
Black bears in Canyon de Chelly National Monument: 

Life in a changing environment 

 
 
 

Catherine Anne Tredick 
 
 
 
 

Dissertation submitted to the faculty of the Virginia Polytechnic Institute and State 
University in partial fulfillment of the requirements for the degree of 

 
Doctor of Philosophy 

In 
Fish and Wildlife Conservation 

 
 
 
 

 
Michael R. Vaughan 

Marcella J. Kelly 
Dean F. Stauffer 

Marc J. Stern 
 
 
 
 

June 23, 2011 
Blacksburg, VA 

 
 
 

Keywords: black bear, Canyon de Chelly National Monument, genetic structure, habitat 
use, human dimensions, wildlife stakeholder acceptance capacity 

 
 

 
 
 
 
 
 
 

Copyright © 2011, Catherine A. Tredick



Black bears in Canyon de Chelly National Monument: 
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Catherine Anne Tredick 

 
Abstract 

 
 

Understanding how wildlife utilize habitat at varying scales is important for 

understanding and predicting potential impacts of landscape changes (e.g., habitat loss and 

fragmentation, restoration efforts, climate change, etc.) and in determining effective strategies 

for conservation and management. This research examines fine-scale and landscape-level habitat 

use of black bears in Canyon de Chelly National Monument (CACH), Arizona, USA in the 

context of large-scale landscape change. Currently, CACH is undergoing a large-scale 

restoration effort to remove all of the non-native Russian olive (Elaeagnus angustifolia) and 

tamarisk (Tamarix ramosissima and T. chinensis) within the monument. As black bears rely on 

the Russian olive as a primary food source, a major goal of this research was to evaluate how 

bears currently use this resource and how its removal might affect bear habitat use and bear-

human interactions within the monument. 

I developed a model of 3rd order (fine-scale) black bear habitat use in CACH using an 

occupancy modeling approach. Model results indicated that fine-scale habitat selection by bears 

in CACH is being driven by the presence of non-native Russian olive as well as native food 

sources. Thus availability of native foods may be sufficient to maintain the bear population in 

CACH, and bears may quickly adapt to the loss of the non-native food source. Similarly, results 

showed that bears avoid human areas and farmsteads and prefer higher elevations, suggesting 

that once olive is removed in the lower canyons near human areas, bear-human interactions may 

become less of a problem over the long term. 
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I also developed a model of 2nd order (landscape-level) habitat use and evaluated 

movement patterns of black bears in CACH using location data collected from GPS collars. 

Model results showed that bears selected areas with higher tree canopy cover and terrain 

ruggedness, indicating that forest cover and escape cover are primary factors driving black bear 

habitat selection at the landscape scale in this region. Movement patterns revealed large mean 

daily movements and low average turning angles, indicating long, linear movements designed to 

take advantage of the mosaic of available habitats and food resources available over larger areas. 

I extracted DNA from hair samples collected throughout the study area to examine 

genetic variability and population structure of black bears in the region. Analyses revealed a 

relatively healthy, panmictic population across the wider landscape. No substantial genetic 

structuring was observed in multiple analyses, though I did find evidence of a slight isolation-by-

distance pattern within the population. Measures of both current (Nb = 24) and long-term (Ne = 

579) effective population size indicated a relatively high number of breeders in the current 

population and a sufficient amount of gene flow within the larger “superpopulation” to maintain 

long-term genetic viability. 

I focused the final portion of my dissertation research on understanding the factors that 

influence stakeholder acceptance capacity for black bears, which plays a central role in 

contemporary wildlife management issues, including human-wildlife conflict. I used data from 

telephone interviews of 1,546 residents in Virginia to develop conceptual models of black bear 

acceptance capacity at both county and state levels. Model results suggested that more deep-

seated and less easily influenced factors (e.g., values and risk perceptions) are at the heart of 

stakeholder attitudes and perceptions of wildlife, making influencing these perceptions more 

difficult. Agencies can indirectly affect these attitudes and perceptions, however, by targeting 
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more potentially pliable factors related to wildlife acceptance capacity such as knowledge, 

personal experience with wildlife, and trust in management agencies. 
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General Introduction 

 Large carnivores such as black bears provide an excellent model for examining concepts 

of scale in the utilization of habitat and landscape features because of the vast expanses of land 

they require to meet their resource needs (Shaffer 1987; Noss et al. 1996). Wildlife habitat use 

generally is explained across a hierarchy of spatial scales, including more general use at the 

landscape-level (2nd order habitat selection) and fine-scale use within an animal’s home range 

(3rd order habitat selection; Johnson 1980). Understanding how wildlife utilize habitat at varying 

scales is important for comprehending and predicting potential impacts of landscape changes 

(e.g., habitat loss and fragmentation, restoration efforts, climate change, etc.) and in determining 

effective strategies for conservation and management. Carnivores historically have been 

considered indicators of ecosystem health and integrity, thus effective management of these 

species can mean effective conservation and management of an entire suite of species (Noss et 

al. 1996; Soulé and Terborgh 1999). Finally, carnivores are at the center of many human-wildlife 

interactions and can be a vital indicator of human attitudes towards wildlife and nature in general 

(Kellert et al. 1996). Understanding attitudes, perceptions, and acceptance capacities of 

stakeholders for these charismatic species is as essential to their successful conservation as 

understanding their ecological resource needs. 

This dissertation focused on the fine-scale and landscape-level habitat use of black bears 

in northeastern Arizona, USA in the context of large-scale landscape change. Canyon de Chelly 

National Monument (CACH) lies in the heart of the Navajo Nation in northeastern Arizona and 

is currently undergoing a large-scale restoration effort to remove all of the non-native Russian 

olive (Elaeagnus angustifolia) and tamarisk (Tamarix ramosissima and T. chinensis) within the 

monument (NPS 2005). As black bears rely on the Russian olive as a primary food source (see 
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Appendix A), this restoration effort could have significant impacts on the bear population as they 

adjust to the loss of this food source. Recognizing how bears are using Russian olive within the 

monument is important for determining how bears will be impacted by this restoration effort, and 

how bear-human interactions may be impacted as well. Since bears do not necessarily limit their 

movements to within the boundaries of CACH, further insight into habitat use and movement 

patterns at the landscape level is important for predicting how they might respond to this change 

as well. 

I also focused a portion of this dissertation on evaluating the factors that influence 

stakeholder acceptance capacity for black bears, which plays a central role in contemporary 

wildlife management issues, including human-wildlife conflict (Carpenter et al. 2000). Current 

theory suggests that values, risk perception, trust in management agencies, perceptions of current 

populations, and knowledge of wildlife all influence how stakeholders determine acceptability of 

wildlife populations with which they live (Zinn et al. 2000; Carpenter et al. 2000). A more 

comprehensive understanding of how stakeholders formulate attitudes, evaluate risks and make 

acceptability judgments regarding wildlife not only can help direct management objectives, but 

also can drive public outreach initiatives and help mitigate potential wildlife conflicts as well. 

 In Chapter 1, I developed a fine-scale model of black bear habitat use in CACH using an 

occupancy modeling approach. I was particularly interested in assessing how bears were using 

exotic Russian olive habitat along riparian corridors in the monument compared to native 

habitats (i.e., conifer forests) and native food sources. Results from this analysis will provide 

insight into how ongoing restoration efforts in the monument could affect bear habitat use and 

human-wildlife interactions as bears adjust to the loss of this primary food source. Based on 

results from these models, I developed a predictive map of black bear habitat use within CACH. 
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 In Chapter 2, I assessed landscape-level habitat use and movement patterns of black bears 

across a wider area in northeastern Arizona using location data collected from GPS collars. 

Evaluating habitat use at a landscape level is important for “landscape generalists” such as black 

bears that require a wide range of vegetation and community types and encompass large areas 

within their daily movements (Rogers and Allen 1987; Harris and Kangas 1988). In this chapter, 

I examined how tree canopy cover, elevation, terrain ruggedness, roads, riparian corridors, and 

water sources impacted bear habitat use on a landscape scale. I also analyzed movement 

parameters such as hourly movement rates and turning angles to determine how the unique 

landscape structure and topography of this canyon system affects movements of bears in this 

region. 

 In Chapter 3, I evaluated the genetic variability and population structure of black bears in 

this region to understand how movement patterns and landscape features were structuring the 

population and to assess overall health and viability of the population. I examined genetic 

relatedness of individual bears and determined if bears were functionally one panmictic 

population or rather functioning as > 1 population as a result of barriers to gene flow. I also 

estimated effective population size, which provides an index of long-term viability and stability 

of the population. 

 In Chapter 4, I examined factors important in predicting stakeholder acceptance capacity 

for black bears. As interviews of local residents in CACH were prohibited, I used data from 

telephone interviews of 1,500 residents in Virginia to develop conceptual models of black bear 

acceptance capacity at both county and state levels. I explored factors such as risk perception, 

wildlife existence values, performance trust of state wildlife agencies, knowledge of bears, and 

perceptions of current and past populations, among others. Mediating relationships among 
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variables were identified as well, and implications for wildlife management agencies were 

addressed. 

 Results of this research are intended to provide a better understanding of black bear 

habitat use and ecology in this unique region, and shed light on how large-scale restoration 

efforts might impact non-target species. I also would hope to help managers anticipate potential 

changes in bear habitat use in response to the Russian olive removal, including possible changes 

in bear-human interactions. In addition, I hope to provide residents and visitors with a greater 

appreciation for this remarkable creature that plays an important role in the culture and traditions 

of this region. 
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Chapter 1: 

Using occupancy modeling to evaluate the potential impact  

of invasive species removal on native wildlife habitat use 

 

INTRODUCTION 

Restoration ecology is a vital component of conservation practice as management efforts 

shift from protecting uninhabited natural areas to recovering or restoring human-altered 

landscapes. Ecological restoration is a key mission of many agencies, including the National 

Park Service (Executive Order 13112); however, unintended consequences of restoration efforts 

are not well understood. These efforts often have wide-ranging and unexpected impacts on non-

target components of the ecosystem being restored (Zavaleta et al. 2001; Collins et al. 2008), and 

native species may be negatively affected by removal of exotic species that provide important 

ecosystem functions or facilitative roles in their new environments (D’Antonio 2002; Rodriguez 

2006). In addition, human-wildlife interactions can intensify as wildlife adjusts to newly restored 

landscapes and can potentially lead to conflict when wildlife is restored to areas where humans 

already exist. For example, wolf reintroduction in the United States has led to conflict through 

increased depredation of livestock (Treves and Karanth 2003). A holistic, ecosystem approach is 

necessary to thoroughly understand the potential impacts of restoration efforts on all components 

of the ecosystem (Zavaleta et al. 2001; Block et al. 2001). 

Canyon de Chelly National Monument (CACH) currently is undergoing a large-scale 

restoration effort to remove all of the invasive Russian olive (Elaeagnus angustifolia) and 

tamarisk (Tamarix ramosissima and T. chinensis) within the monument. Initially these species 

were introduced to protect farmsteads, ancient ruins, and rock art along the canyon bottom from 

flooding and erosion, but instead have significantly altered the hydrologic patterns in the canyons 

and negatively impacted the agricultural practices on which canyon residents rely. The 
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restoration effort is designed to re-establish the ecological and historical integrity of the riparian 

system, and to revive traditional farming practices within the monument. Although restoration of 

native habitats and stream conditions is beneficial in most cases (Zavaleta 2002), negative 

impacts on other components of the canyon ecosystem have not been fully considered and are 

not well understood. A number of native wildlife and plant species in the southwestern United 

States are known to rely on Russian olive and/or tamarisk habitat (Shafroth et al. 2005), and 

would be impacted if eradication efforts are not thoughtfully carried out and managed. For 

example, the endangered southwestern willow flycatcher (Empidonax traillii extimus) uses 

tamarisk for nesting, and removal of this species without active replacement with equally 

suitable native substitutes could negatively impact this species (Sogge et al. 2008). Moreover, 

black bears and other wildlife species use these altered riparian areas as foraging and breeding 

habitat, and black bears rely on Russian olive as a primary source of food in CACH (see 

Appendix A). Thus, removal of tamarisk and olive could negatively impact numerous species as 

they adjust to the loss of habitat and potential food sources. Additionally, there has been a long 

history of human-bear interactions in CACH, with bears raiding farmsteads and orchards in the 

canyons when crops and fruit are ripe. These interactions could potentially increase and become 

more problematic once olive is removed as a food source. 

 To better understand the impacts of an extensive exotic species removal project on 

wildlife, I evaluated the fine-scale habitat use of black bears in CACH using an occupancy 

modeling approach. This approach is generally used to determine the large-scale range and 

distribution of wildlife species, with the added advantage of having detection probabilities 

incorporated directly into the estimation procedure (MacKenzie et al. 2002, 2006). This helps 

eliminate potentially erroneous inferences based on false absences (e.g., where the species is 
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present but goes undetected). Occupancy models also can be used at smaller scales to determine 

landscape features that may be driving fine-scale habitat use within an animal’s home range 

(Nicholson and van Manen 2009; Sunarto 2011). My goal was to apply a fine-scale occupancy 

model to evaluate black bear habitat use within CACH, and determine the landscape and habitat 

features that most influence this use. This also allowed me to assess how bear habitat use and 

human-bear interactions may be affected following removal of Russian olive and tamarisk. Since 

habitat use by black bears is largely driven by food and cover (Reynolds and Beecham 1980; 

Grenfell and Brody 1986), and since bears are known to use Russian olive as a food source in the 

canyon, I predicted that presence of olive would be an important driver of habitat use by bears in 

CACH, and that subsequent removal could have substantial implications for bear habitat use and 

human-bear interactions. 

STUDY AREA 

Canyon de Chelly National Monument (CACH) spans 340 km2 in the heart of the Navajo 

Nation in northeastern Apache County, Arizona. The canyon system is incised into the northern 

portion of the Defiance Plateau and comprises 3 major canyons: Canyon de Chelly (43 km long), 

Canyon del Muerto (a northern tributary 29 km long), and Monument Canyon (a southern 

tributary 16 km long; Figure 1.1). This system sits on the western edge of the Chuska Mountains, 

with four tributaries draining into the canyon complex (Tsaile Creek on the northern del Muerto 

side, and Wheatfields, Whiskey, and Crystal Creeks on the de Chelly side). Chinle Wash drains 

both Canyon del Muerto and Canyon de Chelly. The mouth of the canyon in Chinle Wash sits at 

1680 m (5500 ft) with upper slopes reaching 2320m (7600 ft). Upstream canyon walls attain 

heights of 250-350 m (800-1200 ft), while the lower canyon is characterized by a wide (0.2-1.0 

km), flat, sandy wash with relatively low cliff walls (Rink 2005). Streamflow in the monument is 
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bimodal, with low-magnitude, longer duration flows from snowmelt occurring in late spring 

(~April-May), and short duration, high-magnitude flows from monsoon storms occurring in late 

summer (July-August; Jaeger and Wohl 2011). Lower stream reaches are generally dry between 

these 2 flow events. Precipitation averages approximately 24 cm per year in Chinle, with higher 

elevations receiving upwards of 30 cm (NPS 2005). 

Vegetation within the monument is quite diverse, ranging from desert scrub/grassland 

communities at lower elevations to ponderosa pine (Pinus ponderosa) forests at higher elevations 

(Rink 2005). Pinyon-juniper (Pinus edulis-Juniperus osteosperma) forests are the most extensive 

community type, with both the ratio of pinyon:juniper and overall cover increasing with 

elevation (Rink 2005). Upper canyon slopes contain box elder (Acer negundo), gambel oak 

(Quercus gambelii), mockorange (Philadelphus microphyllus), fendlerbush (Pendiera rupicola), 

Utah juniper, pinyon pine, and Douglas-fir (Pseudotsuga menziesii). Upper canyon bottomlands 

are dominated by box elder, birch (Betula occidentalis), alder (Alnus spp.), Rocky Mountain 

juniper (Juniperus scopulorum), gambel oak, and red-osier dogwood (Cornus sericea). Lower 

elevation slopes contain Utah serviceberry (Amelanchier utahensis), scrub oak (Quercus 

turbinella), Utah juniper, pinyon pine, mountain mahogany (Cercocarpus intricatus), cliffrose 

(Purshia stansburiana), narrowleaf yucca (Yucca angustissima), and banana yucca (Y. baccata). 

