspen (Populus tremuloides), while Engelmann spruce (Picea 

engelmannii) and subalpine fir (Abies lasiocarpa) dominated the higher elevations.  

Primary prey species for wolves and cougars in the area were elk, mule deer, and moose 

(Alces alces), with the addition of bison (Bison bison) for wolves, and bighorn sheep 

(Ovis canadensis) and pronghorn (Antilocarpa americana) for cougars. The Wyoming 

Game and Fish Department managed three winter feedgrounds for elk in the Gros Ventre 

River drainage.  The 2004 winter population of the Jackson elk herd was estimated at 

13,500 head (Dean et al. 2004).  
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Wolf and cougar locations 

We tracked and located radio-collared wolves and cougars using radio-telemetry.  In the 

summer, we captured wolves using #7 McBride traps (Alpine, Texas) set along trails and 

roads frequented by wolves and also at livestock depredation sites (Mech 1974; Ream et 

al. 1991).  Immobilization and radio collaring techniques followed Mech (1974), Ream et 

al. (1991) and Kreeger (2002).  Collars were either VHF mortality sensing MOD500 or 

Global Positioning System (GPS) Gen-III Model # TGW-3590 collars (Telonics, Mesa, 

Arizona).  In winter, wolves were darted from a helicopter following protocols referenced 

above and Ballard et al. (1991).  We helicopter darted and fitted two wolves with GPS 

collars, one in March 2005 and another in April 2006.  The first wolf GPS collar was 

programmed to take a fix once every 6 hours from deployment 18 March 2005 until 1 

October 2005 when fixes switched to every hour.  The locations from the GPS collar 

were remotely downloaded via air once every 7-14 days depending on the weather.  Due 

to the infrequent fixes, we searched most point locations for possible kill sites avoiding 

den sites and rendezvous sites still in use.  The second GPS collar attempted to take a fix 

once daily from 15th April to 14th May, and beginning 15th May, a fix was attempted 

every half hour.  Clusters were defined as two or more points within 200m of each other 

in a 24-hour period (Sand et al. 2005) and were searched as described above. 
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Figure 1. Greater Jackson, Wyoming study area 



 9 

We captured cougars from November to April each year depending on snow conditions 

generally following methods developed by Quigley (1997), Murphy (1998), and Ruth 

(2000).  Cougar handling protocols followed Hornocker Wildlife Institute guidelines 

(Quigley 1997) and Kreeger (2002).  Cougar radio collars were either Telonics (Mesa, 

Arizona) VHF models MOD500, MOD400, MOD150 or MOD250, or GPS 1D Tellus 

(Telemetry Solutions, Sweden).  Six downloadable GPS collars were deployed on 

cougars:  winter 2005 (3 females, 1 male) and winter 2006 (2 females).  These collars 

were programmed to acquire and store locations 6 times daily.  Cougar collars were 

downloaded from the ground every 7-10 days and clusters of 2 locations or more within 

150 m of each other during a 24-hour period were searched for possible kill sites. 

 

We located radio-collared wolves and cougars from the air in fixed-wing aircraft and 

from the ground using roads and accessible trails when possible.  Aerial locations were 

obtained using methods described by Mech (1983) and recorded in Universal Transverse 

Mercator coordinates (NAD27); ground locations were obtained using triangulation from 

at least 3 bearings (Heezen and Tester 1967; White and Garrott 1990).  The accuracy of 

both aerial and ground locations was tested using radio-collars placed in known locations. 

 

Prey availability 

Radio-collared elk (mean: 60 ± 7 std dev.) were aerially located 1-2 times per month 

depending on weather.  These data were collected cooperatively by the USFWS, Grand 

Teton National Park, and Wyoming Game and Fish Department.  Additionally, in early 

February, Wyoming Game and Fish Department conducted aerial elk population surveys 
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to determine age/sex structure and elk population size.  All elk herd locations were 

recorded using a GPS.  We used the ArcGIS Home Range Tool Kernel Analysis (ESRI, 

Redlands, CA) to assess elk distribution by modeling the 99% fixed kernel utilization 

distribution (UD) of elk telemetry locations delineated by season: winter (1 December � 

31 March), and spring (1 April � 31 May) (winter: standardization: unit variance; spring: 

standardization: unit variance).  We varied the smoothing factor using percentages of href 

until they accurately fit the data.  Elk distribution data were pooled across all years.  We 

defined areas of prey (elk) availability�low, low-mid, mid, mid-high, and high�based 

on these UDs.   For elk locations, we used available GIS layers to determine average 

elevation, slope, aspect, canopy cover, vegetation type, distance to nearest water (lakes, 

rivers, streams, ponds) and terrain roughness for each season.  

 

Kill site location and assessment 

Winter 

Carcasses of ungulates killed by wolves and cougars were located using ground and 

aerial telemetry, downloaded GPS locations, and backtracking on skis or snowshoes.  We 

investigated wolf-killed carcasses as soon as the wolves left the immediate area.  Fresh 

kills (<12 hours) still containing large amounts of meat were left alone and returned to 

the following day to minimize disturbance and allow the wolves to resume consumption 

of the carcass.  Non-GPS collared cougars that remained in the same location for 2-3 

consecutive days were suspected to be on a kill.  At this point, �close locations� were 

obtained using three azimuths from approximately 300 m from the study animal; every 

effort was made to assure the study animal was not disturbed.  When the cougar left the 
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area, the �close location� data defined the search area to determine if a kill was made.  

We thoroughly searched all wolf and cougar kill sites and the surrounding area for tracks, 

bed sites, cache sites (cougars), scats, toilets (cougars), and other indications of carnivore 

presence, as well as for rumen, bones and other carcass remains that may have been 

scattered.  When possible, we skinned each carcass to examine for trauma, including 

hemorrhaging on the inside of the hide and tooth punctures.  We searched for additional 

evidence of wolf and cougar kills, including signs of a chase or struggle via tracks and a 

blood/hair trail.  Blood in the snow under and around the carcass was assessed and 

recorded.  By examining the site around the carcass, the carcass and the hide, predator-

killed carcasses were distinguished from scavenged carcasses (Wade and Brown 1982; 

Acorn and Dorrance 1990).  Kills were classified as known, probable, possible, or 

scavenged carcass.  Only known and probable kills were used in the analysis.  If the 

carcass had been moved, location of rumen or copious blood in the snow determined kill 

site.  In the case of cougars, location of cache was used in cases where actual kill site 

could not be determined.  All kill sites were recorded in UTM coordinates using a 

handheld GPS unit.  To reduce bias associated with winter feeding, we excluded kills 

found on the elk feedgrounds and the National Elk Refuge (where elk are fed hay and 

supplemental alfalfa pellets).   