Lower elevation bottomlands are characterized by shrub-grassland communities containing 

saltbush (Atriplex spp.), Mormon tea (Ephedra viridis), snakeweed (Gutierrezia sarothrae), 

prickly pear and cholla cactus (Opuntia spp.), and rabbitbrush (Chrysothamnus spp.). Riparian 

areas within the monument have changed substantially over the past century, shifting from 

braided, shallow washes with minimal vegetation cover to deeply incised channels choked with 

non-native Russian olive and tamarisk (Reynolds and Cooper 2010). Native riparian vegetation 
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still remains dominant in the upper canyons and primarily consists of willow (Salix spp.) and 

Fremont cottonwood (Populus deltoides ssp. Wislizenii). 

METHODS 

Survey design 

 I employed an occupancy modeling approach (Mackenzie et al. 2006) to assess how 

black bears use habitat within the canyon system of CACH, particularly riparian areas dominated 

by Russian olive. I divided the monument east of the main canyon junction into 500 m stream-

length segments (sites) and randomly selected ~45% (n = 62) of these to conduct sign surveys for 

bears. Given the highly linear, dendritic nature of the CACH landscape, this sampling scheme 

allowed removal of some of the spatial dependence in the data. Additionally, initial surveys 

completed on canyon rims resulted in no detection of bear sign, thus I focused only within the 

canyon for actual surveys.  

My study design was intended to capture third-order habitat selection (Johnson 1980), or 

finer-scale, within-home range habitat use by bears. Because sites are unlikely to be permanently 

occupied at this scale (given 500 m is much smaller than a typical bear home range), I interpreted 

ψ as probability of fine-scale habitat use rather than the more common interpretation of 

probability of occupancy. This approach is essentially equivalent to calculating a resource 

selection function (RSF; Boyce and McDonald 1999), though incorporating detection 

probabilities into these functions has the advantage of producing less biased estimates of 

probability of use (MacKenzie et al. 2002). 

I conducted surveys 3 times at each site between late May and early August 2008 and 

used global positioning system (GPS) units to determine start- and endpoints of surveys. Surveys 

were conducted ~30 days apart with searches for tracks and scats along all areas of the canyon 
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bottom with slope < 18%. Efforts focused on stream channels, forest trails, and roads that were 

most likely to contain bear sign and maximize detection rates and survey efficiency. I recorded 

the date of collection, GPS location, type of sign (scat or track), and general habitat type 

(riparian, forest, shrub) for all sign > 20 m apart. 

Model variables 

 I carefully selected a combination of landscape-derived and manually-collected habitat 

variables to evaluate in models of black bear habitat use in CACH. First, I used a Geographic 

Information System (GIS) to extract landscape variables thought to influence black bear habitat 

use. These included habitat type, elevation, and distance to water. I used the Vegetation 

Classification and Distribution Map for Canyon de Chelly (Thomas et al. 2010) to delineate the 

proportion of 4 major habitat types within each survey area. These included mixed conifer 

(conifer), shrub/grassland (shrub), olive (olive), and human farmsteads and orchards (human). 

Mean elevation (elev) along the 500 m stream segments was derived from a 30 m digital 

elevation model (DEM). I calculated the distance from the nearest permanent water source (i.e., 

spring) to the centroid of each survey site (water). Springs were located using the National 

Hydrologic Dataset (NHD). 

Second, I collected vegetation data manually throughout the canyon to determine tree 

density (potential escape cover for bears) and native bear food availability, which is predicted to 

influence habitat use by bears in CACH. I collected point-quarter data (Pollard 1971) and percent 

cover of known bear foods at 226 point locations within surveyed areas. Locations were 

stratified by habitat type, with roughly 55% of points in mixed conifer stands (n = 126), 22% of 

points in grassland/shrub areas (n = 49), and 23% of points in Russian olive stands (n = 51). 

Vegetation sampling was omitted in farmstead areas since these areas do not provide escape 
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cover or native food for bears. Tree density and food cover in these areas were assumed to be 

zero for purposes of this analysis, though use of these areas was still captured in the human 

habitat variable described above. At each sampling point, I estimated the percent cover of all 

native bear foods (see Table 1.1 for a complete list) in a 10x10 m plot using 7 categorical cover 

scores – 1 = 1-5%, 2 = 6-15%, 3 = 16=25%, 4 = 26-50%, 5 = 51-75%, 6 = 76-95%, and 7 = 96-

100% cover (Daubenmire 1959). Data from plots in each habitat type were pooled, and 

midpoints of each cover category were used to calculate an average percent cover for each food 

in each habitat type. To estimate tree density, I measured the distance to the nearest tree (> 3 cm 

DBH) in each quarter of the 10x10 m plot, noted the species, and measured its DBH. Tree 

density was then calculated as: 
)(

)14(4
2

)4(

ijr

n
T Σ

−
=

π
(Pollard 1971), where n is the number of plots 

sampled and rij is the distance to the ith tree in the jth plot. Again, data from plots in each habitat 

type were pooled, and an average tree density was estimated for each habitat type. I used the 

proportions of each habitat type in each site to calculate an overall tree density (tree_dens) and % 

food cover (food) for each site (again, using zero for tree density and % food cover in farmstead 

(human) areas). 

Analysis 

I tested for significant differences in habitat variables between occupied (or used) and 

unoccupied (unused) sites using 2-sample t-tests (Zar 1998). I also examined correlation among 

all variables used in model development to avoid using highly correlated variables (Pearson’s |r| 

> 0.7) in the same model. When correlation among variables was high, I removed the variable 

from consideration or modeled these variables separately. 

I used a single-season occupancy model in Program PRESENCE 3.1 (Hines 2006) to 

estimate fine-scale habitat use (ψ) while accounting for uncertainties in detection probabilities 
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(p). I modeled ψ as a function of the 8 site variables discussed above, focusing on the influence 

of food availability (olive and food), escape cover (tree_density, conifer, shrub), distance to 

spring (water), human-use areas and farmsteads (human), and elevation (elev). Tree density, 

distance to water, and elevation were scaled by calculating z-scores prior to analysis. I initially 

built 8 univariate models to determine how well each variable predicted occupancy individually. 

I then developed multivariate models using all combinations of the hypotheses mentioned above 

(excluding correlated variables), which resulted in a total of 23 models of occupancy probability. 

Finally, I modeled the effect of survey session (June, July, or August; survey) as a sampling 

variable, the area of sites sampled (area), and the additive combination of the 2 as variables on 

detection probabilities, adding 3 additional models to the set. All models were evaluated using 

Akaike’s Information Criteria (AIC) to determine the relative support of all models (Akaike 

1973; Burnham and Anderson 2002). The model with the lowest AIC value was considered the 

“best” model in terms of balancing the number of parameters used (parsimony) and goodness of 

fit to the actual data. I considered models with ∆AIC values ≤ 2.0 to be strongly supported by the 

data, and models with 2 < ∆AIC < 4 to be moderately supported (Burnham and Anderson 2002). 

I also examined the untransformed estimates of variable coefficients (β) to determine the degree 

and direction of the effect of each variable on probability of habitat use by black bears. I 

considered variables with 95% confidence limits (calculated as  ± 1.96 x SE) not overlapping 

zero to have a strong impact on ψ. 

Development of predictive map of fine-scale habitat use by black bears 

Once the model selection process was complete, I used the top model based on AIC to 

develop a predictive map of black bear habitat use across the entire monument. Variable values 

for all 500 m sites, surveyed and unsurveyed, were extracted, as discussed above, and probability 
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of use for each site was calculated using the formula: 
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= , where ψi = the probability of (habitat) use for the 

ith sampling unit, xi = the value for the variable u measured at the ith sampling unit, βi = the 

regression coefficient that determines the size of the effect of the respective variables (obtained 

from the top model selected in this case), β0 = the intercept term, i = the number of sampling 

units or sites, and u = the number of variables entered into the model. I then used these values to 

generate a spatially explicit map of black bear habitat use within CACH using ArcGIS 9.3 

(Environmental Systems Research Institute, Inc., Redlands, California). 

RESULTS 

 Black bears were detected at 35 of 62 sites (naïve ψ = 0.56) during summer 2008. Used 

sites had significantly higher proportions of food cover (t = -2.16, p = 0.035) than unused sites. 

Used sites also were slightly though not significantly higher in elevation (t = -1.06, p = 0.292) 

and farther from water (t = -0.95, p = 0.035), and had higher tree density (t = -1.65, p = 0.105) 

and proportion of olive (t = -0.83, p = 0.407) and mixed conifer habitat (t = -0.67, p = 0.504). 

Used sites also had slightly though not significantly lower proportions of farmsteads/human 

areas (t = 1.57, p = 0.121) and shrub cover (t = 0.92, p = 0.363; Figure 1.2). 

 Analyses revealed that conifer was highly correlated (Pearson’s |r| > 0.7) with both 

tree_dens and shrub, and food was highly correlated with tree_dens. I thus dropped conifer for 

use in all models, and modeled food availability (food + olive) and escape cover (tree_dens) 

separately. 

 All models with strong or moderate support (∆AIC < 4) included percent native food 

cover and proportion of olive habitat as important predictors of black bear habitat use (ψ; except 

for the univariate food cover model; Table 1.2). Beta coefficients indicated that bears were 
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positively selecting for areas with higher food cover and proportion of olive habitat. The 95% 

confidence limits for food did not overlap zero, and just barely overlapped zero for olive (Table 

1.3). Models that included either distance to water, proportion of farmsteads, or elevation in 

addition to food and olive had strong support (∆AIC < 2), but confidence limits for these 

additional variables substantially overlapped zero (Table 1.3). Univariate models and models 

including tree density had considerably less support, with the exception of the univariate food 

cover model. The univariate olive model received lower support than most other univariate 

models. Beta coefficients indicated that probability of habitat use increased with higher tree 

density, higher elevation, and a larger distance to water as well (Table 1.3). The relationship 

between proportion of farmsteads/human areas and habitat was unclear in model results, 

although more supported models suggested a positive relationship with these areas and bear 

habitat use, while less supported models, including the univariate model, suggested a negative 

relationship. Again, raw data based on naïve probability of use showed slightly lower 

proportions of farmsteads on used sites compared to unused sites (Figure 1.2). Models 

incorporating sampling area (area) and survey session (survey) into the detection probability 

parameter had virtually equal model support (∆AIC < 1) as models that held detection 

probabilities constant (Table 1.2). 

 The predictive map of bear use throughout the entire canyon (Figure 1.3) suggests that 

bears use areas in the upper canyons of CACH more readily than areas in the lower portions (i.e., 

west of Spider Rock in Canyon de Chelly and west of Mummy Cave in Canyon del Muerto). 

Probability of habitat use in these lower canyon areas did not exceed 40%, while probability 

predictions in portions of the upper canyons were as high as 80%. 

DISCUSSION 



 16 

 Understanding how black bears utilize habitat within CACH is critical for effective 

management of this population and, more importantly, for managing and preventing negative 

bear-human interactions in the monument. Habitat-use models developed in this study suggest 

that black bear habitat use in the canyon system is being driven primarily by native food cover 

and Russian olive (non-native food). This is consistent with other studies of black bear habitat 

use that have determined that black bear habitat selection is strongly tied to food availability 

(Reynolds and Beecham 1980; Grenfell and Brody 1986). Garshelis and Pelton (1981) and 

Horner and Powell (1990) also showed that movements and habitat use by black bears are 

strongly influenced by seasonal food availability. Furthermore, previous research has found that 

reproductive success and territoriality in black bears is strongly linked with nutritional condition 

and food availability (Jonkel and Cowan 1971; Rogers 1976). In contrast to this study, Mollohan 

et al. (1989) and LeCount and Yarchin (1990) concluded that escape cover was more important 

than food availability to black bears in central Arizona in selecting habitat. Although I did find a 

positive relationship between tree density and probability of use, confidence limits on the effect 

size overlapped zero, and results from the models suggest that food availability is the much 

stronger driver of habitat selection by black bears in CACH (Table 1.3). 

Variables other than native food cover and Russian olive tested in the models were not 

strong predictors of habitat use by bears in CACH. However, model results still showed a 

consistently positive relationship between habitat use and tree density and habitat use and 

proportion of mixed conifer habitat. Thus, escape cover and forest habitat still remain important 

factors in black bear habitat selection in CACH after food availability. Raw data support this 

relationship, with used sites having somewhat higher tree density and proportion of mixed 

conifer habitat (Figure 1.2). There also was a consistently positive relationship between habitat 
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use and distance to water. It is surprising that bears would select areas farther from permanent 

water sources, but could simply indicate that water is not a critical concern for black bears in 

CACH. Permanent water sources are well distributed across the landscape and are easily 

accessible to such a highly mobile animal. Selection of higher elevation habitats likely is a result 

of more native food sources, less human activity, and more forested areas at these elevations. It 

is worthy to note, however, that most of the Russian olive in CACH does occur at lower 

elevations. Thus, selection of these olive habitats may be tempered by increased presence of 

human areas and/or less escape cover in these areas. Finally, inconsistent relationships between 

habitat use and human areas suggest that these areas do not form a key component of bear habitat 

in CACH. Nevertheless, data from GPS collars (see Chapter 2) and complaints from residents of 

bears raiding orchards and crops do indicate that bears use these areas, particularly in the 

summer. Results from models, however, would suggest that this use is coincidental with 

availability of olives in adjacent areas rather than bears actively seeking out farmsteads and 

orchards. 

The finding that both native food and Russian olive are driving habitat selection by bears 

in CACH has important implications for ongoing efforts to eradicate Russian olive in the 

monument. Namely, bear-human interactions have the potential to increase over the short-term 

as Russian olive is removed and bears adjust to the loss of this food source. Additionally, if 

native food sources are in high enough density within the canyons as results from this study 

suggest, bears will remain in the landscape once restoration is complete and bear-human 

interactions are likely to continue. Encouragingly, results show that bears use areas with 

significantly lower proportions of farmsteads, indicating they may be avoiding interactions with 

humans altogether. The predictive map of bear occupancy (Figure 1.3) and personal observations 
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also suggest that bears are utilizing upper canyons more frequently than lower canyons, thereby 

avoiding areas where the majority of human activity and farmsteads are located. Furthermore, 

there is significantly more native food available in the upper canyons compared to the lower 

canyons (personal observation), thus olive removal in the lower canyons could drive bears 

further into the upper canyons and away from human activity over the long term. 

 LeCount et al. (1984) found that substantial variation in slope, aspect, and elevation in 

central Arizona created a diverse mosaic of habitat types, vegetation associations, and food 

sources for bears to exploit, thus preventing periodic food shortages faced by bears in other parts 

of North America. This is likely the case in northeastern Arizona as well, where riparian areas, 

ponderosa/oak forests, and pinyon/juniper forests all provide a diverse and consistent food 

supply for bears to exploit throughout the year. This suggests, as do the model results, that bears 

may be able to adapt to the loss of Russian olive in CACH over the long term. Managers still 

should be aware that human-bear interactions may increase over the short-term, however, 

depending on the rate of olive removal and the rate at which bears respond to the change in their 

habitat. 

Sampling in this study was limited to the summer season, thus inferences must be 

restricted to summer habitat use by bears. It is possible that use of lower elevation riparian areas 

would increase during the fall as availability of ripe Russian olive fruits increases. Conversely, 

hard mast production of oak trees in the fall could increase use of higher elevation mixed conifer 

forests during this time as well. Sampling also was limited to areas within the canyons with < 

18% slope, and inferences cannot be made as to how bears are using rim areas and steeper 

canyon walls. Evidence from GPS collars (see Chapter 2) suggest that bears consistently access 

the stream channel and canyon bottoms for foraging and travel corridors within CACH, and sign 
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surveys were unlikely to miss a bear that was within the canyon during this period. I conducted 

over 25 km of sign surveys on rim areas above CACH and found no sign of bears, suggesting 

limited use of these areas by bears. GPS collar data, however, clearly show significant use of 

higher elevation, densely forested rim areas south of CACH (see Chapter 2). These areas 

probably provide adequate cover and food (e.g., juniper berries), but most rim areas, particularly 

at lower elevations, are likely too sparsely vegetated to provide sufficient food and cover for 

bears. 

Spatial autocorrelation of sampling sites is another unavoidable limitation in this study 

due to the highly linear nature of the canyon system. GPS collar data indicate that bears easily 

traverse the length of an entire canyon in a matter of days, creating a scenario where presence in 

one area of a given canyon is highly correlated to presence in other canyon areas. Hines et al. 

(2010) developed occupancy models designed to deal with this type of spatial correlation in 

detection probability, but sample size (n = 3 canyons) limited my ability to use these models. 

Instead, I randomly subsampled 45% of potential survey sites for final analyses with the aim of 

reducing spatial autocorrelation as much as possible. This provided the best option for dealing 

with spatial autocorrelation given the spatial constraints of the study area. 

CONCLUSIONS AND MANAGEMENT IMPLICATIONS 

The large-scale removal of Russian olive within the monument is likely to have 

substantial impacts on the bear population in 2 ways. First, human-bear interactions may 

continue or temporarily increase as bears adjust to the loss of this food source over the short 

term. Second, use of the canyons by bears may decline substantially over the long-term as 

riparian areas shift from having substantial food and cover from Russian olive to native riparian 

habitats that are more open and less productive in terms of bear foods. Bears likely will continue 
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to use upper canyons at higher elevations given the higher level of native foods available in these 

areas, though further study is needed to determine more specifically how population size and 

other demographic rates (e.g., survival, reproduction) will be impacted by the olive removal. 

Specific insight into how black bears are using the canyon, including movement patterns 

and use of human areas is still somewhat limited. Future research should investigate how bears 

are moving into and out of the canyons and how they are utilizing various areas, including 

canyon walls and rims (but see also Chapter 2). Findings from this research suggest that an 

occupancy approach for determining habitat use is effective in predicting how species may 

respond and adapt to large-scale landscape changes, including restoration efforts and impacts 

from processes such as climate change. This approach provides a relatively cost-effective means 

of assessing these impacts and determining how they will affect the ecosystem as a whole. 
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Figure 1.1. Map of Canyon de Chelly National Monument (CACH) and surrounding areas. Monument boundary is designated by bold 
black line. 
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Figure 1.2. Comparison of habitat variable distributions of survey sites used and unused by bears 
in Canyon de Chelly National Monument (CACH) during 2008. Significant differences indicated 
by ** (p < 0.05).
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Figure 1.3. Predictive map of probability of black bear habitat use in Canyon de Chelly National Monument, Arizona. 
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Figure 1.3. continued. 
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Figure 1.3. continued. 
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Table 1.1. List of bear foods recorded in vegetation sampling plots. 
 
Common name  Scientific name__________________ 
 
Gambel oak   Quercus gambelii 

Prickly pear   Opuntia spp. 
Cholla    Opuntia spp. 
Yucca    Yucca spp. 
Juniper    Juniperus osteosperma 
Pinyon    Pinus edulis 
Sumac    Rhus trilobata 

Serviceberry   Amalanchier utahensis 

Gooseberry   Ribes spp. 

Scrub oak   Quercus turbinella 

Creeping barberry  Berberis repens 

Canyon grape   Vitis arizonica 

Common chokecherry  Prunus virginiana 

Bitter cherry   Prunus emarginata                             _
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Table 1.2. Occupancy modeling results including AIC, change in AIC (∆AIC ), model weight 
(wi), model likelihood, and the number of parameters (k) for black bears in Canyon de Chelly 
National Monument during summer 2008. 
 

Model AIC ∆ AIC wi Likelihood k 

psi(food+olive),p(.) 218.63 0 0.16 1 4 

psi(food+olive),p(area) 218.97 0.34 0.14 0.84 5 

psi(food+olive),p(survey) 219.02 0.39 0.13 0.82 6 

psi(food+olive),p(survey+area) 219.15 0.52 0.13 0.77 7 

psi(food+olive+water),p(.) 220.44 1.81 0.07 0.40 5 

psi(food+olive+human),p(.) 220.54 1.91 0.06 0.38 5 

psi(food+olive+shrub),p(.) 220.54 1.91 0.06 0.38 5 

psi(food+olive+elev),p(.) 220.59 1.96 0.06 0.38 5 

psi(food),p(.) 222.29 3.66 0.03 0.16 3 

psi(food+olive+water+human),p(.) 222.35 3.72 0.03 0.16 6 

psi(food+olive+water+elev),p(.) 222.43 3.80 0.02 0.15 6 

psi(food+olive+elev+human),p(.) 222.50 3.87 0.02 0.14 6 

psi(tree_dens),p(.) 223.98 5.35 0.01 0.07 3 

psi(human),p(.) 224.48 5.85 0.01 0.05 3 

psi(.),p(area) 224.52 5.89 0.01 0.05 3 

psi(.),p(survey+area) 224.75 6.12 0.01 0.05 5 

psi(.),p(.) 225.07 6.44 0.01 0.04 2 

psi(.),p(survey) 225.50 6.87 0.01 0.03 4 

psi(tree_dens+human),p(.) 225.53 6.90 0.01 0.03 4 

psi(elev),p(.) 225.86 7.23 0.00 0.03 3 

psi(tree_dens+elev),p(.) 225.89 7.26 0.00 0.03 4 

psi(tree_dens+water),p(.) 225.91 7.28 0.00 0.03 4 

psi(tree_dens+shrub),p(.) 225.98 7.35 0.00 0.03 4 

psi(shrub),p(.) 226.20 7.57 0.00 0.02 3 

psi(water),p(.) 226.21 7.58 0.00 0.02 3 

psi(olive),p(.) 226.44 7.81 0.00 0.02 3 

psi(conifer),p(.) 226.56 7.93 0.00 0.02 3 

psi(tree_dens+water+human),p(.) 227.42 8.79 0.00 0.01 5 

psi(tree_dens+elev+human),p(.) 227.50 8.87 0.00 0.01 5 

psi(tree_dens+water+elev),p(.) 227.86 9.23 0.00 0.01 5 
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Table 1.3. Beta estimates and standard errors (SE) for the top model and univariate models for 
each variable used to describe habitat use of black bears in Canyon de Chelly National 
Monument during summer 2008. 
 
 

Model β SE β SE 

psi(food+olive),p(.) 7.726 2.81 5.360 2.75 

     

psi(food),p(.) 4.631 2.43   

     

psi(tree_dens),p(.) 0.235 0.16   

     

psi(human),p(.) -3.383 2.17   

     

psi(elev),p(.) 0.780 0.44   

     

psi(shrub),p(.) -0.922 1.00   

     

psi(water),p(.) 0.107 0.12   

     

psi(olive),p(.) 1.290 1.67   

     

psi(conifer),p(.) 0.622 0.90     
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Chapter 2: 

Landscape-level habitat use and movement patterns of black bears in northeastern Arizona 
 
INTRODUCTION 
 

Understanding how animals utilize and move about their environment to acquire 

resources necessary for survival and reproduction is critical for proper wildlife management 

(Krebs 1978; Schoen 1990). Wildlife habitat use generally is explained across a hierarchy of 

spatial scales, including more general use at the landscape-level (2nd order habitat selection) and 

fine-scale use within an animal’s home range (3rd order habitat selection; Johnson 1980). While 

information regarding fine-scale habitat use can be useful in addressing certain management 

questions (see Chapter 1), a broader understanding of landscape-level selection may be more 

appropriate for wide-ranging habitat generalists such as the black bear (Ursus americanus; 

Schoen 1990). 

Black bears have been categorized as “landscape species” or landscape generalists, 

meaning their habitat requires a range or mosaic of interspersed vegetation and community types 

(Rogers and Allen 1987; Harris and Kangas 1988; Maehr et al. 2001). As omnivores, bears rely 

on a number of different food sources that vary geographically and seasonally based on 

vegetation structure and plant phenology (Young and Beecham 1986; Rogers 1987). Although 

highly adaptable to a variety of habitat conditions, black bears must range over large areas in 

order to meet all of their resource requirements. Thus, bears regularly exhibit large variations in 

seasonal and annual home ranges and extensive movements in response to seasonal food 

availability and occasional mast failures (Beeman and Pelton 1980; Rogers 1987). 

In addition to food resources, forest cover, water, topography, and presence of roads have 

all been shown to influence habitat use by black bears. Much of the literature on black bear 

habitat use suggests that large, interconnected forest systems are the most important landscape 
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features that explain the presence of black bear populations (Maehr et al. 2001). Forested areas 

provide many other resources required by black bears, including thermal cover and escape from 

humans and other disturbances (Lindzey and Meslow 1977; Mollohan et al. 1989; Rogers 1993). 

Although water may limit bear populations in certain regions during certain times, it is unlikely 

to regulate populations except through secondary effects on the availability of food resources 

(Rogers 1993). In many cases, however, black bears use riparian features as movement corridors 

and productive foraging areas (Mollohan and LeCount 1989; Rogers 1993; Lyons et al. 2003). 

Similarly, topography impacts cost of travel for animals (Stamps 1995), with bears orienting 

their home ranges around major topographic features (Powell and Mitchell 1998). Although 

bears are known to use valley bottoms, riparian corridors, and even roads as efficient travel 

routes (Young and Beecham 1986; Mollahan et al. 1989; Hellgren et al. 1991; Stratman et al. 

2001), they also are known to prefer areas with steep slopes (LeCount and Yarchin 1990; Powell 

and Mitchell 1998). Numerous studies also have documented avoidance of roads by bears (Brody 

and Pelton 1989; Kasworm and Manly 1990; Reynolds-Hogland et al. 2007) and increased 

mortality of bears near roads (Pelton 1986; Brody and Pelton 1989). 

Movement parameters are good indicators of how animals are using the landscape in 

which they live as well. Understanding movement patterns can provide keen insight into 

fundamental behavioral processes such as foraging, reproduction, and dispersal (Etzenhouser et 

al. 1998; Zollner and Lima 1999; Mitchell and Powell 2004) as these patterns are influenced by 

resource abundance and distribution (Zollner and Lima 1999; Bailey and Thompson 2006). For 

example, faster movement rates and smaller turning angles (i.e., straight-line travel) might 

indicate widely and variably distributed food resources, with animals attempting to minimize 

search time between productive patches (Kareiva and Odell 1987). Landscape structure, 
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including topography, vegetation structure, riparian areas, and road networks also have been 

shown to influence movement parameters (Dickson et al. 2005; Linke et al. 2005; Coulon et al. 

2008). The linear nature of riparian corridors and roads generally increases movement rates and 

decreases turning angles as animals move linearly along these passages. Movement rates and 

home range size of black bears also have been shown to increase during the fall when bears 

become hyperphagic (Garshelis and Pelton 1981; Beck 1991; Costello 2001) and decrease for 

females with cubs during the spring (Lindsey and Meslow 1977; Powell et al. 1997). 

Little is known about black bear populations in Arizona, particularly on the Navajo 

Nation. LeCount et al. (1984), Mollahan (1987), and LeCount and Yarchin (1990) conducted 

habitat use studies of black bears in the central part of the state > 20 years ago, but habitat 

composition is strikingly different in this part of the state and results of these studies cannot 

easily be transferred. Canyon de Chelly National Monument (CACH), the Chuska Mountains 

(Chuskas), and the intervening landscape provides a functional mosaic of food resources and 

forest cover for black bears, including pinyon/juniper (Pinus edulis-Juniperus osteosperma) 

forests, higher elevation ponderosa pine (Pinus ponderosa) forests, and lower elevation riparian 

and grassland areas (Rink 2005). In addition, this region is characterized by unique topography 

that I hypothesized would explain bear movement to a large extent. My objective with this study 

was to characterize landscape-level (2nd order) habitat use by black bears in northeastern Arizona 

and examine intradiel and seasonal differences in habitat use and movement patterns of bears 

across this landscape. I captured and fitted black bears with global positioning system (GPS) 

collars and used the location data to develop a resource selection function explaining habitat use 

of bears in this landscape. I also examined movement parameters such as distance, movement 
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rate, and turning angles to evaluate how bears were utilizing the habitat mosaic across the 

landscape and the unique topography of the area. 

STUDY AREA 

Bears for this study were captured in CACH, but all bears utilized a larger portion of the 

surrounding landscape. CACH spans 340 km2 in the heart of the Navajo Nation in northeastern 

Apache County, Arizona, USA (Figure 1.1). The canyon system is incised into the northern 

portion of the Defiance Plateau and its canyons were cut by streams with headwaters in the 

nearby Chuska Mountains. The Chuska range is relatively small (~80 x 15 km) and lies directly 

on the border between Arizona and New Mexico, USA. Average elevation is 2740 m (8990 ft), 

with the highest peak at 2994 m (9823 ft). The mouth of the CACH sits at 1680 m (5500 ft), with 

upper slopes reaching 2320 m (7600 ft). Upstream canyon walls attain heights of 250-350 m 

(800-1200 ft), while the lower canyon is characterized by a wide (0.2-1.0 km), flat, sandy wash 

with relatively low cliff walls (Rink 2005). The 3 main canyons include Canyon de Chelly (43 

km long), Canyon del Muerto (a northern tributary 29 km long), and Monument Canyon (a 

southern tributary 16 km long). Four main tributaries drain into the canyon complex: Tsaile 

Creek on the northern, del Muerto side, and Wheatfields, Whiskey, and Crystal Creeks on the 

southern, de Chelly side. Chinle Wash drains both Canyon del Muerto and Canyon de Chelly. 

Stream flow in these tributaries is bimodal, with low-magnitude, longer duration flows from 

snowmelt occurring in spring (~April-May), and short duration, high-magnitude flows due to 

monsoon storms occurring in late summer (July-August; Jaeger and Wohl 2011). Lower stream 

reaches are generally dry between these 2 flow events. Precipitation averages approximately 24 

cm per year in Chinle on the western edge of CACH, with higher elevations in the monument 
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receiving upwards of 30 cm (NPS 2005), and even higher elevations in the Chuskas receiving 51 

cm (Novak 2007). 

Vegetation across this landscape is very diverse, ranging from desert scrub/grassland 

communities, pinyon-juniper (Pinus edulis-Juniperus osteosperma), ponderosa pine (Pinus 

ponderosa), Douglas fir (Pseudotsuga menziesii) and aspen (Populus tremuloides), and small 

areas of spruce fir (Picea engelmannii) forest as elevations increase (Novak 2007). Pinyon-

juniper forests are the most extensive community type, with both the ratio of pinyon:juniper and 

overall cover increasing with elevation (Rink 2005). Native bear foods are abundant across the 

landscape and include pinyon pine, Utah juniper, gambel oak (Quercus gambelii), Rocky 

Mountain juniper (Juniperus scopulorum), Utah serviceberry (Amelanchier utahensis), scrub oak 

(Quercus turbinella), narrowleaf yucca (Yucca angustissima), banana yucca (Y. baccata), and 

prickly pear and cholla cactus (Opuntia spp.). Riparian areas across this landscape have changed 

substantially over the past century, shifting from wide open washes with minimal vegetation 

cover to deeply incised channels choked with non-native Russian olive and tamarisk (Reynolds 

and Cooper 2010). Native riparian vegetation still remains dominant in the upper canyons of 

CACH and primarily consists of willow (Salix spp.) and Fremont cottonwood (Populus deltoides 

ssp. Wislizenii). 