 

Spring 

Assessment of spring kill sites was complicated by the presence of bears.  Following 

safety protocol established by USFWS and Teton Cougar Project (TCP), a minimum of 

two people was present at all kill site investigations.  Spring kill site location assessment 
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for cougars followed the methods described above.  For wolves, however, in the absence 

of snow, we relied solely on GPS locations obtained from the downloadable collars 

whose locations were retrieved weekly.  These locations were plotted on a map and 

clusters of locations were presumed to indicate possible kill sites; these sites were 

searched for evidence of kills as described above.  Potential kill sites determined from 

GPS locations were investigated beginning with the oldest locations to minimize bear 

conflict.   

 

We identified the habitat in which elk were more likely to be killed by a wolf or a cougar 

by modeling the 95% fixed kernel utilization distribution for each species using kill site 

locations.  For wolves in both winter and spring, we used unit variance standardization, 

fixed kernel, and a varying smoothing factor; for cougars, we again used unit variance 

standardization, with a varying smoothing factor in both seasons. 

 

Habitat characterization 

Using ArcGIS (ESRI, Redlands, CA), we built a Geographic Information System (GIS) 

basemap of the study area for terrain analyses and overlaid a prey density map and all kill 

site locations.  The basemap included map layers (30 m pixel minimum) characterizing 

and defining canopy, elevation (from 10 m Digital Elevation Model (DEM) database; all 

1:24,000), lakes and stream courses.  Major vegetation types (70 discrete types; 30 m x 

30 m) are described using the Land Characterization of the Bridger Teton National 

Forest and Surrounding Area (Homer 1998).  We reclassified the vegetation types into 

five general categories (open terrain, conifer, mixed forest, riparian, developed).  We also 
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used the vegetation layer to create a categorical canopy cover layer�0=0-30%, 1= >30-

59%, and 2 ≥ 59%.  We merged 10 m DEM�s from Grand Teton National Park and US 

Geological Survey for Wyoming to create the elevation layer for the study area.  We 

derived slope and aspect data from DEM�s using ArcGIS Spatial Analyst extension 

(ESRI, Redlands, CA); aspect was further classified into north (316o-45o), east (46o -

135o), south (136o -225o), and west (226o -315o).  Terrain roughness was assessed using a 

moving window analysis of a DEM.  We compared the elevation of each 10 m cell to the 

8 surrounding cells; the sum difference is the terrain roughness value for each cell (Riley 

et al. 1999).  Waterway data was derived from the USFS (BTNF 1997).  All layers were 

standardized to 30 m cells.  Additionally, we measured elevation (using a handheld GPS 

unit), slope (compass), aspect (compass), and visually estimated canopy cover as open or 

closed at the kill site for groundtruthing.  We used spatial and attribute queries in ArcGIS 

to get an average value for canopy cover, elevation, slope, aspect, distance to nearest 

waterway, and terrain roughness at all kill sites and random locations.  Within the 50 m 

radius and 1 km radius  (discussed below), majority value was used for canopy cover and 

terrain roughness.  

 
Table 1. Environmental variables and associated units measured at each wolf and cougar 
kill site 
Variable Unit 
Terrain roughness 0-240 index 
Canopy cover % 
Elevation Meters 
Slope Degrees 
Aspect Degrees 
Distance to water Meters 
Elk density Individuals/km2 

 

Statistical analyses 
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Each occurrence of predation had multiple parts (i.e., chase/stalk, attack, kill, consume, 

and cache�for cougars) that may occur at different sites.  Habitat at the site of initial 

prey detection was presumed to be important in the successful predation sequence.  

However, we often could not detect initial point of contact due to long chases or lack of 

sign; thus, we compared habitat at three spatial scales to account for differences in 

variables affecting the likelihood of a kill.  The scales were: 1) actual point of kill; 2) 50 

m: mean distance for ambush of prey by cougar (Ruth and Buotte 2006); and 3) 1 km: 

mean chase distance resulting in a successful kill by wolves (D. MacNulty and D. Smith, 

personal communication).   We refer to the scales as kill sites, kill vicinity (50 m) and kill 

area (1 km).  We assessed use versus available (random) habitat by generating random 

points within the elk utilization distribution using Hawth�s Generate Random Points tool 

(Beyer 2004) (winter: 270 points--twice the number of winter wolf kill sites; spring: 98--

twice the number of cougar kill sites) (J. Kie, personal communication).  Habitat at 

random points was considered available habitat and each random point was assessed in 

the same manner as the kill sites.  All comparisons were done on the same spatial scale 

(e.g., kill sites with a 50 m radius were compared to random points with a 50 m radius).  

Random points are referred to as random site, random vicinity, and random area, 

corresponding to the kill site, kill vicinity, and kill area.    

 

We performed a Correlation and Regression Tree (CART) analysis (Brieman et al. 1984) 

using DTREG (Sherrod 2004) to assess broad-based differences in habitat characteristics 

between wolf kill sites and cougar kill sites.  CART analysis performs a form of binary 

recursive partitioning and builds �trees� for predicting categorical predictor variables 
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(classification) and continuous dependent variables (regression) (Brieman et al. 1984).  

This procedure determined the likelihood a site was a kill made by a wolf or cougar based 

on the input variables.  This analysis identified the most significant variables for 

distinguishing between a wolf and cougar kill.  Seven variables were included in the 

analysis: elk density (categorical: low, low-mid, mid, mid-high, high); canopy cover 

(categorical: 0, 1, 2), roughness (continuous), slope (continuous), aspect (categorical: 

north/south/east/west), elevation (continuous), and distance to water (continuous).  

Distance to water was applicable at only one spatial scale: kill site.  CART �prunes� the 

tree to minimum cross-validated error.  Initially distance to roads was also included in the 

analysis.  However, due to the greater likelihood of detecting and investigating kills 

closer to roads, it was dropped from all analysis to minimize bias. 

 

We computed a correlation matrix for the 7 variables.  Slope and elevation were highly 

correlated, as were canopy and slope.  Terrain roughness was significantly correlated 

with all other variables while aspect was correlated with no other variables.  Due to the 

high levels of correlation between our variables, we used Principal Component Analysis 

(PCA) to condense the variables into composite values using MINITAB (1998).  PCA is 

a widely used multivariate ordination technique, which reduces the information in 

multiple measured variables into a smaller set of uncorrelated components.  Factor 

loadings (the correlations between a variable and a given principle component) describe 

the relationship between the composite variable (principle component) and each 

measured variable. Refer to McCune and Mefford (1999) for additional information on 

PCA.  PCA allowed us to retain much of the information within our environmental 
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variables (between 30-40% in most cases) and ensured that we did not violate the 

multicollinearity assumptions of binary logistic regression.  We conducted separate 

PCA�s at each spatial scale (i.e., kill/random site, kill/random vicinity, and kill/random 

area).  Principal components were retained according to the broken-stick criterion 

(McCune and Mefford 1999).  Retained components were then entered as independent 

variables (i.e., location characteristics) in binary logistic regression models, where 1 

indicated a wolf or cougar kill location and 0 represented a randomly generated location.  