METHODS 

Bear capture and telemetry 

 I captured bears in CACH in 2008 and 2009 using Aldrich foot snares and culvert traps 

(Johnson and Pelton 1980). Trapping occurred from mid-June to late July both years. I sedated 

captured bears with a mixture of ketamine hydrochloride and xylazine hydrochloride (200:100 

mg/ml; 1ml/45.5kg; White et al. 1996) delivered via dart pistol or jabstick. Once bears were 
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sedated, I determined sex, reproductive status, and body condition. I attempted to weigh all bears 

to the nearest kg, and bears > 40kg and < 150kg were fitted with GPS collars (3300S, Lotek 

Wireless, Inc., Newmarket, Ontario, Canada) equipped with breakaway cotton spacers (Hellgren 

et al. 1988). Collars were programmed to record locations every 5 hours. Data could be remotely 

downloaded from these collars as needed. I also placed tattoos on each bear’s upper lip and took 

standard morphological measurements. Capture and handling procedures followed guidelines set 

out by the American Society of Mammalogists (Gannon et al. 2007) and was approved by the 

Animal Care and Use Committee at Virginia Tech (IACUC protocol #08-056-FIW). 

Habitat data and variables 

 I extracted 6 landscape level habitat variables from a geographic information system 

(GIS) and evaluated these variables across the entire landscape, representing 2nd order habitat 

selection of bears (Johnson 1980). I defined landscape for this study by calculating a 100% 

minimum convex polygon (MCP) from all bear locations collected during the study. I obtained 

tree canopy cover data from the United States Geological Survey National Land Cover Database 

(USGS NLCD) Zone 24 Tree Canopy Layer (Homer et al. 2004). Topographic data (i.e., 

elevation) were obtained from a digital elevation model (DEM) from the National Elevation 

Dataset (NED; Gesch et al. 2002), along with terrain ruggedness, which I calculated from the 

DEM using a vector-ruggedness measure (VRM; Sappington et al. 2007). The U.S. Department 

of Commerce Census Tiger/LINE database (US Census Bureau 2000) was used to determine 

road networks across the study area. Finally, hydrologic data (streams and springs) were 

obtained from the USGS National Hydrography Dataset (Simley and Carswell 2009). As most 

streams in this region are generally dry throughout most of the year (Reynolds and Cooper 
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2010), this variable was used as a surrogate for energetically efficient travel and foraging 

corridors, which I predicted would be used preferentially by bears. 

Sampling design 

I used a Design II use-availability sampling design (Thomas and Taylor 1990) to evaluate 

habitat use of bears across the landscape. I defined habitat use for all bears using GPS collar 

locations from all bears and availability by selecting the same number of random points across 

the landscape. I then extracted values for tree canopy cover, elevation, and VRM at each of the 

used and available locations without buffering. Pixel size of 30m for each of these layers 

accounted for possible error in spatial locations. I measured distance to nearest road, nearest 

spring, and nearest 4th order or higher stream for all used and available points within the GIS. I 

compared a use vector of all variables (mean ± 95% CI) to the landscape-level availability vector 

to characterize differences in used and available locations. I also separated daytime (07:00-

18:59) and nighttime (19:00-06:59) locations to evaluate intradiel differences in habitat use. I 

also evaluated seasonal differences (spring = den emergence – 21 June; summer = 21 June – 31 

August; fall = 1 September – den entry) in habitat use for each bear tracked in multiple seasons 

(1F:1M). Due to spatial autocorrelation in these data, tests for significant differences were not 

carried out. 

Habitat modeling 

 I initially evaluated each predictor variable using simple logistic regression, assessing 

significance in predicting black bear habitat use with a Wald χ2 statistic. Only significant 

variables were considered in further analyses. Since data from GPS telemetry locations tend to 

be spatially autocorrelated, I used a cluster-correlated form of the Huber-White-sandwich 

estimator to calculate robust standard errors for these estimates (Clark and Stevens 2008). I also 
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tested for multicolinearity among predictor variables using Pearson correlation coefficients to 

avoid using highly correlated variables (|r| > 0.7) in the same models. For final habitat use 

analyses, I used generalized-linear-mixed-models (GLMMs), or random-effects models, which 

have been shown to handle the inherent variation in habitat selection among individual animals 

(i.e., random effects), and can correctly adjust parameter estimates to account for spatial 

autocorrelation and unbalanced sampling among animals (Gillies et al. 2006; McLoughlin et al. 

2010). The dependent variable was binomially distributed as zero (available locations) or one 

(used locations), and probability of use, w*(x), was modeled as: 
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=∗ , where β0 is the mean intercept, βn are 

the fixed-effect coefficients for variables xn, and γ0j  is the random intercept. As maximum-

likelihood estimates for GLMMs are fit using only a restricted pseudo-likelihood, I was unable to 

use an information-theoretic approach for model selection. Instead, I compared results from 

fixed-effects-only models (removing the random effect and thus allowing true likelihood 

estimation) and selected best-fitting models based on these estimates. All analyses were carried 

out in SAS 9.2 (SAS Institute, Inc.). 

Movement parameters 

I calculated mean daily and total distances moved by bears over the entire study, mean 

hourly step lengths, turning angles, and direction of movements to examine how bears were 

moving across the landscape. I separated daytime (07:00-18:59) and nighttime (19:00-06:59) 

locations to evaluate intradiel differences in these patterns. I also evaluated seasonal differences 

(spring = den emergence – 21 June; summer = 21 June – 31 August; fall = 1 September – den 

entry) in movement parameters for each bear tracked in multiple seasons (1F:1M). Again, due to 

spatial autocorrelation in these data, tests for significant differences were not carried out. 
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RESULTS 

Bear capture and telemetry 

 I included telemetry data from 4 (1F:3M) adult bears captured during 2008 and 2009, 

which included 1,071 locations available for analysis. Mean (± SE) number of locations per bear 

was 268 ± 15 (range = 24 – 509 locations). Mean (± SE) monitoring interval for all bears was 

157 ± 7 days (range = 11-340). Average fix interval (± SE) between locations for all bears was 

7.7 ± 0.196 hours. 

Sampled location statistics 

There were substantial differences in landscape characteristics used by bears compared to 

the overall composition of the landscape (Figure 2.1). Relative to availability across the entire 

landscape, bears selected areas with higher tree canopy cover and terrain ruggedness (VRM), 

farther from streams, closer to roads, and at lower elevations. Bears used areas slightly closer to 

springs. During the day, bears also used areas with higher tree canopy cover and ruggedness, as 

well as areas farther from roads and streams. No differences were found in elevation or distance 

to springs between nighttime and daytime locations (Figure 2.2). The 2 bears tracked in multiple 

seasons selected higher canopy cover and higher elevations during spring and fall compared to 

summer. They also used areas closer to springs and with higher ruggedness in summer. The male 

bear selected areas with substantially less cover in the summer than the female. The female bear 

used habitat farther from roads than the male bear in summer and fall, and was substantially 

farther from streams in summer. She also used more rugged areas in spring compared to summer 

and fall (Figure 2.3). 

Habitat modeling 
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 None of the habitat variables used in regression models were highly correlated with one 

another (Pearson’s |r| > 0.7), thus all combinations of variables were tested in model runs. Bears 

showed significant (p < 0.01) responses to all habitat variables used in simple logistic regression 

models. Due to high spatial autocorrelation and unbalanced sampling of locations in the data, 

however, standard errors or beta estimates are likely to be underestimated. Including random 

effects and estimating standard errors of beta coefficients using the Huber-White-sandwich 

estimator did increase standard errors, suggesting that autocorrelation and unbalanced sampling 

design were correctly adjusted for in subsequent GLMM models (Table 2.1). 

 Parameter estimates, directional relationships, and odds ratio estimates were similar for 

fixed-effects only models and models incorporating individual bears as a random effect (Table 

2.1). Model selection results based on AICc values from fixed-effects models suggested the best 

model for predicting landscape-level habitat use by black bears included all 6 habitat variables 

(Table 2.2). This model received 99% support and thus was clearly superior to all other models. 

Odds ratios of coefficients predicted a 62% increase in probability of bear use for every 1% 

increase in tree canopy cover, a 69% increase for every kilometer farther from a stream, and a 

22% decrease for every kilometer farther from a road. In terms of topography, odds ratios 

predicted a 1% decrease in probability of use for every meter increase in elevation, and 32% 

increase in use for every unit increase in ruggedness (note that mean VRM for used and available 

sites were between 0.01 and 0.05). Distance to nearest spring was not a significant predictor of 

bear habitat use by itself (Table 2.1). 

Movement statistics 

 Bears exhibited relatively linear movement patterns and long mean daily movements 

during the study (Figures 2.4 and 2.5). Mean daily movement rates ranged from 2.3-6.1 km 
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(range = 0 – 26.2 km) and were smallest for the female bear. Daily movements for the female 

were substantially smaller in the spring (1.3 km/day) compared to summer or fall (2.7 and 2.8 

km/day, respectively). Movements for the male tracked in multiple seasons was higher in the fall 

(5.7 km/day) compared to summer (4.4 km/day). Two male bears made extensive movements out 

of CACH. One moved from upper Canyon del Muerto up into the Chuskas (~38 km) in ~60 

hours, then returned to below Mummy Cave within one week. Another male moved from 

Monument Canyon south near the town of Navajo, New Mexico (~55 km) and returned back into 

Monument Canyon over a period of 30 days. Mean hourly step length for all bears was 187 m 

(SE = 8.06; range = 0-2106). Most (71%) of all hourly step lengths were shorter than 200 m. 

Mean daytime hourly movements (196 m; SE = 10.46; range = 0-1639) were slightly higher than 

nighttime hourly movements (174 m; SE = 12.62; range = 0-2106; Figure 2.6). Mean turning 

angle for all bears was 35˚ and mean direction of movement was 0˚. Daytime turning angles 

were somewhat higher than nighttime turning angles (Figure 2.6). Mean hourly step length for 

the male bear was substantially higher in the fall compared to summer (fall = 290m, SE = 21.94; 

summer = 225 m, SE = 22.16; Figure 2.6). No substantial differences were seen in hourly step 

lengths for the female bear between summer and fall (fall = 134 m, SE = 11.31; summer = 132 

m, SE = 12.42), but mean hourly step length for the female in spring was substantially lower 

than fall or summer (spring = 68 m, SE = 8.52). No substantial differences in seasonal turning 

angles or movement directions were found (Figure 2.6). 

DISCUSSION 

 Results from this study illustrate that black bears were selecting for a suite of habitat 

characteristics at the landscape scale, consistent with the hypothesis of bears as a landscape 

species and habitat generalist (Harris and Kangas 1988; Schoen 1990; Maehr 1997; Samson and 
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Huot 1998). Specifically, bears were selecting areas with higher tree canopy cover and terrain 

ruggedness, suggesting that forest cover and escape cover are primary factors driving black bear 

habitat selection at the landscape scale in this region. Although elevation was a significant 

predictor of black bear habitat use in CACH, the ruggedness measure I used better captured the 

variability in topography across the landscape and explained how bears are using the unique 

topography of this landscape. 

 I also found that bears were selecting areas farther from streams and closer to roads, 

which was somewhat surprising given results from previous studies. I hypothesized that bears 

would use riparian corridors or drainages as travel corridors and important foraging areas, and 

although this did seem to be the case at a finer-scale (3rd order, within-home-range habitat use) in 

CACH (see Chapter 1), results in this study suggest that bears did not prefer these corridors at 

the landscape scale. Although many previous studies have found that bears avoid roads (Brody 

and Pelton 1989; Reynolds-Hogland et al. 2007), roads in this study area are not heavily 

trafficked and are therefore unlikely to impede bear movements. Furthermore, two of the primary 

roads defined in the study area run parallel to major canyons used by bears in CACH, and though 

bears may be relatively close to these roads, canyon walls separate the road from areas used by 

bears. Thus bears are more likely selecting these canyon areas rather than the roads nearby. 

Movement patterns by bears in this study also support the hypothesis of the black bear as 

a landscape species and habitat generalist. Large mean daily movements combined with low 

average turning angles indicate long, linear movements, suggesting that bears are not limiting 

use to one area of the landscape, but rather are taking advantage of the mosaic of available 

habitats and food resources available across the entire area. The linear movement patterns of 

bears in this landscape are likely driven by the linear nature of the canyons and mountains that 
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define it. Variable elevation gradients and soil profiles generated by the steep and rugged terrain 

lead to a highly variable vegetation structure across the landscape, primarily following the linear 

contours of CACH and other drainages. Bears subsequently follow this linear structure as they 

exploit this mosaic of vegetation resources, leading to long, narrow movement patterns that span 

wide areas of the region. Shorter hourly movements indicate that bears are spending time in each 

of the various habitat types (i.e., foraging), rather than just quickly moving through. One 

exception to this pattern, however, seems to be for the male bear that traveled from CACH to the 

Chuskas. Location data indicated he moved relatively quickly in the habitat matrix between 

CACH and the Chuskas, which included the somewhat more populated areas of Tsaile, Arizona. 

This suggests that areas more heavily used by humans are not preferred habitats. 

Seasonal differences in movement parameters were consistent with previous studies of 

black bear habitat use. Both the male and female bear exhibited higher mean daily movement 

rates in the fall compared to summer or spring, consistent with the onset of hyperphagy to 

generate adequate fat reserves for winter (Garshelis and Pelton 1981; Beck 1991; Costello 2001). 

Furthermore, movements of the female bear were substantially restricted in the spring, as 

evidenced by lower hourly and daily movement rates, and she selected more rugged areas in the 

spring as well. This is consistent with other studies which attribute this limited movement ability 

to the presence of cubs and different energetic needs during this period (Lindsey and Meslow 

1977; Powell et al. 1997). 

Results from this landscape-level analysis can be further contrasted with results from 

fine-scale, within-home-range habitat use of black bears in CACH (see Chapter 1). Namely, it 

appears that 2nd order, landscape-level habitat selection is driven by the need for forest and 

escape cover, whereas 3rd order, home-range-level habitat selection is driven by the availability 
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of food. This is consistent with other studies of bear habitat use. For example, Lyons et al. (2003) 

found that bears in Washington, USA selected for prime food sources at the 3rd order, but were 

using forest cover more at the 2nd order. Contrastingly, Mollahan et al. (1989) and LeCount and 

Yarchin (1990) concluded that forest cover was more important than food availability at the 3rd 

order for bears in central Arizona, USA. In this study, topography seemed to play a more 

important role for black bears at the landscape scale. It is important to note that I did not have 

access to a direct measure of food availability at the landscape scale, and inclusion of such a 

parameter may have altered model results. Nevertheless, food availability seems to be more 

diverse and abundant within the boundaries of CACH (personal observation), yet areas outside of 

CACH were used readily by bears in this study, suggesting that perhaps forest cover is indeed 

the driving factor in habitat selection at the landscape scale. 

Sample size presents a severe limitation to the results of this study, thus results should be 

interpreted with caution. Although use of GLMM models generated more robust results in the 

presence of spatially autocorrelated data and uneven sampling, it is unclear how well these 

models perform given low sample sizes. Additionally, calculated movement parameters are 

largely driven by 2 bears monitored for less than a full year and thus may not be representative of 

bears across the entire study area. For example, forest cover, food availability, human-use areas, 

and topography are substantially different in the northern portion of the study area compared to 

the southern area where most of our data came from. However, results provided here still offer 

valid information on black bear habitat use and movement patterns in an area that has not been 

studied previously. Overall conclusions from the study (long, linear movements, importance of 

forest and escape cover, use of a wide variety of habitat features) provide managers with new 
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insight into bear behavior and resource requirements that will assist in properly managing and 

understanding bear ecology in this region. 

LITERATURE CITED 

 

Bailey, H. and P. Thompson. 2006. Quantitative analysis of bottlenose dolphin movement 
 patterns and their relationships with foraging. Journal of Animal Ecology 75:456-465. 
 
Beck, T. D .I. 1991. Black bears of west-central Colorado. Technical Publication No. 39. 

Colorado Division of Wildlife, Fort Collins, Colorado, USA. 
 