These models were used to determine if wolves and cougars were selecting for specific 

site attributes at kill locations versus randomly generated locations at the three spatial 

scales.  We also used these models to assess differences between wolf and cougar kill 

sites and seasonal kill site differences.  We used MINITAB (1998) for all statistical tests 

α= 0.05.  We computed a Hosmer-Lemeshow statistic to test model goodness-of-fit.  A 

significant (p <0.05) Hosmer-Lemeshow statistic suggests differences between the 

observed and expected frequencies in the groups, and thus, a lack of model fit; a high p-

value is associated with a good fit.  We report Goodman-Kruskal Gamma (GK-G) as a 

measure of the degree of association between models and data.  GKG values range from 

�1 to 1 and are based on the difference between concordant and discordant pairs; a pair of 

values is concordant if the larger x value corresponds to the larger y value and discordant 

if the larger x value has a smaller y value.  By strict definition, a relationship is "perfect" 

if (a) as the independent variable x increases, then the dependent variable y increases (or 

decreases in the case of negative relationships), and (b) if each value of x corresponds to 

only one y value.  Similarly, as y increases, x also increases (or decreases for negative 

relationships), and each y value corresponds to only one x value. An implication is that 
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there are no ties on x and no ties on y.  If GKG is 0.742, it is said that knowing the 

independent variable reduces the error of predicting the dependent variable by 74.2% 

(Sheskin 2003).  

 

Pseudoreplication can result from treating multiple samples from one experimental unit 

as multiple experimental units or from using experimental units that are not statistically 

independent (Hurlbert 1984).  We were aware of the implications this has for our 

research, and we took precautions to avoid bias.  Kill sites from multiple wolf packs and 

individual wolves were assessed.  We used pooled samples from all wolf kill sites and 

additionally compared Teton Pack kill sites to non-Teton Pack kill sites.  We used PCA 

and logistic regression for this analysis. 

 

RESULTS 

Wolf and cougar locations 

A total of 42 wolves and 47 cougars were collared and monitored from 2000-2006.  

Number of radio collared individuals at one time ranged from 3 wolves in 2000 to a high 

of 14 wolves in 2006; number of individual collared cougars ranged from 4 in 2002 to 23 

in 2003. Winter wolf pack size ranged from 2 � 13 individuals. Dispersing individuals 

and mortality caused the number of collared study animals to fluctuate.  During 2005 and 

2006, we monitored 2 groups of dispersing collared wolves consisting of 2-3 animals 

from nearby and resident packs as well as ground-tracking an uncollared pack of >10 

wolves. The first wolf GPS collar successfully recorded 1157 fixes of 1315 fixes 

expected (88%); after only 7 months, the collar was recovered earlier than anticipated.  
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Success rate of the second wolf GPS collar was also 88% recording 3951 fixes of 4483 

fixes expected.  Cougar GPS collars deployed in 2005 were on each cat for 

approximately 10 months; collars from 2006 were still on cats at the end of this study for 

ongoing research.  Average success rate for the cougar GPS collars was 63% (H. 

Quigley, personal communication). 

 

Elk locations 

During the study period, a total of 2,274 elk locations were recorded during winter 

months and 780 in spring.  Elk were most often found in open terrain (52.3%) and conifer 

(22.3%);.  They were significantly less likely to be found in riparian areas (15.4%), 

mixed forest (8.8%), and developed (1.1%).   Elk were twice as likely to be in areas of 

<30% canopy cover (66.4%) than areas of 30-59% canopy cover (31.1%).  Vegetation 

usage was similar in spring: open terrain (50.1%); conifer (24.6%); riparian (13.8%), 

mixed forest (8.1%); and developed (2.7%).   

 

Kills 

A total of 172 wolf kill sites (winter: 135, spring: 37), and 165 cougar kill sites (winter: 

120, spring: 49) were investigated from November 1999 to May 2006.  In winter, wolf 

kills consisted of 95% elk and 5% moose; in spring, wolf kills were composed of 92% elk 

and 8% moose (Jimenez et al. 2006).  Cougar kills were 84% elk, 6% mule deer, 1% 

moose, and 9% other in winter, and 80% elk, 11% moose, and 9% other in spring (H. 

Quigley, personal communication).  

Use vs. available 
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Wolf 

Winter 

The two most often occurring vegetation categories at wolf kill sites were open terrain 

and riparian.  Wolves used open terrain (63.0%) and riparian areas (23.0%) more than 

they were available (31.1% and 10% respectively); conifer (8.1%) was used much less 

than available (42.2%).  At the kill vicinity and kill area, again wolves used open terrain 

(69.4% and 73.7%) more than twice as much as it was available (30.7% and 32.2%), and 

conifer habitat was used (9.9% and 11.8%) less than one quarter of its availability (41.5% 

and 53.3%).  Riparian areas were used (25.6%) more than twice as much as they were 

available (11.1%) within the kill vicinities and equally (6.8%) as often as they were 

available (6.3%) within the kill areas.   

 

In the majority of the principal component analyses, only one principal component was 

retained according to the broken stick criterion.  In some of the analyses, none of the 

principal components were retained; however, we chose to report on them nonetheless. 

For wolves, PC1 was retained according to broken-stick criterion at all three spatial 

scales. Wolf kills were most often in areas of mid-high and high elk density (69.6%; 

Figure 2).  At the kill site, 39.7% of the total variance was explained by one principal 

component (Table 2).  Sites with positive associations with the first component had less 

terrain roughness, less slope, and lower elevation.  Within the kill vicinity, the first 

principal component accounted for 45.4% of the total variation.  Primary loading of this 

component occurred on terrain roughness and slope.  The kill vicinities were mainly 

positively associated with this principal component and had less rough terrain and canopy 
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cover; lower slope and elevation; and higher elk density.  Again, only one principal 

component, which explained 49.2% of the variation, was retained for the kill areas.  Sites 

positively associated with this component had lower elevation; less slope, roughness, and 

canopy cover; and higher elk density  (Table 2). 

 
Table 2. Principal component loadings for habitat variables associated with wolf kill sites 
and random sites, winter and spring, greater Jackson area, 1999-2006. 
 Wolf-random winter Wolf-random spring 

  PC1 PC1 
  Pt. 50 m 1 km Pt. 50 m 1 km 
Eigenvalue  2.78 2.72 2.95 2.79 2.89 3.01 
Broken stick  2.59 2.45 2.45 2.28 2.28 2.45 
% Variance  39.7 45.4 49.2 39.8 48.1 50.2 

Variables        
Terr. roughness  -0.487 -0.507 -0.469  0.531 -0.513 -0.438 
Canopy cover  -0.383 -0.383 -0.395  0.349 -0.310 -0.333 
Aspect   0.041  0.029  0.213 -0.055  0.089  0.216 
Slope  -0.500 -0.520 -0.505  0.545 -0.528 -0.510 
Elevation  -0.480 -0.488 -0.511  0.478 -0.494 -0.517 
Dist. To water  -0.210  N/A  N/A  0.036  N/A N/A 
Elk density   0.301  0.294  0.250 -0.256  0.332  0.352 
Bold indicates retained component according to broken-stick. 
Underline indicates factor loadings that contributed >10% to a particular component 

 

Logistic regression revealed that wolf kill sites were nearly 3 times more likely to have 

positive association with PC1 than random sites.  Within the kill vicinity, wolf kill sites 

were 2.5 times more likely to be associated with PC1 than random vicinities.  As 

indicated by the odds ratio (1.84), kill areas were nearly twice as likely to be associated 

with PC1 than random areas (Table 3).  The Goodman-Kruskal Gamma measure of 

association indicated the models were good measures of association at all three spatial 

scales (Table 3). 
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Table 3.  Logistic regression models presenting the PCA found to be significant in 
predicting wolf kill vs. random locations. Odds ratios and corresponding 95% confidence 
intervals for retained principal component analysis are provided; model significance 
determined via the likelihood ratio test. 

WOLF WINTER        
Model Equation O.R. C.I. p-value1 HL      p-value2 GKG

Site        
Constant + PC1 g(x) = -1.11 + 0.98 (PC1) 2.66 2.15-3.30 0.00 9.49 0.30 0.64 

Vicinity     
 

  
Constant + PC1 g(x) = -1.07 + 0.90(PC1) 2.47 2.01-3.04 0.00 12.59 0.13 0.60 

Area        
Constant + PC1 g(x) = -1.05 + 0.6(PC1) 1.84 1.56-2.18 0.00 27.76 0.001 0.49 

        
WOLF SPRING        

Site        
Constant + PC1 g(x) = -1.11 + 0.65 (PC1) 0.51 0.36-0.73 0.00 8.43 0.39 0.45 

Vicinity        
Constant + PC1 g(x) = -0.95 + 0.64(PC1) 1.91 1.36-2.69 0.00 10.78 0.21 0.46 

Area        
Constant + PC1 g(x) = -0.88 + 0.49(PC1) 1.64 1.23-2.19 0.00 11.86 0.16 0.41 

OR= odds ratio; CI= 95% confidence interval 
HL=Hosmer-Lemeshow goodness-of-fit test (degrees of freedom =8) 
GKG= Goodman-Kruskal Gamma measure of association 
p-value1=value associated with odds ratio 
p-value2=value associated with Hosmer-Lemeshow test 

 

Spring 

Spring wolf kills were found in a wide range of elk density with only 21% in areas of mid 

or high density (Figure 3).  At the kill site, terrain roughness and slope were the primary 

loading variables in PC1 (variation 39.8%) indicating greater roughness and steeper 

slopes at sites associated with this component.   Again, PC1 primarily loaded on terrain 

roughness and slope within the kill vicinities and was indicative of less roughness and 

slope.  Within the kill areas, PC1 (variation 50.2%) loaded largely on slope and elevation 

indicating less slope, and lower elevation.  Random areas or kill areas positively 
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associated with PC1 had less slope, elevation, roughness and canopy cover, and higher 

elk density.   

 

Wolf kill sites were only half as likely to be associated with PC1 as were random sites, 

but kill vicinities were nearly twice as likely to be associated with PC1 than random 

vicinities (Table 3).  Wolf kill areas were more than 1.5 times as likely to be associated 

with PC1 as random areas (Table 3).  Again, the Goodman-Kruskal Gamma measure of 

association indicated the models were good measures of association at all three spatial 

scales (Table 3). 

 

Cougar 

Winter 

Conifer (42.2%) and open terrain (41.7%) were the most often-occurring vegetation 

categories at cougar kill sites.  All vegetation types were used nearly equal to their 

availability with the exception of open terrain, which was used (41.7%) notably more 

than it was available (31.1%).  Developed areas were not used, and were only marginally 

available (4.4%).  Within the kill vicinities and kill areas, all vegetation categories were 

used nearly equal to their availability with the exception of developed areas, which were 

not used. 
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� Wolf kill sites 

▲ Cougar kill sites 

Figure 2. Winter wolf and cougar kill sites and elk density (0.8 href) greater Jackson, WY. 
1 December-31 March (1999-2006). 
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 In winter, only 15% of kill sites were in mid-high or high elk density (Figure 2).  At the 

kill site, the PC1 accounted for 31.1 % of the total variance (Table 4).  Sites with positive 

association to this component had less terrain roughness and slope.  Within the kill 

vicinity, the first principal component accounted for 36.6% of the variation.  At the site 

and vicinity scales of analysis, all of the variables in the primary component were 

negative, except elk density, and loaded mainly on slope and terrain roughness.  Areas 

positively with this component were had flatter, less rough terrain, lower elevation, and 

less canopy cover.  Within the kill area, roughness, slope, and elevation largely described 

the first component accounting for 46.5% of the variance and were positively correlated.  

Thus, areas positively associated with this component tended to be rougher, steeper, and 

at higher elevations.  Only the kill area results were significant according to the broken-

stick criterion (Table 4).  At all spatial scales, cougar kill sites were equally as likely to 

be associated with PC1 as random sites; Hosmer-Lemeshow goodness of fit tests indicate 

lack of fit at all three spatial scales (Table 5).   

 

Spring 

Similar to winter, elk density did not appear to be a major factor in spring cougar kill site 

selection with only 20% of kills found in areas with greater than low elk density (Figure 

3).  At the kill site and kill vicinity, PC1 loaded negatively on terrain roughness and slope 

indicating sites associated with this component having less roughness and slope (Table 

4).  Inside the kill area, slope and elevation were the primary loading variables with PC1 

accounting for 47.2% of the variation (Table 4), indicating areas associated with this 

component having lower slope and elevation.  Both the kill vicinity and kill area results 
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were significant according to the broken-stick criterion.  The logistic regression indicated 

cougar kill locations were approximately 1.3 times more likely to be associated with PC1 

than random locations at all spatial scales (Table 5).  The Goodman-Kruskal Gamma test 

indicated less than adequate fit for the kill site and kill vicinity and a moderate fit for the 

kill area (Table 5).  