Beeman, L.E., and M.R. Pelton. 1980. Seasonal foods and feeding ecology of black bears in the 
Smoky Mountains. International Conference on Bear Research and Management 
4:141–147. 

 
Brody, A.J., and M.R. Pelton.  1989.  Effects of roads on black bear movements in 
 western North Carolina.  Wildlife Society Bulletin 17:5-10. 
 
Clark, R.G. and T.C. Stevens. 2008. Design and analysis of clustered, unmatched resource 
 selection studies. Journal of the Royal Statistical Society, Series C, Applied Statistics  
 57:535-551. 
 
Costello, C.M., D.E. Jones, K.A.G. Hammond, R.M. Inman, K.H. Inman, B.C. Thompson, 
 R.A. Deitner, and H.B. Quigley. 2001. A study of black bear ecology in New Mexico 
 with models for population dynamics and habitat suitability. Final Report. New Mexico 
 Game and Fish Department. 
 
Coulon, A., N. Morellet, M. Goulard, B. Cargnelutti, J. Angibault, and A.J.M. Hewison. 2008. 
 Inferring the effects of landscape structure on roe deer (Capreolus capreolus) movements 
 using a step selection function. Landscape Ecology 23:603-614. 
 
Dickson, B.G., J.S. Jenness, and P. Beier. 2005. Influence of vegetation, topography, and roads 

on cougar movement in southern California, USA. Journal of Wildlife Management 
69:264-276. 

 
Etzenhouser, M.J., M.K. Owens, D.E. Spalinger, and S.B. Murden. 1998. Foraging behavior 
 of browsing ruminants in a heterogeneous landscape. Landscape Ecology 13:55-64. 
 
Gannon, W.L., R.S. Sikes, and the Animal Care and Use Committee of the American Society of 
 Mammalogists. 2007. Guidelines of the American Society of Mammalogists for the use 
 of wild mammals in research. Journal of Mammalogy 88:809-823. 
 
Garshelis, D.L. and M.R. Pelton. 1981. Movements of black bears in the Great Smoky 
 Mountains National Park. Journal of Wildlife Management 45:912-925. 
 



 47 

Gesch, D., M. Oimoen, S. Greenlee, C. Nelson, M. Steuck, and D. Tyler, 2002. The national 
elevation dataset. Photogrammetric Engineering and Remote Sensing 68: 5–11. 

 
Gillies, C.S., M. Hebblewhite, S.E. Nielson, M.A. Krawchuk, C.L. Aldridge, J.L. Frair, D.J. 
 Saher, C.E. Stevens, and C.L. Jerde. 2006. Application of random effects to the study of 
 resource selection by animals. Journal of Animal Ecology 75:887-898. 
 
Harris, L. D., and P. Kangas. 1988. Reconsideration of the habitat concept. Transactions of the 

North American Wildlife and Natural Resources Conference 53:137–144. 
 
Hellgren, E.C.  1988.  Ecology and physiology of a black bear population in Great Dismal 
 Swamp and reproductive physiology in the captive female black bear.  Ph.D.  
 Dissertation, Virginia Polytechnic Institute and State University, Blacksburg, 
 Virginia, USA. 
 
Hellgren, E.C., M.R. Vaughan, and D.F. Stauffer. 1991. Macrohabitat use by black bears in a 
 southeastern wetland. Journal of Wildlife Management 55:442-448. 
 
Homer, C., C. Huang, L. Yang, B. Wylie and M. Coan, 2004. Development of a 2001 national 

land cover database for the United States. Photogrammetric Engineering and Remote 
Sensing. 

 
Jaeger, K.L. and E. Wohl. 2011. Channel response in a semiarid stream to removal of tamarisk 
 and Russian olive. Water Resources Research 4:W02536. 
 
Johnson, D.H.  1980.  The comparison of usage and availability measurements for evaluating 

resource preference.  Ecology 61:65-71. 
 
Johnson, K.G., and M.R. Pelton.  1980.  Prebaiting and snaring techniques for black bears. 
 Wildlife Society Bulletin 8:46-54. 
 
Kareiva, P.M. and G. Odell. 1987. Swarms of predators exhibit “preytaxis” if individual 
 predators use area-restricted search. American Naturalist 130:233-270. 
 
Kasworm, W. F., and T. L. Manley. 1990. Road and trail influences on grizzly bears and black 

bears in Northwest Montana. International Conference on Bear Research and 
management 8:79–84. 

 
Krebs, C.J. 1978. Ecology: The Experimental Analysis of Distribution and Abundance. 2nd 

Edition. Harper and Row Publishers, Inc., New York, NY. 678 pp. 
 
LeCount, A.L., R.H. Smith, and J.R. Wegge. 1984. Black bear habitat requirements in central 
 Arizona. Special Report Number 14. Arizona Game and Fish Department Research 
 Branch. 
 
LeCount, A.L. and J.C. Yarchin. 1990. Black bear habitat use in east-central Arizona. Technical 



 48 

 Report Number 4. Arizona Game and Fish Department Research Branch. 
 
Lindzey, F. G, and E. C. Meslow. 1977. Home range and habitat use by black bears in  
 southwestern Washington. Journal of Wildlife Management 41:413–425. 
 
Linke, J., S.E. Franklin, F. Huettmann, and G.B. Stenhouse. 2005. Seismic cutlines, changing 
 landscape metrics and grizzly bear landscape use in Alberta. Landscape Ecology 
 20:811-826. 
 
Lyons, A.L., W.L. Gaines, and C. Servheen. 2003. Black bear resource selection in the northeast 
 Cascades, Washington. Biological Conservation 113:55-62. 
 
Maehr, D. S. 1997. The comparative ecology of bobcat, black bear, and Florida panther in south 

Florida. Bulletin of the Florida Museum of Natural History 40:1–176. 
 
Maehr, D.S., T.S. Hoctor, L.J. Quinn, and J.S. Smith. 2001. Black bear habitat management 
 guidelines for Florida. Technical Report No. 17. Florida Fish and Wildlife Conservation 

Commission, Tallahassee, Florida, USA. 
 
Manly, B.F.J., L.L. McDonald, D.L. Thomas, T.L. McDonald, and W.P. Erickson. 2002. 
 Resource selection by animals. Second edition. Kluwer Academic Publishers, Norwell, 
 Massachusetts, USA. 
 
McLoughlin, P.D., D.W. Morris, D. Fortin, E. Vander Wal, and A.L. Constani. 2010. 
 Considering ecological dynamics in resource selection functions. Journal of Animal 
 Ecology 79:4-12. 
 
Mitchell, M.S. and R.A. Powell. 2004. A mechanistic home range model for optimal use of 
 spatially distributed resources. Ecological Modelling 177:209-232. 
 
Mollahan, C.M. 1987. Black bear habitat use in northern Arizona. A final report. Arizona Game 
 and Fish Department Research Branch. 
 
Mollahan, C.M., W.W. Brady, and A.L. LeCount. 1989. Habitat use of an Arizona ponderosa 
 pine/mixed-conifer forest by female black bears. Western Journal of Applied Forestry 
 4:6-10. 
 
National Park Service. 2005. Cooperative watershed restoration project: tamarisk and Russian 
 olive management at Canyon de Chelly National Monument. Final Environmental 
 Assessment. 
 
Novak, R.M. 2007. Climate variability and change in the Chuska Mountain area: impacts, 
 information, and the intersection of Western science and traditional knowledge. M.S. 
 Thesis. University of Arizona, Tucson, Arizona, USA. 
 
Pelton, M.R.  1986.  Habitat needs of black bears in the east.  In Wilderness and Natural 



 49 

 Areas in the Eastern United States:  A Management Challenge.  Center for Applied 
 Studies, School of Forestry, Stephen F. Austin State University, Nacogdoches, Texas. 
 
Powell, R. A., J. W. Zimmerman, and D. E. Seaman. 1997. Ecology and behaviour of North 

American black bears: home ranges, habitat and social organization. Chapman and Hall, 
New York, New York, USA. 

 
Powell, R.A., and M.S. Mitchell. 1998. Topographical constraints and home range quality. 
 Ecography 21:337-341. 
 
Reynolds-Hogland, M.J., L.B. Pacifici, and M.S. Mitchell. 2007. Linking resources with 
 demography to understand resource limitations for bears. Journal of Applied Ecology 
 44:1166-1175. 
 
Reynolds, L.V. and D.J. Cooper. 2010. Environmental tolerance of an invasive riparian tree and 
 its potential for continued spread in the southwestern US. Journal of Vegetation Science 
 21:733-743. 
 
Rink, G. 2005. A checklist of the vascular flora of Canyon de Chelly National Monument, 

Apache County, Arizona. The Journal of the Torrey Botanical Society 132:510-532. 
 
Rogers, L. L. 1987. Effects of food supply and kinship on social behavior, movements, and 
 population growth of black bears in northeastern Minnesota. Wildlife Monographs  

97:1–72. 
 
Rogers, L. L. 1993. The role of habitat quality in the natural regulation of black bear populations. 

Proceedings of the 4th Western Black Bear Workshop:95-102. 
 
Rogers, L. L., and A. W. Allen. 1987. Habitat suitability index models: black bear, Upper Great 

Lakes region. U.S. Fish and Wildlife Service Biological Report 82. 
 
Samson, C., and J. Huot. 1998. Movements of female black bears in relation to landscape 

vegetation type in southern Quebec. Journal of Wildlife Management 62:718–727. 
 
Sappington, J.M., K.M. Longshore, and D.B. Thompson. 2007. Quantifying landscape 
 ruggedness for animal habitat analysis: a case study using bighorn sheep in the Mojave 
 Desert. Journal of Wildlife Management 71:1419-1426. 
 
Schoen, J. W. 1990. Bear habitat management: a review and future perspective. International 

Conference on Bear Research and Management 8:143–154. 
 
Simley, J.D., Carswell Jr., W.J. 2009. The National Map – Hydrography: U.S. Geological Survey 
 Fact Sheet 2009-3054. 4pp. 
 
Stamps, J. 1995. Motor learning and the value of familiar space. American Naturalist 146:41-58. 
 



 50 

Stratman, M.R., C.D. Alden, M.R. Pelton, and M.E. Sunquist. 2001. Habitat use by American 
black bears in the sandhills of Florida. Ursus 12:109–114. 

 
Thomas, D.L. and E.J. Taylor. 1990. Study designs and tests for comparing resource use and 
 availability. Journal of Wildlife Management 70:403-411. 
 
U.S. Census Bureau. 2000. Redistricting Census 2000 TIGER/Line Files Technical 
 Documentation. Washington, D.C. 
 
White, T.H., Jr., M.K. Oli, B.D. Leopold, H.A. Jacobson, and J.W. Kasbohm.  1996.  Field 
 evaluation of Telazol and ketamine-xylazene for immobilizing black bears.  Wildlife 
 Society Bulletin 24:521-527. 
 
Young, D. D., and J. J. Beecham. 1986. Black bear habitat use at Priest Lake, Idaho. 

International Conference on Bear Research and Management 6:73–80. 
 
Zollner, P.A. and S.L. Lima. 1999. Search strategies for landscape-level interpatch movements. 
 Ecology 80:1019-1030. 
  



 51 

 

      
 

   
Figure 2.1. Comparison of habitat variable distributions of locations used by bears in Canyon de 
Chelly National Monument (CACH) and surrounding areas during 2008-2010 and locations 
available to bears across the entire landscape (n = 1071). 
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Figure 2.2. Comparison of habitat variable distributions of locations used by bears during the day 
and night in Canyon de Chelly National Monument (CACH) during 2008 – 2010 (n = 1071). 
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Figure 2.3. Comparison of habitat variable distributions of locations used by bears during each 
season in Canyon de Chelly National Monument (CACH) during 2008 – 2010 (n = 1071). F = 
female, M = male; sp = spring, su = summer, fa = fall. See text for season delineations. 
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Figure 2.4. Location data from 1 male (n = 459 locations) and 1 female (n = 509 locations) black bear fitted with GPS collars in 
Canyon de Chelly National Monument and the surrounding landscape during 2008-2010. Monument boundary is designated by bold 
black line. 
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Figure 2.5. Location data from 2 male black bears (n = 79 and 24 locations) wearing GPS collars in Canyon de Chelly National 
Monument and the surrounding landscape during 2009. Monument boundary is designated by bold black line.
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Figure 2.6. Comparison of black bear movement parameters in different seasons and during the 
day and night in Canyon de Chelly National Monument (CACH) during 2008 – 2010 (n = 1071). 
F = female, male = M; sp = spring, su = summer, fa = fall. See text for season definitions. 
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Table 2.1. Parameter coefficients, odds ratios, and 95% confidence intervals for the most highly 
supported random-effect regression model and from a simple logistic regression model of 
landscape-level habitat selection of black bears in Canyon de Chelly National Monument and the 
surrounding landscape during 2008-2010. 
 
Random-effect model: 

   Odds Ratio Estimates 

     

    95% Confidence Limit 
Parameter Estimate SE Estimate Low High 

      
canopy cover 0.041 0.008 1.620 1.125 4.087 
      
elevation -0.009 0.003 0.990 0.985 0.996 
      
distance to road -0.251 0.068 0.778 0.680 0.889 
      
distance to spring -0.252 0.165 0.777 0.562 1.074 
      
distance to stream 0.527 0.253 1.693 1.031 2.781 
      
VRMa 0.035 0.016 1.318 1.013 8.834 
      

a vector-ruggedness measure 
 
 
 
Simple logistic model: 
 
   Odds Ratio Estimates 

     

    95% Confidence Limit 
Parameter Estimate SE Estimate Low High 

      
canopy cover 0.041 0.003 1.575 1.304 2.088 
      
elevation -0.009 0.000 0.991 0.991 0.992 
      
distance to road -0.278 0.024 0.757 0.723 0.793 
      
distance to spring -0.190 0.036 0.827 0.770 0.888 
      
distance to stream 0.418 0.026 1.519 1.445 1.597 
      
VRMa 0.030 0.009 1.210 1.033 2.350 
      

a vector-ruggedness measure 
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Table 2.2. Logistic regression results of landscape-level habitat selection models for black bears 
in Canyon de Chelly National Monument and the surrounding landscape during 2008-2010. 
(k = # of parameters, AICc = second-order Akaike’s Information Criteria [i.e., for small sample 
sizes], ∆AICc = change in AICc, and wi = the relative amount of support for the model). 
 
 

Model k AICc
a ∆ AICc wi 

          

     
canopy cover + elevation + distance to road + 6 1857.37 0 0.990 
      distance to spring + distance to stream + VRM     
     
canopy cover + elevation + distance to road + 5 1866.63 9.26 0.010 
      distance to spring + distance to stream     
     
canopy cover + elevation + distance to road + 5 1883.47 26.1 < 0.001 
       distance to stream + VRM     
     
canopy cover + elevation + distance to road + 4 1893.77 36.4 < 0.001 
       distance to stream     
     
distance to stream 1 2729.06 871.69 < 0.001 
     
elevation 1 2775.83 918.46 < 0.001 
     

VRMb 1 2868.98 1011.61 < 0.001 
     
canopy cover 1 2883.81 1026.44 < 0.001 
     
distance to road 1 2892.68 1035.31 < 0.001 
     
distance to spring 1 2971.29 1113.92 < 0.001 
          

a AICc values are from fixed-effects models. See text for details. 
b vector-ruggedness measure 
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Chapter 3: 

Genetic variation and population structure of bears in northeastern Arizona, USA 

 
INTRODUCTION 

 Delineating appropriate populations or subpopulations and determining how individuals 

are moving and interacting across the landscape is a critical first step in effectively managing 

wildlife and conserving biodiversity (Manel et al. 2007; Fraser and Bernatchez 2001). These can 

be particularly difficult tasks for wide-ranging and elusive species such as carnivores, and 

traditional monitoring methods such as radio-tracking are limited in their ability to answer such 

questions. Application of theoretical genetics to wildlife science and advances in genetic 

techniques have proven highly effective in complementing more traditional methods to answer 

questions regarding population size and structure, individual movement and gene flow within 

and among populations, evaluation of bottlenecks, and estimation of long-term effective 

population size (Beja-Pereira et al. 2009). 

Maintaining populations at sizes large enough to prevent inbreeding and loss of genetic 

variability through drift has become an important goal in conservation management (Soulé 1987; 

Frankham 1996). Fluctuations in population size, unequal sex ratios, and variance in 

reproductive success generally leads to populations that are effectively smaller than their actual 

census size (Palstra and Ruzzante 2008), thus seemingly large populations can experience 

significant declines in genetic diversity if effective population size falls below a given threshold. 

Effective population size (Ne) provides an index of how fast genetic diversity might be lost in a 

population (Leberg 2005), but has been notoriously difficult to measure in wild populations. 

Genetic methods based on allele frequencies, measures of inbreeding depression, and models of 

gene coalescence over time have provided more feasible means for estimating Ne than more 

traditional demographic approaches (Wright 1969; Excoffier 2000; Waples and Do 2010). These 



 60 

methods are now being widely used to evaluate the extent and pattern of genetic variability 

within populations and to assess their long term viability. 

In many cases, movements of carnivores are sufficiently large to prevent extensive 

structuring and differentiation within populations (Wayne and Koepfli 1996). Black bears in 

particular are known to move long distances and disperse over large areas (Beeman and Pelton 

1980; Rogers 1987; Noss et al. 1996); thus gene flow should be high and genetic differentiation 

minimal over large areas. Habitat fragmentation and landscape structure (barriers, topography, 

etc.), however, can create genetic structure by limiting movement and subsequent gene flow 

within and among populations (Manel et al. 2003; Coulon et al. 2006; Storfer et al. 2007). 

Limited dispersal abilities can limit gene flow over longer distances as well, leading to genetic 

isolation by distance within populations (Wright 1943, 1946) regardless of habitat structure or 

landscape barriers. Generally, these two processes work in concert to structure populations 

genetically (Coulon et al 2004; Wang et al. 2009). 

My objective with this study was to determine if bears in Canyon de Chelly National 

Monument (CACH) and the surrounding landscape make up a single, panmictic population or 

whether barriers to movement and gene flow have created population structure within this 

region. I also wanted to estimate genetic diversity and long-term effective population size to 

evaluate the overall health, viability, and likelihood of persistence for this population. 

STUDY AREA 

This study was conducted in Canyon de Chelly National Monument (CACH) and the 

neighboring Chuska Mountains. CACH spans 340 km2 in the heart of the Navajo Nation in 

northeastern Apache County, Arizona, USA (Figure 1.1). The canyon system is incised into the 

northern portion of the Defiance Plateau and its 3 main canyons were cut by streams with 
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headwaters in the nearby Chuskas. The Chuska range is relatively small (~80 x 15 km) and lies 

on the border between Arizona and New Mexico, USA. Average elevation is 2740 m (8990 ft), 

with the highest peak sitting at 2994 m (9823 ft). The mouth of the CACH sits at 1680 m (5500 

ft), with upper slopes reaching 2320 m (7600 ft). Upstream canyon walls attain heights of 250-

350 m (800-1200 ft), while the lower canyon is characterized by a wide (0.2-1.0 km), flat, sandy 

wash with relatively low cliff walls (Rink 2005). The 3 main canyons include Canyon de Chelly 

(43 km long), Canyon del Muerto (a northern tributary 29 km long), and Monument Canyon (a 

southern tributary 16 km long). Four main tributaries drain into the canyon complex: Tsaile 

Creek on the northern, del Muerto side, and Wheatfields, Whiskey, and Crystal Creeks on the 

southern, de Chelly side. Chinle Wash drains both Canyon del Muerto and Canyon de Chelly. 

Stream flow in these tributaries is bimodal, with low-magnitude, longer duration flows from 

snowmelt occurring in spring (~April-May), and short duration, high-magnitude flows due to 

monsoon storms occurring in late summer (July-August; Jaeger and Wohl 2011). Lower stream 

reaches are generally dry between these 2 flow events. Precipitation averages approximately 24 

cm per year in Chinle on the western edge of CACH, with higher elevations in the monument 

receiving upwards of 30 cm (NPS 2005), and even higher elevations in the Chuskas receiving 51 

cm (Novak 2007). 

METHODS 

DNA sampling and genetic analysis 

 I collected DNA from black bear hair samples caught on barbed wire corrals placed 

throughout CACH and the Chuska Mountains and from live-captured bears (Figure 3.1). Corrals 

were baited opportunistically using a mixture of rotten blood and fish oil placed on a wood pile 

in the center of the corral. Sites were revisited 7-14 days later and captured hair was collected for 
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genetic analysis. After collection, barbs and collecting implements were burned to avoid DNA 

contamination of subsequently collected samples. 

All hair samples were analyzed at the Laboratory for Conservation and Ecological 

Genetics at the University of Idaho in Moscow, ID. A suite of ten highly variable microsatellite 

loci previously developed for American black bears (G10B, G10C, G10H, G10L, G10M, G1A, 

G1D, CXX20, G10P, and G10X; Paetkau and Strobeck 1994, Paetkau et al. 1995) were used to 

generate individual genotypes for each sample. Probability of identity (PI), or the probability that 

two individuals drawn at random from a population will have the same genotype across all loci 

(Waits et al. 2001; Paetkau and Strobeck 1994; Waits and Leberg 2000; Mills et al. 2000) was 

calculated to determine the power in the marker suite to distinguish individuals properly. PI for 

siblings, which represents the upper limit on the possible range of PIs in a population, also was 

calculated. Sex was inferred for each individual using the sex-determination assay of Ennis and 

Gallagher (1994). Strict laboratory protocols (see Paetkau 2003) were followed to avoid scoring 

and amplification errors. 

Assessment of genetic diversity and population structure 

I used GENEPOP 4.1 (Raymond and Rousset 1995) to test for departures from Hardy-

Weinberg equilibrium (HWE; Guo and Thompson 1992) and non-random associations among 

alleles of different loci using linkage disequilibrium (LD) tests. Tests for HWE employed 10,000 

recorded Markov-Chain Monte Carlo (MCMC) chains following a burn-in of 1,000 chains, 

whereas LD tests employed 100,000 randomizations. Sequential Bonferroni adjustments were 

made on a global α = 0.05 before determining the statistical significance of each test (Rice 1989). 

I estimated the genetic diversity of the entire sample using Nei’s unbiased gene diversity 

(HE), observed heterozygosity (HO), and allelic richness (A) in GENEPOP 4.1 (Raymond and 
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Rousset 1995). I calculated genetic distance between pairs of individuals using Rousset’s (2000) 

ar statistic, which has been used in a number of individual-based genetic studies (Coulon et al. 

2004; Broquet et al. 2006; Shanahan et al. 2011). In order to visualize relationships among 

identified individuals, I generated a neighbor-joining tree based on the matrix of pairwise ar for 

all individuals (Saitou and Nei 1987). The program TreeFit (Kalinowski 2009) generates 

neighbor-joining trees and estimates the amount of information contained in the distance matrix 

that is extracted by the tree. I used TreeFit to generate an individual-based neighbor-joining tree 

of black bears in CACH and TreeView 1.6 (Page 1996) to visualize the tree. 

I tested for genetic structure of bears in CACH and the surrounding area in multiple 

ways. First, I used a Bayesian clustering approach to determine whether discernible discrete 

population structure was present. Program STRUCTURE (Pritchard et al. 2000) uses this 

approach to identify genetic discontinuities among individuals and, using a maximum-likelihood 

approach, assigns individuals to an appropriate number of putative clusters (K) or populations of 

origin. These models attempt to maximize HWE and linkage equilibrium within reconstructed 

clusters (Guillot et al. 2009). I used admixture models, which assume that individuals can 

originate from multiple clusters, and tested values of K between 1 and 8 assuming correlated 

allele frequencies.  Analyses were conducted with a burn-in length of 100,000 and 1,000,000 

Markov Chain Monte Carlo (MCMC) chains. I used estimated model log-likelihoods to 

determine the best-fitting (i.e., highest likelihood) model. 

I evaluated the degree of spatial structure within the population by testing for a 

significant correlation between individual genetic (ar) and geographic distances. Genetic 

structure can be influenced by individual dispersal capabilities, where geographic limits to 

dispersal restrict gene flow and create genetic structure in an otherwise continuous population 
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(Chambers 1995). This is referred to as isolation-by-distance (IBD; Wright 1943), which can be 

estimated by determining if geographic and genetic distances between individuals and/or 

populations are correlated. I used 1,000 permutations of a simple Mantel test (Mantel 1967) to 

test for significant correlations between genetic distance and geographic distance for all bears. I 

calculated Euclidean distances between each pair of bears in a geographic information system 

(GIS) using the mean UTM coordinates of all hair trap sites where an individual was “captured” 

as its capture location. 

Finally, I used individual assignment tests to assess the degree to which bears were 

moving across the landscape. These tests use genetic differences among a putative set of 

populations to assign individuals (based on their genotypes) to their most likely source 

population (Paetkau et al. 1995; Rannala and Mountain 1997). If a high degree of genetic 

structure exists among the populations of interest, individuals will be assigned to their correct 

source population with a high likelihood. Although generally used in studies of > 1 putative 

population, I used the assignment method of Rannala and Mountain (1997) in Program 

GENECLASS (Piry et al. 2004) to estimate the likelihood that individual bears originated in the 

one population sampled. Due to this modification, probabilities generated from this analysis 

would suggest the degree to which individual bears are genetically similar (or related) to other 

sampled individuals, or whether they are more likely to be immigrants into the population from 

an unsampled population. I also divided my sampled individuals into 2 populations based on sex 

and tested how well males assigned to the population of females and vice versa. Based on the 

fact that bears exhibit male-biased dispersal (Rogers 1987; Schwartz and Franzmann 1992), I 

would expect males to assign with lower probability to the female population than females would 

to the male population. 
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Estimating effective population size  

Estimates of effective population size (Ne) are important for determining the long-term 

viability and evolutionary potential of wildlife populations (Frankham 2005; Charlesworth 

2009). This parameter is extremely difficult to measure directly, but genetic techniques provide 

an effective means for calculating Ne indirectly (Wang 2005; Waples and Do 2010). I estimated 

both current effective population size (i.e., number of breeders) and long-term effective 

population size (average number of breeders over Ne generations) for bears in this region based 

on genetic data. First, I used the bias-corrected linkage disequilibrium (LD) method as 

implemented in LDNe (Waples and Do 2008) to estimate the number of breeders (Nb) that 

generated the individuals sampled in this study. I assumed random mating in the model and 

excluded alleles with frequencies < 0.01. I calculated a 95% confidence interval on the estimate 

by jackknifing over all loci (Waples and Do 2010). 

I also estimated long-term effective population size using Bayesian serial coalescent 

modeling, which uses simulations to generate a series of hypothetical historic populations and 

compares observed data with these to determine the most likely historic parameters that would 

generate the observed population statistics (i.e., population size, allelic diversity, etc.). I used 

Bayesian Serial SimCoal (http://www.stanford.edu/group/hadlylab/ssc/; a modification of 

SIMCOAL 1.0 [Excoffier et al. 2000]) to simulate data, and approximate Bayesian computation 

(ABC) to compare observed data with simulated data (rejecting highly different simulated 

populations) and generated posterior likelihoods for parameters of interest (i.e., Ne). I simulated 

1,000,000 populations assuming a uniform prior on Ne ranging from 10 to 10,000 and a uniform 

prior on the mutation rate (µ) from 0.0001 to 0.042 (Ellegren 2004). I then re-ran simulations 
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using an informed prior on Ne [gamma 1,1845] based on the first set of simulations, and 

determined the mean, median, and 95% credible interval of the posterior distribution of Ne. 

RESULTS 

DNA sampling and genetic analysis 

 I opportunistically collected 60 hair samples during the summers of 2008 and 2009. 

Twenty-one of these samples were collected on 5 hair traps in the Chuska Mountains. The 

remaining samples were collected within the boundaries of CACH. Eleven (18.3%) samples 

failed to produce reliable genotypes, thus, 32 unique genotypes (12F:20M) were identified from 

49 samples, with 20 bears sampled in CACH (7F:13M) and 12 in the Chuskas (5F:7M). PI for 

the dataset was 2.5e-5 and PIsibs was 0.005, indicating a sufficiently powerful marker system for 

distinguishing unique individuals (Taberlet and Luikart 1999). 

Assessment of genetic diversity and population structure 

No deviations from HWE were detected at any locus following sequential Bonferroni 

adjustments, nor was there significant linkage between any pairs of loci. Average number of 

alleles/locus was 3.9 (range = 3-5). Average observed heterozygosity was 0.522 (range/locus = 

0.161-0.774) and expected heterozygosity was 0.581 (range/locus = 0.155-0.702). 

Genetic distance between individuals (ar) ranged from 0.006-0.602. The neighbor-joining 

tree based on these values suggested little geographic structure, though females from the same 

areas (i.e., Chuskas or the same or nearby canyons within CACH) generally were clustered 

together (Figure 3.2). No apparent clustering pattern could be seen with male bears. 

Model-likelihoods from Program STRUCTURE indicated that all bears most likely 

belong to one panmictic population (K = 1) lacking substantial genetic structure. Mantel tests 

revealed significant patterns of IBD (p = 0.014), however, revealing a slight degree of population 
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structure based on diminishing gene flow over long distances. Assignment tests assigned bears to 

the population with likelihoods ranging from 0.0003-0.973. There were no obvious differences in 

the assignment probabilities of males and females when sexes were combined. When the 

population was split by sex, however, males were assigned with an overall lower probability to 

the population of females than females were to the population of males (male range = 0.003-

0.719; female range = 0.211-0.928). 

Estimating effective population size 

 Mean Nb (95% confidence limits) using the LD method was 24 (12-69) individuals. 

Bayesian coalescent models generated a long-term posterior mean Ne (95% credible interval) of 

579 (36-3,050) individuals. 

DISCUSSION 

 Microsatellite analysis revealed evidence of a single panmictic population of black bears 

in far northeastern Arizona, with evidence of slight genetic structuring as a function of 

geographic distance (i.e., slight IBD effects). Bayesian clustering methods, assignment tests, and 

neighbor-joining trees indicated minimal genetic structure in this population. This is not 

surprising given the dispersal and movement capabilities of black bears (Beeman and Pelton 

1980; Rogers 1987) and the geographical structure of the study area (i.e., minimal barriers to 

bear movements). Furthermore, movement data collected from global positioning system (GPS) 

collars revealed frequent long-distance movements of bears across large portions of the study 

area (see Chapter 2). Analyses did reveal, however, slight patterns of genetic isolation by 

distance consistent with other studies of large carnivores (Paetkau et al. 1997; Ernest et al. 2003; 

Brown et al. 2009). Slight structuring patterns also can be seen in results from assignment tests 

and neighbor-joining trees, and explained by patterns of male-biased dispersal commonly found 
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in bears (Greenwood 1980; Elowe and Dodge 1989; Schwartz and Frantzmann 1992). For 

example, although there were minimal differences in assignment probabilities when all 

individuals were considered in the putative population, males were assigned with lower 

probabilities to a putative population containing only the females sampled in the study. This 

indicates a relatively higher degree of genetic variability among males, which is consistent with 

male-biased dispersal and longer movements by males. Furthermore, neighbor-joining trees 

exhibited a greater degree of clustering among females that were sampled in the same areas (i.e., 

females that were sampled in an area looked like other females sampled in that area), but males 

tended to be scattered throughout the tree, indicating a greater degree of movement and dispersal 

among males. 

Genetic variability found in this population is consistent with levels of variability found 

in other black bear populations across North America. Heterozygosity has been found as low as 

0.414 in Newfoundland (Paetkau 1997), 0.51 in coastal Louisiana (Triant 2004), and 0.39 in 

central California (Brown et al. 2009) to as high as 0.82 in Ontario (Paetkau 1997), 0.80 in 

mainland Alaska (Peacock et al. 2007), and 0.75 in coastal North Carolina (Tredick 2005). 