 
 
 
 
 
 
 
 
 
 
 
 
Table 4.  Principal component loadings for habitat variables associated with cougar kill 
sites and random sites, winter and spring, greater Jackson area, 1999-2006. 
 Cougar-random winter Cougar-random spring 

 PC1 PC1 
  Pt. 50 m 1 km Pt. 50 m 1 km 

Eigenvalue  2.18 2.20 2.79 2.55 2.69 2.83 
Broken stick  2.59 2.45 2.45 2.59 2.45 2.45 
% Variance  31.1 36.6 46.5 36.4 44.9 47.2 

Variables        
Terr. roughness  -0.571 -0.575  0.492 -0.567 -0.532 -0.460 
Canopy cover  -0.319 -0.307  0.342 -0.260 -0.239 -0.279 
Aspect  -0.027 -0.018 -0.245  0.011  0.073  0.191 
Slope  -0.599 -0.592  0.539 -0.583 -0.550 -0.530 
Elevation  -0.452 -0.469  0.514 -0.477 -0.494 -0.526 
Dist. To water  -0.061  N/A  N/A  0.182  N/A N/A 
Elk density   0.072  0.066  0.164 -0.102  0.329  0.342 
Bold indicates retained component according to broken-stick. 
Underline indicates factor loadings that contributed >10% to a particular component. 
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Table 5.  Logistic regression models presenting the principal component analysis found 
to be significant in predicting cougar vs. random locations. Odds ratios and 
corresponding 95% confidence intervals for retained principal component analysis are 
provided; model significance determined via likelihood ratio test. 
COUGAR WINTER        

Model Equation O.R. C.I. p-value1 HL      p-value2 GKG
Site        

Constant + PC1 g(x) = -0.81 + 0.08(PC1) 0.98 0.84-1.13 0.74 25.82 0.001 0.03 

Vicinity        
Constant + PC1 g(x) = -0.81 + 0.04(PC1) 0.99 0.85-1.14 0.84 32.04 0.00 0.03 

Area        
Constant + PC1 g(x) = 0.86 - 0.21(PC1) 1.12 0.98-1.27 0.10 46.14 0.00 0.14 

        

COUGAR SPRING        

Site     
   

Constant + PC1 g(x) = -0.63 + 0.25(PC1) 1.29 1.00-1.65 0.04 12.67 0.12 0.19 

Vicinity        

Constant + PC1 g(x) = -0.50 + 0.23 (PC1) 1.26 0.99-1.60 0.05 9.26 0.32 0.19 

Area        
   

Constant + PC1 g(x) = -0.54 + 0.32 (PC1) 1.38 1.08-1.77 0.006 10.81 0.21 0.28 
OR= odds ratio; CI= 95% confidence interval 
HL=Hosmer-Lemeshow goodness-of-fit test (degrees of freedom =8) 
GKG= Goodman-Kruskal Gamma measure of association 
p-value1=value associated with odds ratio 
p-value2=value associated with Hosmer-Lemeshow test 
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� Wolf kill sites 

▲ Cougar kill sites  

Figure 3. Spring wolf and cougar kill sites and elk density (0.75 href), greater Jackson, 
WY.  1 April-31 May (1999-2006).  
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 Seasonal comparison 

At all landscape scales, seasonal comparisons of kill site characteristics showed few 

significant differences for both species.  For wolves, the first principal component loaded 

primarily on roughness, slope, and elevation at all spatial scales (Table 6).  For both 

species only the kill area results were significant according to broken-stick criterion.  

Odds ratios indicate equal likelihood of being winter or spring at all spatial scales for 

wolves.  Cougar winter kill sites were more likely than random kill sites to be associated 

with PC1, but winter kill vicinities were less likely to be associated with PC1 than 

random vicinities.  Goodman-Kruskal Gamma measures of association indicate poor 

model fit for wolves at all three scales.  Moderate fit is indicated for cougar kill sites and 

kill vicinities; while within the kill areas, the measure of association indicates lack of fit 

(Table 7).  

Table 6.  Principal component loadings for habitat variables associated with winter and 
spring kill sites for wolves and cougars, greater Jackson area, 1999-2006. 
 
 Wolf winter-spring Cougar winter-spring 

  PC1 PC1 
  Pt. 50 m 1 km Pt. 50 m 1 km 
Eigenvalue  2.19 2.20 2.62 1.94 1.93 2.49 
Broken stick  2.51 2.45 2.45 2.57 2.45 2.45 
% Variance  31.3 36.7 43.6 27.7 32.1 41.6 

Variables        
Terr. roughness  -0.590 -0.603 -0.497  0.663 -0.644 -0.488 
Canopy cover  -0.152 -0.162 -0.332 -0.082  0.097 -0.345 
Aspect   0.026 -0.048  0.089  0.071 -0.029  0.147 
Slope  -0.597 -0.612 -0.555  0.659 -0.657 -0.522 
Elevation  -0.462 -0.454 -0.542  0.276 -0.344 -0.527 
Dist. To water  -0.212  N/A  N/A  0.191  N/A N/A 
Elk density   0.114  0.166 0.182 -0.043  0.158  0.266 
Bold indicates retained component according to broken-stick. 
Underline indicates factor loadings that contributed  >10% to a particular component. 
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Table 7. Logistic regression models presenting the principal component analysis found to 
be significant in predicting wolf/cougar winter vs. spring kill sites.  Odds ratios and 
corresponding 95% confidence intervals for retained principal component analysis are 
provided; model significance determined via the likelihood ratio test. 

WOLF        
Model Equation O.R. C.I p-value1 HL p-value2 GKG 

Site        
Constant + PC1 g(x)=1.30-0.05(PC1) 1.05 0.83-1.34 0.69 3.89 0.87 0.04 

Vicinity        
Constant + PC1 g(x)=1.28+0.06(PC1) 1.06 0.83-1.35 0.63 4.83 0.78 -0.00 

Area        
Constant + PC1 g(x)=1.16+0.10(PC1) 1.10 0.88-1.38 0.39 7.07 0.53 0.03 

        

COUGAR        
Site        

Constant + PC1 g(x)=0.92 +0.23(PC1) 1.26 0.98-1.63 0.06 10.38 0.24 0.21 

Vicinity        
Constant + PC1 g(x)= 0.93�0.19(PC1) 0.82 0.64-1.06 0.13 8.35 0.40 0.19 

Area        
Constant + PC1 g(x)=-0.89+0.06(PC1) 1.06 0.86-1.31 0.59 13.58 0.09 0.06 

OR= odds ratio 
 CI= 95% confidence interval 
HL=Hosmer-Lemeshow goodness-of-fit test (degrees freedom=8) 
GKG=Goodman-Kruskal Gamma measure of association 
p-value1=value associated with odds ratio 
p-value2=value associated with Hosmer-Lemeshow test 
 

Wolf to cougar  

CART analysis 

In the winter CART analysis, four of the seven predictor variables were deemed 

important in separating a wolf kill site from a cougar kill site: elk density, canopy cover, 

terrain roughness, and elevation (in order of importance).  Elk density significantly 

outweighed all other variables in importance (Table 8).  For example, a kill-site with mid, 

low-mid, or low elk density was sent to the right node (cougar kill; Figure 4).  From here, 

roughness was evaluated; if the roughness was >30.5, the kill site was then evaluated 

using elevation.  If the roughness was ≤ 30.5, the kill site was then again evaluated using 
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elk density.  Higher elk density and less canopy cover were indicative of a wolf kill site.  