 Estimates of effective population size from this study are suggestive of a relatively 

healthy, viable black bear population in this region. The estimated Nb of 24 indicates there are a 

high number of breeding individuals in the population relative to the number of sampled 

individuals (N = 32). Frankham (1995) observed demographic ratios of Ne/N in many studies of 

wild populations to have a median value of 0.11. Interpretation of Nb determined using LD 

methods can be difficult as they are sensitive to various parameters, including sample size and 

large fluctuations in Ne from generation to generation (Waples and Do 2010). The estimated 

long-term Ne of 579 is indicative of gene flow and connectivity of the CACH population with a 
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larger regional population, thus if connectivity persists in the region, current levels of genetic 

diversity likely will persist over a longer term. 
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Figure 3.1. Locations of barbed wire corrals and live-capture sites used to collect genetic material from black bears in Canyon de 
Chelly National Monument and the Chuska Mountains during 2008-2009. Circles indicate barbed wire locations, + indicate sites 
where hair was collected. Monument boundary is designated by bold black line.
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Figure 3.2. Neighbor-joining tree based on estimates of genetic distance (Rousset’s ar) between individual bears in Canyon de Chelly 
National Monument and surrounding areas during 2008-2009.       = Chuska male,     = Chuska female,     = del Muerto male,     = 
eastern de Chelly female,       = de Chelly male,        = de Chelly female,       = Monument male,       = Monument female.
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Chapter 4: 

Developing a conceptual model of wildlife acceptance  

capacity for black bears in Virginia, USA 

 

INTRODUCTION 

 
As competition for space and resources escalates between humans and wildlife, so does 

the severity and frequency of human-wildlife interactions (Madden 2004). Increased interaction 

comes with an increasing public interest in wildlife and public desire to be involved in wildlife 

management decisions (Zinn et al. 1998; Decker et al. 2005; Raik et al. 2006). As a result, 

incorporating public values and preferences into management decisions has become critical for 

implementing effective wildlife management strategies. Although the need to incorporate human 

dimensions information into successful management strategies has been recognized for decades, 

there is still very little consensus as to how to do this most effectively (Carpenter et al. 2000; 

Gigliotti et al. 2000). The complex nature of human-wildlife interactions, with its variety of 

stakeholders and specific contextual factors, makes this difficult. Nevertheless, just as ecologists 

attempt to identify and measure key parameters of a wildlife population to aid in management 

(e.g., abundance, population growth rates, fecundity, etc.), social scientists attempt to identify 

key social and economic parameters inherent in human-wildlife interactions. 

Carpenter and others (2000) suggested that acceptance capacity for wildlife is at the heart 

of most contemporary wildlife management issues, including human-wildlife conflicts. The term 

“wildlife acceptance capacity” was coined in the mid-1980s to describe the “maximum wildlife 

population level in an area that is acceptable to people” (Decker and Purdy 1988). Minnis and 

Peyton (1995) included a lower bound (“minimum demand level”) to a similar “cultural carrying 

capacity” concept as well, which recognizes certain stakeholders (e.g., hunters) may become 

intolerant if a given wildlife population is perceived to be too low. Unlike biological carrying 
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capacity, which is generally fixed for a given ecological community at any given point in time, 

cultural carrying capacity can vary widely over time and space among various stakeholders 

(Decker and Purdy 1988). One group of individuals may want to see population numbers 

increase, while another group may want the same population to decrease. Determining the 

factors that drive these differences and balancing a wide range of acceptance capacities across 

numerous stakeholders is a major challenge of 21st century wildlife management.  

Current theory suggests that values and attitudes towards wildlife, risk perceptions of 

stakeholders, personal experience with wildlife, perceptions of population trends, and 

demographic parameters, among other factors, all play important roles in determining 

stakeholder acceptance capacities for various wildlife populations of interest (Zinn et al. 2000; 

Carpenter et al. 2000). Research also indicates that trust plays an important role in determining 

perceptions of environmental risk, ultimately influencing acceptance of these risks (Slovic 1993; 

Siegrist 1999; Cvetkovich and Winter 2003; Earle et al. 2007). While the inherent complexity of 

this concept presents numerous challenges, a number of studies have attempted to measure and 

apply the acceptance capacity concept in a variety of wildlife management scenarios (Zinn 1998; 

Riley and Decker 2000a; Whittaker et al. 2006; Lischka et al. 2008). Our research proposes to 

build upon and further refine the currently evolving concept of acceptance capacity in the context 

of black bear management in Virginia, USA. 

Black bears in Virginia 

 The Virginia Department of Game and Inland Fisheries (VDGIF) has a very active black 

bear management program that includes a substantial amount of public involvement. Bear 

populations in Virginia are established across most of the state, with at least occasional sightings 

occurring in every county (D. Steffen, VDGIF, pers. comm.). Active harvest management, 
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reforestation, restoration efforts, and natural range expansions have all contributed to increasing 

black bear populations in Virginia over the past few decades, leading to the creation of Virginia’s 

first Black Bear Management Plan in March 2002. This plan developed a framework for 

managing viable bear populations throughout the state, setting harvest regulations, dealing with 

nuisance bear problems, and managing bear habitat, all with substantial input from various 

stakeholder groups. As a result of the plan, harvest regulations have been adjusted to meet 

targeted population objectives based on stakeholder input, guidelines for managing nuisance 

complaints have been developed, educational materials have been produced, and further research 

has been completed to provide data on population trends and habitat needs for black bears in 

Virginia. 

Currently, VDGIF is undergoing a similar process to develop a new bear management 

plan for the next decade. As part of this process, VDGIF conducted a comprehensive telephone 

survey to gauge Virginia residents’ perceptions of bears and bear management and to determine 

acceptance capacities and acceptable management strategies in different parts of the state. 

Numerous stakeholder meetings and focus groups also were held during 2010 to determine 

management preferences throughout the state and set management goals that would be supported 

by the general public. Data from telephone interviews were used in this study to determine 

factors that influence acceptance capacity for bears in Virginia. 

A model for acceptance capacity of bears in Virginia, USA 

Our conceptual model for acceptance capacity of bears in Virginia was derived from 

wildlife literature discussed above, as well as a conceptual model of social acceptability 

developed by Stankey and Schindler (2006). Current theory pertaining to social acceptability 

judgments relies heavily on the hierarchical value-attitude-behavior model of social psychology. 
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This model proposes that fundamental values form the foundation of human behavior, which in 

turn determine more general beliefs, attitudes and norms (e.g., wildlife value orientations), which 

in turn influence specific attitudes, norms, and behaviors toward various objects (e.g., 

participation in hunting; Homer and Kahle 1988; Fulton et al. 1996). As with attitudes and 

behaviors, acceptability judgments are derived following this same hierarchical construct, with 

interactions of general cognitive (knowledge) and affective (emotional) beliefs about the target 

object(s) influenced by more specific normative and contextual factors (Stankey and Schindler 

2006). These factors include things such as personal experience, knowledge, attitudes, beliefs 

(value orientations), contextual circumstances (e.g., how often are bears encountered and 

where?), trust in individuals and institutions, and perceptions of acceptable risk (Stankey and 

Schindler 2006). In addition to these factors, we hypothesized that perceptions of current and 

past bear populations and demographic parameters (income, education level, age, and gender) 

would influence acceptance capacity for black bears in Virginia as well (Figure 4.1). 

Value orientations and attitudes towards wildlife 

Stakeholder values, beliefs, and attitudes towards wildlife play an important role in 

determining acceptance capacity for wildlife (Decker and Purdy 1988; Organ and Ellingwood 

2000; Riley and Decker 2000a). Consistent with the cognitive hierarchy described above, Fulton 

and others (1996) found that wildlife value orientations are strong predictors of attitudes towards 

participation in wildlife-related activities, including hunting and fishing, which in turn are strong 

predictors of participation in these activities. They identified 2 primary wildlife belief domains 

(wildlife rights/use and wildlife benefits/existence) that explained 73.2% of the variance they 

observed in people’s basic beliefs regarding wildlife (Fulton et al. 1996). The first domain 

describes the degree to which people believe wildlife should be used for human benefit (hunting, 
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fishing, etc.) while the second domain describes the degree to which people believe they benefit 

from and enjoy wildlife populations just by knowing they exist. Many studies have shown that 

these value orientations can predict support for wildlife in general (Bright et al. 2000; Zinn et al. 

1998; Whitaker et al. 2006; Teel et al. 2010), though wildlife use orientations have been better 

predictors of specific attitudes towards management actions (Whittaker et al. 2006). 

Risk perception of wildlife populations 

The concept of risk and risk perception becomes particularly relevant in terms of human-

wildlife conflict and acceptance capacity for large carnivores such as bears (Kellert 1985; Gore 

2007). Sjoberg (1998) divided risk perception into two components; cognitive and affective. 

Cognitive risk involves the perceived probability of suffering harm or loss. In the case of 

carnivore conflict, this usually involves a threat to safety (e.g., attack) or economic loss due to 

livestock predation or property damage. Affective risk perceptions relate to the feelings 

associated with these perceived threats or losses, generally indicating individuals’ degree of 

dread or worry about uncertain events (e.g., being attacked by a bear, crop depredation, etc.). 

Thus, managers must account not only for actual probabilities of risk occurrence (e.g., bear 

attacks) and the consequences of those occurrences, but also emotional and subjective 

perceptions of those risks as well (Gore 2009). 

The role of trust in wildlife management agencies 

The importance of trust in environmental decision making has been widely recognized 

(Slovic 1993; Peters et al. 1997; Wright and Schindler 2001). In particular, trust in institutional 

performance has been shown to have a substantial impact on the perception of environmental 

risks (Earle and Cvetkovich 1995; Siegrist 1999). As trust in agencies’ abilities to effectively 

manage these risks increases, perceived risks from things such as wildlife disease and bear 
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attacks decrease and acceptance of management decisions and wildlife populations increase 

(Needham and Vaske 2008; Jones et al. 2009; Gore 2009). Theory suggests that this 

“performance trust” is influenced by social trust (the degree to which stakeholders perceive 

individuals or institutions as honest, objective, and fair) and general confidence in the agency. 

The relationship between performance trust and risk perception varies depending on certain 

contextual factors, including knowledge of and values towards those risks (Siegrist et al. 2000; 

Earle et al. 2007). 

Knowledge and personal experience with wildlife 

Increased knowledge and positive personal experience with wildlife have been associated 

with more positive attitudes about wildlife (Kellert 1985; Riley and Decker 2000a). Thornton 

(2010) found that even livestock owners, who perceived more risk from cougars than non-

livestock owners and had high levels of experience with cougars, had an overall positive attitude 

towards cougars. Morzillo and others (2010) concluded that stakeholders with a high level of 

knowledge about black bears were more likely to support and accept active recovery strategies 

for bears. They also found that lack of personal knowledge of bears was the most frequent cause 

of uncertainty in support of various management strategies. 

Siemer and others (2009) found that positive or neutral personal experiences with wildlife 

attenuated concern about bears, which in turn increased acceptance capacity, but negative 

experiences with wildlife-related problems (i.e., property damage) increased concern and 

decreased acceptance capacity. Kellert and others (1996) suggested that underlying attitudes and 

values are likely to drive how facts and experiences with wildlife are interpreted, and thus may 

override factual knowledge in influencing acceptance capacities. For example, livestock owners 

and environmental activists may have completely opposing acceptance capacities for wolves, yet 
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both groups are known to be very well informed about the natural world (Kellert et al. 1996). 

Increased knowledge alone is not always enough to change attitudes and influence acceptance 

capacities. Rather, increased knowledge may actually serve to reinforce and rationalize existing 

attitudes, all of which are dependent on specific facts and the context of a given situation (Kellert 

et al. 2006; Kaczensky et al. 2004). 

Perceptions of current and past wildlife populations 

 Perceptions of current wildlife populations as well as perceptions of past population 

trends can strongly influence acceptance capacity of future wildlife populations (Minnis and 

Peyton 1995; Riley and Decker 2000a). Riley and Decker (2000b) found that Montana residents 

who wanted cougar populations to increase were more likely to believe that populations were 

currently decreasing and to live in areas with lower cougar densities. Similarly, Minnis and 

Peyton (1995) showed that individuals who believed a white-tailed deer population was 

increasing tended to perceive too many deer (and vice versa), regardless of the actual population 

size. Thus, acceptance capacities of wildlife populations may be driven more by perceptions of 

reality (perceived population levels, severity of conflict interactions) rather than actual measures 

of these populations. 

Spatial context and wildlife acceptance 

Contextual circumstances can play a critical role in determining acceptance capacity and 

can influence many of the variables mentioned above. Context can make the same management 

decision that was acceptable in one situation unacceptable in another (Stankey and Schindler 

2006). Spatial context, in particular, can influence stakeholder values and knowledge as well as 

the degree of risk they perceive from various management decisions. For example, stakeholders 

who live in rural environments may be more affected by wildlife conflicts, be more 



 83 

knowledgeable about wildlife, and have a different set of values related to wildlife from those 

who live in an urban environment (Kellert 1994; Bowman et al. 2001). This forms the basis for 

not-in-my-backyard (NIMBY) arguments and highlights the importance of recognizing spatial 

relevance in management decisions. Minnis and Peyton (1995) discussed temporal and spatial 

considerations of cultural carrying capacity as well, suggesting that it is a “dynamic entity that 

must be defined in terms of a particular time and space to be meaningful” (p. 21). 

Demographic considerations for wildlife acceptance capacity 

Research findings on the influence of demographic parameters on environmental values 

and acceptance capacity are mixed (Vaske et al. 2001). Kaczensky and others (2004) and Jonker 

and others (2006) found that demographic factors (e.g., age, income, education) generally played 

a minor role in predicting attitudes towards wildlife. Vaske and others (2001) summarized 

previous literature showing females as being more environmentally oriented than males. In their 

research, they also found that females exhibited a more biocentric attitude towards nature 

preservation, with biological considerations being equally if not more important than 

anthropogenic needs. Agee and Miller (2009) found that females were less accepting of lethal 

control measures of bears in Georgia, USA. However, in studies of attitudes towards large 

carnivores, research has shown that females express greater concern than males about the risks 

posed by these potentially dangerous predators (Zinn and Pierce 2002; Kellert and Berry 1987; 

Bowman et al. 2001). 

Research also suggests that educational achievement is correlated with positive attitudes 

towards wildlife (Kleiven et al. 2004), though Thornton and Quinn (2010) did not find any 

differences in level of education in attitudes towards cougars in Alberta, nor did Kaczensky and 

others (2004) find education to influence attitudes towards bears in Slovenia. Again, though 
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more education may be associated with more biocentric value orientations (Vaske et al. 2001), 

other factors (e.g., risk perception) are likely to influence perceptions of large carnivores more 

heavily. Similarly, income has been shown to influence environmental value orientations (Vaske 

et al. 2001), but is likely to be less important than other factors when determining acceptance 

capacity for large carnivores. 

Although key formative factors of social acceptability judgments (e.g., acceptance 

capacity) have been identified, the relationships among all of these variables in various contexts 

are poorly understood (Stankey and Schindler 2006). This research aims to elucidate the nature 

of the relationships among these variables and the degree to which they influence black bear 

acceptance capacity in Virginia, USA. Given what is already known in the literature, we 

hypothesized that increased acceptance capacity of black bears in Virginia would be associated 

with higher wildlife existence and wildlife use values, lower cognitive and affective risk 

perceptions of bears, increased trust in VDGIF, perceptions that bear populations in the state had 

decreased in the past 10 years or were currently decreasing, greater knowledge of bears, more 

personal experience with bears, and being male. 