The analysis correctly classified 80.5% of cougar kills and 81.1% of wolf kills. 

 

In spring, five of the eight predictor variables were deemed important in separating wolf 

and cougar kill sites:  elk density, terrain roughness, slope, distance to water, and canopy 

cover (in order of importance).  Wolf kill sites were generally characterized by lower 

terrain roughness (≤21.5), higher elk density, lower canopy cover, and shorter distance to 

water compared to cougar kill sites (Table 8; Figure 5). Correct classification was 73.3% 

for cougars and 57.1% for wolves. 

 
Table 8.  CART analysis:  Type of habitat variables and importance for wolf vs. cougar 
kill sites in winter and spring.  Tree is pruned to minimum cross-validated error. 
Variable Type Importance 

winter 
Importance 
spring 

Elk density Categorical 100.00 100.00 
Canopy cover Categorical 37.51 17.45 
Roughness Continuous 25.19 96.46 
Elevation Continuous 18.26 N/A 
Distance to water Continuous N/A 51.19 
Aspect Continuous N/A N/A 
Slope Continuous N/A 51.62 
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Figure 4.  Single-tree CART analysis of wolf and cougar winter kill site characteristics (1 
December- 31 March) greater Jackson, WY area. N= number of rows placed in node; 
W=sum of row weights (all rows weighted equally); 
Misclassification=percentage of rows misclassified 
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Figure 5. Single-tree CART analysis of wolf and cougar spring kill site characteristics 
(April 1-May 31), greater Jackson, WY area. N= number of rows placed in node; W=sum 
of row weights (all rows weighted equally); Misclassification=percentage of rows 
misclassified 
 



 33 

Principal component analysis 

Winter 

When comparing wolf kill sites to cougar kill sites in winter, the first principal 

component accounted for 31.7% of the variation.  The component loaded primarily on 

roughness and slope.  Kill sites positively associated with this component were less rough 

and had higher elk density.  Within the kill vicinities, PC1 explained 36.5% of the total 

variance; primary loading occurred on slope and terrain roughness.  Sites positively 

associated with this component would have higher slope and elevation, more terrain 

roughness and canopy cover, and lower elk density.  In the kill areas, PC1 primarily 

loaded on slope, elevation and terrain roughness and accounted for 41.3% of the total 

variance (Table 9).  Sites positively associated with this component have lower slope, 

elevation, and terrain roughness.  Kill area principal components were significant 

according to broken-stick criterion.   

 
Wolf kill sites showed much stronger positive association with PC1 than cougar kill sites.  

Within the kill vicinities, wolf kill sites were only 1/3 as likely to be associated with PC1 

as cougar kill sites.  As indicated by the odds ratio (1.53) within the kill areas, wolf kills 

were 1.5 times more likely to be positively associated with PC1 as cougar kills (Table 

10).  Goodman-Kruskal Gamma summary measures indicate good model fit at kill sites 

and kill vicinities and adequate fit within kill areas (Table 10). 
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Table 9.  Principal component loadings for habitat variables associated with wolf and 
cougar kill sites, winter and spring, greater Jackson area, 1999-2006. 
 Wolf-cougar winter Wolf-cougar spring 

 PC1 PC1 
  Pt. 50 m 1 km Pt. 50 m 1 km 
Eigenvalue  2.22 2.19 2.48 2.38 2.54 2.97 
Broken stick  2.59 2.45 2.45 2.59 2.45 2.45 
% Variance  31.7 36.5 41.3 34.0 42.2 52.2 

Variables        
Terr. roughness  -0.576  0.552 -0.510 -0.592 -0.544 -0.471 
Canopy cover  -0.260  0.260 -0.361 -0.125 -0.197 -0.322 
Aspect   0.050  0.027  0.091  0.002  0.142  0.211 
Slope  -0.604  0.600 -0.544 -0.569 -0.559 -0.498 
Elevation  -0.293  0.323 -0.514 -0.469 -0.472 -0.508 
Dist. To water  -0.097  N/A  N/A  0.078  N/A N/A 
Elk density   0.372 -0.403 0.203 -0.290  0.338  0.352 
Bold indicates retained component according to broken-stick. 
Underline indicates factor loadings that contributed  >10% to a particular component. 
 
Table 10.  Logistic regression models presenting the principal component analysis found 
to be significant in predicting wolf vs. cougar kill sites.  Odds ratios and corresponding 
95% confidence intervals for retained principal component analysis are provided; and 
model significance determined via the likelihood ratio test. 
WOLF VS COUGAR        

WINTER        

Model Equation O.R. C.I. p-value1 
HL p-value2 GKG 

Site        
Constant + PC1 g(x) = 0.10 + 1.20(PC1) 3.31 2.50-4.38 <0.001 6.64 0.58 0.72 

Vicinity        
Constant + PC1 g(x) = 0.10 - 1.26 (PC1) 0.28 0.21-0.38 <0.001 24.19 0.002 0.74 

Area        
Constant + PC1 g(x) = -0.01 + 0.43(PC1) 1.53 1.27-1.84 <0.001 8.27 0.41 0.37 

        
SPRING        

Site        

Constant + PC1 g(x) = -0.34 + 0.50 (PC1) 1.65 1.15-2.37 0.002 8.58 0.38 0.40 

Vicinity        

Constant + PC1 g(x) = -0.30 + 0.44 (PC1) 1.56 1.12-2.17 0.004 7.67 0.47 0.39 

Area        

Constant + PC1 g(x) = -0.27 + 0.17 (PC1) 1.19 0.92-1.54 0.18 11.33 0.18 0.19 

OR= odds ratio; CI= 95% confidence interval 
HL=Hosmer-Lemeshow goodness-of-fit test (degrees of freedom =8) 
GKG= Goodman-Kruskal Gamma measure of association 
p-value1=value associated with odds ratio 
p-value2=value associated with Hosmer-Lemeshow test 
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Figure 6.  Scatter plot depicting the association of winter wolf and cougar kill sites with 
the first (x-axis) and second (y-axis) principal components, greater Jackson, WY. 1 
December-31 March (1999-2006).  
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Spring 

Comparing kill site characteristics for spring at all spatial scales, loading on PC1 was 

primarily on terrain roughness, slope and elevation.  Sites/vicinities/areas with positive 

association with PC1 had less roughness, slope, elevation, and canopy cover.  PC1 

indicated lower elk density at sites, but higher elk density at vicinities and areas.  PC1 

accounted for 34.0%, 42.4%, and 52.2% of the variation at the kill site, vicinity, and area, 

respectively (Table 9).  

 

At the site and vicinity, wolf kill locations were approximately 1.6 times more likely to 

be associated with PC1 as were cougar kill locations.  At the area scale, wolf kill areas 

were only 1.2 times more likely to be associated with PC1 as cougar kill areas (Table 10).  

Goodman-Kruskal Gamma measures of association indicated good fit at kill sites and kill 

vicinities and moderate fit within kill areas (Table 10).   

 

Teton pack vs. non-Teton packs 

Comparing Teton pack kills and non-Teton pack kills, PC1 at all three spatial scales 

loaded primarily on terrain roughness, slope and elevation.  At the kill site, PC1 

accounted for 32.5% of the variation and was generally a positive loaded component.  

Within the kill vicinities and kill areas, the first principal components loaded negatively 

on terrain roughness, slope, and elevation and accounted for 36.2% and 41.5% of the 

variation (Table 11). 
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Table 11.  Principal component loadings for habitat variables associated with Teton pack 
and non-Teton pack kill sites, winter and spring, greater Jackson area, 1999-2006. 
  Teton vs. non-Teton 

  PC1 
  Pt. 50 m 1 km 
Eigenvalue  2.27 2.17 2.49 
Broken stick  2.59 2.45 2.45 
% Variance  32.5 36.2 41.5 

Variables     
Terr. roughness   0.566 -0.626 -0.539 
Canopy cover  -0.046  0.028 -0.323 
Aspect   0.024 -0.109  0.007 
Slope   0.603 -0.632 -0.570 
Elevation   0.429 -0.421 -0.524 
Dist. To water   0.353  N/A  N/A 
Elk density  -0.061  0.137  0.076 
Bold indicates retained component according to broken-stick. 
Underline indicates factor loadings that contributed  >10% to a particular component. 
 
Table 12.  Logistic regression models presenting the principal component analysis found 
to be significant in predicting Teton pack vs. non-Teton pack kill sites.  Odds ratios and 
corresponding 95% confidence intervals for retained principal component analysis are 
provided; and model significance determined via the likelihood ratio test. 
Teton Pack  vs. non-

Teton packs     
   

WINTER     
   

Model Equation O.R. C.I. p-value1 
HL p-value2 GKG 

Site        
Constant + PC1 g(x) = 1.08 + 0.37 (PC1) 1.44 1.05-1.98 <0.001 4.66 0.79 0.26 

Vicinity        
Constant + PC1 g(x) = 1.10 - 0.25 (PC1) 0.78 0.58-1.06 <0.001 3.18 0.92 0.20 

Area        
Constant + PC1 g(x) = 0.99 - 0.40 (PC1) 0.67 0.49-0.93 <0.001 4.42 0.82 0.28 

OR= odds ratio 
CI= 95% confidence interval 
HL=Hosmer-Lemeshow goodness-of-fit test (degrees of freedom =8) 
GKG= Goodman-Kruskal Gamma measure of association 
p-value1=value associated with odds ratio 
p-value2=value associated with Hosmer-Lemeshow test 
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Teton kill sites were 1.4 times more likely as non-Teton kill sites to be associated with 

PC1 at the kill sites, but less than 3/4 times as likely to be associated with respective 

PC1�s within the kill vicinities and kill areas (Table 12).  Goodman-Kruskal Gamma 

measures indicated moderate fit for all three spatial scales.  We did not have enough 

spring kill data to perform a similar comparison. 

 

DISCUSSION 

Our results indicate while wolves and cougars in the greater Jackson area have 

overlapping areas of use and share a prey base, they use different types of habitat for 

hunting.  We found little to no difference between wolf and cougar kill sites between 

seasons.  We know of no other studies have been published on wolf and cougar kill site 

habitat selection in seasons other than winter.  We note that our sample size for spring 

kill sites was much smaller than for winter kill sites and urge caution in interpreting our 

results on seasonal comparisons of wolf and cougar kill sites.  Unless otherwise noted, 

this discussion will refer to winter data.   

 

Wolf 

Similar to findings of other wolf predation studies (Kunkel and Pletscher 2000; 

Husseman et al. 2003; Kunkel et al. 2004), we found kill sites were not randomly selected 

for wolves.  Wolf kills were most likely to occur in open terrain or riparian areas; wolves 

appear to select against conifer and mixed forest, using them much less than available. 

We detected a difference between wolf kill locations and random locations at all spatial 

scales�site, vicinity (50 m), and area (1 km).  During winter, odds ratios (odds ratio of 1 
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indicates equal likelihood) indicated wolves used habitat with higher elk density, less 

terrain roughness, slope and canopy cover, and lower elevation compared to random 

habitat.  Generally, these were areas of lower elevation with higher elk density.  Wolves� 

coursing, cooperative hunting strategy of running prey to find and pursue the vulnerable 

individual is made easier by this type of habitat.  We speculate that areas of high elk 

density were furthermore areas of high risk of predation by wolves.  Our evidence 

suggests prey are less likely to be killed by wolves in areas of heavier cover, in more 

rough terrain, away from other prey (for elk), and on steeper slopes.   

 

The CART analysis indicates elk density is a significant factor influencing kill site 

selection for wolves.  This suggests kill site selection is perhaps influenced more strongly 

by prey availability than by other elements of the available habitat.  Oakleaf et al. (2005) 

found a positive relationship between elk density and incidence of wolf kills; Paquet 

(1993), Jedrzejewska and Jedrzejewski (1998), and Alexander et al. (2006) suggest that 

density of elk/red deer drives prey selection by wolves.  At the landscape level, wolves 

exhibit preference for areas of high elk density.  However, within areas of high elk 

density, wolves tend to select terrain features that facilitate their pursuit style of hunting.   

 

Teton Pack vs. non-Teton Packs 

Until winter 2005-2006, we largely followed only one wolf pack (Teton pack) and 

located 80-85% of the winter kills made by that pack; most of the kill sites were from this 

pack.  As number of wolf packs increased in 2006, we located as many kills as possible 

made by all accessible packs.  Twenty-seven percent (n=36) of the total winter kills 
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found were from other (non-Teton) packs.  Due to known locations of radio-collared 

wolves, we were often able to determine which wolves made the kill and conclude that it 

was not always the same wolves.  Thus, we can infer that the habitat selection of the kill 

sites reflects the tendencies of more than just a single pack, or even specific wolves in 

that pack.  Additionally, comparisons of wolf kill sites not associated with a pack show 

similarities in kill site habitat, indicating habitat selection.  Due to the few significant 

differences found between Teton and non-Teton kill sites, we believe we are justified in 

our characterization of wolf kill site habitat within our study area.   

 

Cougar 

We found little difference at any scale between cougar kill locations and random 

locations suggesting there may be other variables important to cougars, which were not 

included in our study.  Ruth (2004) found cougars used vegetation types within their 

home ranges equal to their availability.  Contrary to our predictions, cougar kills were 

nearly equally as likely to occur in open terrain (41.7%) as conifer (42.2%).  While 

conifer areas were used in proportion to availability, open terrain was used considerably 

more.  The nearly equal occurrence of cougar kills in conifer forest, as compared to open 

terrain, indicates cougars are not likely selecting for high elk density, as elk are less likely 

to be found in conifer forest and more likely to be found in open terrain. Jedrzejewska 

and Jedrzejewski (1998) suggest tiger kill sites in Poland exhibited no pattern of higher 

ungulate density.  We conclude prey are more likely to be killed by cougars away from 

other prey, on rougher, steeper terrain. 
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At all spatial scales, odds ratios in spring indicated cougar kill sites had somewhat less 

roughness, slope, and elevation than random sites, contrary to our predictions.  Seasonal 

comparison indicated small differences between winter and spring kill sites and 

vicinities; winter kill sites and vicinities had slightly higher terrain roughness, more 

slope, and were found at higher elevation than spring kill sites.  We surmised winter kill 

locations would be found at lower elevation due to ungulates selecting lower elevations 

with shallower snow (Miller et al. 1981; Kauffman et al., in review; Greenwood, date 

unknown).  

 

Due to cougars� solitary, stalk and ambush hunting strategy and relatively short kill 

sequence, we expected to find considerable differences in habitat at kill locations 

compared to random locations, especially at the site scale.  However, we did not detect a 

difference between cougar kill locations and random locations at any spatial scale. We 

presumed surprising and killing prey was made easier by greater canopy cover, steeper 

slopes, and more rough terrain.  Cougars are possibly selecting at micro-habitat scale, 

smaller than what we measured. 

 

Wolf vs. cougar 

Spatially, wolf and cougar kills occurred in close proximity (see Figures 4 and 5), and 

study animals of both species were regularly found near each other.  Ruth et al. (2003) 

found wolves use areas with more open canopy and less rough terrain, while cougars 

generally use areas with more closed canopy, rougher terrain, and even cliffs.  Although 

we found little difference between cougar kill locations and random locations, differences 
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between wolf and cougar kill habitats were significant.  We conclude that within our 

study area, sympatric wolves and cougars do not use the same habitat types for hunting.  

As we speculated, wolf kills were more likely to be found in less rough, open canopy 

areas conducive to extended chases.  Likewise, areas of rougher terrain with greater 

canopy cover afford cougars the advantage for their ambush style of hunting.   

 

Similar to other studies, (Ruth and Hornocker 1996; Murphy et al. 1999), we found 

indications of wolves scavenging, usurping, or investigating cougar kills (9% of winter 

kills); conversely, there were a few instances of cougars visiting wolf kills (<1%).  The 

differing hunting habitat for wolves and cougars may be an avoidance mechanism.  

Interactions between wolves and cougars generally favor wolves (Ruth and Hornocker 

1996; Murphy et al. 1999).  Due to the higher incidence of wolves killing cougars, than 

cougars killing wolves, (White and Boyd 1989; Boyd and Neale 1992; Boyd et al. 1994; 

Jimenez et al. in review), cougars may hunt in different habitat to avoid wolves.  In a 

track density study, Alexander et al. (2006) suggest wolves and cougars directly avoid 

one another.  

 

We removed all kill sites on the Wyoming Game and Fish elk feedgrounds to minimize 

bias.  Our assumption was elk choose the feedgrounds for the available food and not for 

habitat purposes; thus predators are also not selecting for habitat, but for large gatherings 

of habituated elk.  Habitat preference models for elk in the Rocky Mountains indicate as 

snow depths increase in winter, elk move from the higher elevations to valleys and 

foothills where there is increased forage and typically less snow.  Year-round, elk favor 
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sagebrush flats and grassland/forest vegetation areas out of sight of major roads  (Miller 

et al. 1981; Kauffman et al., in review; Greenwood, date unknown).  In spring, elk 

density at kill sites decreased for both species.  Increased access to grazing areas due to 

snow melt, coupled with new spring vegetation growth likely causes the decreased elk 

concentration.  Elk also begin to migrate toward calving grounds during this time. 

 

In the course of the seven-year study, we noted patterns in wolf and elk behavior.  

Multiple elk would be killed before the herd moved out of the area for a short time.  At 

this point the wolves also left in search of other prey.  The elk eventually returned, as did 

the wolves.  In some winters this occurred almost weekly, while in others wolves would 

spend nearly a month in an area before the elk would move out.  This pattern is similar to 

findings by Greenwood and Swingland (1983) and Bergman et al. (2006) in which 

predators vacate a recently hunted area to allow prey behavior to return to normal.  Murie 

(1944) and Bibikov (1982) maintain that wolves do not give chase when prey runs uphill.  

We also observed a general tendency for prey to run downhill and toward areas of greater 

cover when pursued by wolves.  Often snow is deeper at the bottom of the hill, due to 

reduced wind scouring and increased snow deposition there, resulting in conditions more 

conducive to prey capture.  On the other hand, prey pursued by cats tend to run toward 

open areas (P. Buotte, personal communication).  It has been suggested that wolves have 

had insufficient time (1995-2006) to become wholly integrated into the Yellowstone 

ecosystem, particularly in the behavioral responses of prey and competitors.  Tests 

conducted on moose in Alaska and Wyoming from 1995-2000 indicated a greater fear 

response in Alaska where wolves were never extirpated (Berger et al. 2001).  In the 
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Gallatin drainage of Yellowstone National Park, Creel et al. (2005) found elk move to 

areas of greater cover and protection when wolves are in the vicinity.  This evidence of 

anti-predator behavior in elk indicates some progress toward the integration of wolves 

into the predator-prey dynamics of the greater Yellowstone ecosystem. 

 
Continued research 

This study was an initial step in understanding wolf and cougar habitat preferences in the 

southern Yellowstone ecosystem.  Continued experimentation with GPS collars will 

likely fill significant missing gaps in our understanding (i.e., year round data collection).  

Specific home range data for individual cougars would greatly increase the accuracy of 

use vs. availability data as well.  Additionally, a resource selection function specific to 

the prey base would provide greater understanding of predator behavior as it pertains to 

hunting and habitat selection.  Given the overlapping use of habitat and prey, 

interspecific competition between sympatric wolves and cougars is inevitable and 

warrants greater study.  Only with more intensive studies, will we better understand the 

full extent of interactions between these sympatric predators.   
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