METHODS 

Sampling 

 Telephone interviews of Virginia residents were conducted by Responsive Management 

(Harrisonburg, Virginia, USA) to determine their opinions on and attitudes towards black bears 

and black bear management. The survey questionnaire was developed cooperatively between 

Responsive Management and VDGIF. During March 2010, 1,546 interviews were conducted of 

residents throughout Virginia. Complete details of survey methods can be found in Responsive 

Management (2010). We extracted relevant questions from these interviews related to the factors 
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discussed above (knowledge, experience, population perceptions, risk, trust, values) as well as 

demographic parameters for our analyses. A summary of variables generated, questions used, 

and response frequencies are presented in Table 4.1. 

Measurement of variables 

 We measured acceptance capacity using respondents’ preferences for future trends in the 

Virginia black bear population. These preferences were measured on a 3-point scale (“Should 

black bear populations be decreased, remain the same, or be increased?”) and at two spatial 

scales (county and state) to assist in clarifying the role of spatial context in determining 

acceptance capacity. Perceptions of past and current trends in Virginia’s bear population were 

measured on a 3-point and 4-point scale, respectively (“Do you think black bear populations in 

Virginia have increased, stayed about the same, or decreased over the past 10 years?” and 

“Overall, would you say the current black bear population in Virginia is increasing, stable and 

healthy, declining, or endangered?”). 

Value orientations for this study were operationalized in two ways. First, an index was 

created to measure respondents’ wildlife existence values using three questions: “How important 

is it to you to know that bears exist in Virginia?” “In general, do you support or oppose having 

black bears in Virginia?” and “The presence of black bears near my home improves my quality 

of life.” Responses to these questions were coded on 3-point Likert scales (not 

important/somewhat important/very important; oppose/neutral/support; and 

disagree/neutral/agree), equally weighted and summed to generate a new variable (existence 

values; Cronbach’s α = 0.624; higher score = higher existence value). Second, we gauged 

respondents’ wildlife use values with a single survey item: “Do you support or oppose legal, 
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regulated hunting of black bears in Virginia?” This was measured on a 5-point Likert scale 

ranging from strongly oppose to strongly support. 

Risk perceptions were operationalized using two questions from the telephone interviews. 

The first question gauged respondents’ affective risk perception (“Which of the following 

statements best describes your feelings about black bears around your primary home and in your 

area?”) and was coded on a 5-point scale (want to see and have bears in yard/want to see and 

have bears in neighborhood but not yard/want to see and have bears in county or city but not 

neighborhood/uncomfortable with bears even in my county). Although not a direct measure of 

affective risk, we used it as a suitable proxy given that closer proximity to risk increases 

emotional response to risks (Loewenstein et al. 2001; Fischhoff et al. 2003). Thus, the proximity 

at which respondents are comfortable accepting risks associated with bears should reasonably 

represent their degree of dread or worry (affective perception) about these risks. The second 

question gauged respondents’ cognitive risk perception (“How much of a problem would you say 

black bears are for you in your neighborhood or on your property?”). This was coded on a 3-

point scale (no problem at all/minor problem/major problem). Higher scores on both questions 

indicate greater perceptions of risk. 

Respondents were asked to gauge their degree of trust in the performance of VDGIF by 

answering the question, “Overall, do you believe the Virginia Department of Game and Inland 

Fisheries is doing a poor, fair, good or excellent job managing Virginia’s bear population?” 

Answers were coded on a 4-point scale, with higher scores corresponding to higher performance 

trust. 

We developed a 6-point knowledge “quiz” from six individual questions regarding bear 

biology and presence of bears in Virginia. The list of questions used is given in Table 4.1. We 
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coded correct answers to each question as a “1,” with all other responses (incorrect answers) 

coded as a “0.” Scores were summed into a new variable and ranged from 0 to 6. Personal 

experience with bears was determined based on answers from one question in the interview 

(“Have you personally ever seen a black bear that was not in captivity in Virginia”). 

In addition to measuring acceptance capacity at both the state and county levels, spatial 

context was measured by asking respondents whether they considered their place of residence to 

be a large city or urban area, a suburban area, a small city or town, a semi-rural area, or a rural 

area. These responses were coded on a 5-point scale, with higher numbers indicating a more 

rural place of residence. Additionally, respondents were asked about their level of education 

(high school, some college, Associate’s degree, Bachelor’s degree, post-graduate degree), 

income (7 categories ranging from under $20,000 to > $120,000 in $20,000 increments) and their 

age. Gender of respondents was inferred by the interviewer. 

Analyses  

Exploration of relationships between dependent and independent variables 

 General trends in the data were examined using basic summary statistics of variables 

described above. We also examined direct relationships between dependent and independent 

variables to determine if trends in these data were similar to those found in the literature. We 

looked at correlation coefficients between acceptance capacity and independent variables, and 

used one-way analysis of variance (ANOVA) to determine if significant differences existed 

within independent variables at 3 levels of acceptance capacity (decrease, stay the same, 

increase) at both the state and county levels. Student t-tests were used to test for significant 

differences in independent variables between state and county level responses. 

Factors predicting acceptance capacity for bears at the state and county levels in Virginia 
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 We used binomial logistic regression with forward stepwise selection to test for the most 

significant proximate predictors of acceptance capacity at the state and county levels in Virginia. 

We had trouble fitting our data using multinomial regression models because the overwhelming 

majority of respondents indicated they wanted populations to remain the same. These models 

thus had little predictive power for the most interesting levels of the dependent variable (increase 

or decrease). Because we were more interested in determining factors that led to wanting a 

change in bear populations, we removed the middle level of the dependent variable (remain the 

same) from consideration in our regression models and recoded our dependent variables to be 

binomial (0 = decrease, 1 = increase). This left a sample size of 614 at the state level and 410 at 

the county level. 

 We entered 14 independent variables into regression models (Table 4.1) to determine 

their predictive ability of acceptance capacity at both the state and county levels. We tested for 

multicollinearity by examining correlations among independent variables. No variables had 

Spearman’s |r| > 0.6, thus all variables were retained in the models. For each regression model, 

we observed the strength and direction of the relationship of each variable by examining beta 

coefficients and their standard errors, used the Hosmer and Lemeshow goodness-of-fit statistic to 

assess model fit (p-values < 0.05 were considered to have a poor fit), and gauged predictive 

power of the model using both Nagelkerke’s R-square value and classification tables. 

Testing for mediating effects and development of a conceptual model of acceptance capacity of 

black bears in Virginia 

 We explored more complex relationships among independent variables in predicting 

acceptance capacity by testing for mediating effects among variables in regression models. 

Mediating effects occur when a variable accounts for the relationship between a certain predictor 
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variable and the criterion (i.e., acceptance capacity; Baron and Kenny 1986). In order to 

demonstrate the presence of a mediating effect, three conditions must be met: 1) a significant 

relationship must be established between the predictor and criterion and the mediator and the 

criterion, 2) a significant relationship must be present between the predictor and the mediator, 

and 3) a change in the relationship between the predictor and criterion must be present when the 

mediator is accounted for (Baron and Kenny 1986). We tested for mediating effects using a 

series of univariate and multivariate regression models as discussed in Baron and Kenny (1986) 

and used the results from these analyses and our regression models to develop a more 

comprehensive conceptual model for acceptance capacity. 

RESULTS 

General summary statistics 

Just over half (50.3%) of interview respondents were male. The average age of 

respondents was 54 years old. Most respondents (58.8%) had completed at least some college, 

with 31.9% having a Bachelor’s degree or higher. Average household income was between 

$60,000-80,000, with the majority of respondents (73.1%) making less than $80,000 annually. A 

minority (26.8%) of respondents described their residence as being in an urban or suburban area, 

with the remaining respondents living in a small city/town or rural area (Table 4.1). The sampled 

population was somewhat older than the overall population in Virginia, but other demographic 

parameters matched those of the state overall (U.S. Census 2010). 

Most Virginians wanted bear populations in the state and in their counties to remain the 

same. At the state and county levels, respectively, 66.3% and 71.2% of respondents expressed a 

desire for the bear populations to remain the same. Desire for populations to increase at the state 

level was more common than at the county level (21.3% and 12.7%, respectively). Desires for 
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population decreases were more similar across spatial scales (12.4% and 16.1%, respectively). 

Most respondents (62.8%) correctly indicated that bear populations in Virginia had increased 

over the past 10 years, but nearly the same number (62.7%) incorrectly thought the current 

statewide population was endangered, declining, or stable (Table 4.1). Only 37.4% correctly 

indicated that current bear populations in Virginia are increasing. 

Respondents indicated strong existence values for bears in Virginia, with somewhat less 

support for bears near homes (Table 4.1). A majority (62.2%) of respondents indicated they 

support hunting of bears in the state, and 57% had personally seen a non-captive bear in the past 

2 years. Knowledge of bears also was generally high, with the majority of respondents scoring 

greater than 4 out of 6 on the knowledge quiz (mean = 3.8, S.D. = 1.56). 

Cognitive risk perception of bears in Virginia was generally low, though affective risk 

perceptions were somewhat higher. Most (85.9%) respondents did not view black bears as a 

problem at all on their property or in their neighborhoods, though only about one-quarter 

(25.2%) were comfortable seeing and having them there. Just over half (50.4%) were okay with 

seeing or having black bears in their city or county, while the remaining 24.4% weren’t even 

comfortable with this. A large majority of respondents (87.3%) believed VDGIF was doing a 

good or excellent job of managing Virginia’s black bears. 

Relationships between dependent and independent variables 

At both the state and county levels, respondents with lower acceptance capacities for 

bears were significantly more likely to be female, perceive that bear populations in Virginia had 

increased over the past 10 years, have lower existence values for bears, have higher cognitive 

and affective risk perception of bears, have less experience with bears, and have lower 

performance trust in VDGIF than those with higher acceptance capacities (Table 4.2). Those 
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with lower acceptance capacities for bears also had more negative perceptions of their 

experiences with bears. We didn’t observe any significant differences in education or income 

among levels of acceptance capacity at the state or county levels (Table 4.2). 

Additionally at the state level, those with lower acceptance capacities for bears were 

significantly older and perceived that bear populations in the state were currently increasing. At 

the county level, no difference in age was found, and those with lower acceptance capacity 

perceived a stable rather than increasing bear population compared to those who wanted 

populations to remain the same. Also at the county level, those with higher acceptance capacities 

perceived significantly higher increases in bear populations over the past 10 years as well, a 

result not found at the state level. Furthermore, respondents with lower acceptance capacities at 

the county level had significantly lower knowledge scores than those with higher capacities, and 

respondents living in more urban/suburban areas wanted bear populations to remain the same, 

while those wanting populations to increase or decrease were more likely to live in rural areas or 

small towns. No differences in knowledge scores or type of residence were found among levels 

of acceptance capacity at the state level (Table 4.2). 

Responses from those who indicated preference for black bear populations to remain the 

same generally fell in between the mean responses of those with higher and lower acceptance 

capacities (Table 4.2). At the state level, these respondents were more similar to respondents 

with higher acceptance capacities with regard to wildlife use values, cognitive risk perceptions, 

and performance trust assessments. At the county level, these respondents were more similar to 

those with lower acceptance capacities with regard to their personal experience with and 

knowledge of bears. The one exception to this middling pattern was that these respondents had 
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lower wildlife use values than those expressing a desire for any change in the black bear 

population at the county level. 

In addition to differences among levels of acceptance capacity at the state and county 

levels, we found differences in variables between state and county levels as well (Table 4.3). For 

example, respondents with higher acceptance capacities for bears at the county level had 

significantly higher wildlife existence values, wildlife use values, higher knowledge scores and 

significantly more experience with bears than those with higher acceptance capacities at the state 

level. Additionally, those with higher acceptance capacity at the county level also had 

significantly lower affective risk perception and perceived significantly higher increases in bear 

populations both currently and over the past 10 years. Furthermore, females had significantly 

lower acceptance capacities for bears at the county level compared to the state level (Table 4.3). 

Predicting acceptance capacity for black bears in Virginia 

 Hosmer and Lemeshow goodness-of-fit tests indicated good model fit for both county 

and state models (county: p = 0.473; state: p = 0.805; Tables 4.4 and 4.5). Nagelkerke R-square 

values ranged from 0.448 for the state model to 0.598 for the county model. Correct 

classification was 79.5% for the state model and 83.8% for the county model (Tables 4.4 and 

4.5). 

Greater existence value of bears, being male, and decreased affective risk perception 

were all significant predictors of increased acceptance capacity for bears at both the state and 

county levels (Tables 4.4 and 4.5). Decreased cognitive risk perception also was a significant 

predictor at the county level. At the state level, the perception of decreasing bear populations 

over the past 10 years was a significant predictor of increased acceptance capacity as well. 

Knowledge, experience with bears, trust in VDGIF, and other demographic factors (age, income, 
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and education) were not included in models as significant proximate predictors of acceptance 

capacity for bears in Virginia. 

Mediating effects and conceptual model 

 We tested for mediating effects of significant proximate predictors (existence values, 

affective and cognitive risk perception, and perception of current bear populations) on the 

relationship between other independent variables (trust, knowledge, and personal experience 

with bears) and acceptance capacity for bears. We also tested for a mediating effect of 

knowledge on trust because such a relationship is predicted in the literature (Siegrist et al. 2000, 

Earle et al. 2007).  

Univariate logistic regression models indicated significant relationships between all 

mediators and predictors, and between mediators, predictors, and acceptance capacity as required 

in conditions 1 and 2 (Tables 4.6 and 4.7). Results of multiple regressions indicated that 

existence values and affective risk play a mediating role between trust and knowledge and 

acceptance capacity at both the state and county levels (Tables 4.6 and 4.7). Existence values 

also play a mediating role between personal experience with bears and acceptance capacity at 

both levels, while affective risk mediates personal experience and acceptance capacity only at the 

state level (Table 4.6). We found that trust mediates the relationship between knowledge and 

acceptance capacity at the state level, but not at the county level (Table 4.6). Cognitive risk did 

not play a mediating role in any of the relationships we examined. Based on our findings, our 

conceptual models for predicting wildlife acceptance capacity are presented in Figure 4.2. 

DISCUSSION 

Results from this study show that wildlife existence values and affective risk perceptions 

are key predictors of acceptance capacity for bears at multiple spatial scales. This is consistent 



 94 

with other studies of wildlife acceptance capacity, including a study of acceptance capacity for 

cougars in Montana, where attitudes and risk beliefs about cougars were found to be significant 

predictors of increased acceptance capacity (Riley and Decker 2000a; Teel et al. 2010). These 

results suggest that more deep-seated and less easily influenced factors play a more critical role 

in determining acceptance of wildlife than more potentially pliable factors such as knowledge 

and personal experience. This poses real challenges for management agencies. Williams (1979) 

suggested that specific behaviors and attitudes (e.g., hunting participation) at the periphery of the 

cognitive hierarchy are more easily changed than more general values and beliefs (e.g., wildlife 

value orientations), which are located deeper within the hierarchy. Restructuring these general 

beliefs and values involves a complicated reassessment of fundamental values that have driven 

the majority of an individual’s previous decisions and behaviors. This restructuring is thus likely 

to involve more than superficial educational or participatory campaigns generally used by 

wildlife agencies (Fulton et al. 1996). 

 Although conceivably difficult to influence, results of our analyses suggest values and 

risk perceptions are directly linked to more actionable variables such as knowledge and trust. 

Both knowledge and trust were significantly inversely correlated with affective risk perceptions 

and significantly positively correlated with wildlife existence values (Tables 6 and 7). As such, 

educational campaigns to increase stakeholder knowledge of wildlife populations and 

participatory programs designed to build trust may have real potential to influence risk 

perceptions and wildlife value orientations among stakeholders (Needham and Vaske 2008; 

Endter-Wada 1998). Our research does not provide clear evidence of the directionality of these 

relationships in this case.  Further research should be conducted to determine the cause-effect 

nature of these relationships more precisely. 
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We found notable differences in predictors of acceptance capacity at different spatial 

scales (county versus state). In addition to affective risk perception, cognitive risk perception 

also was a significant predictor of acceptance capacity at the county level. This suggests that 

many stakeholders are willing to accept the risks associated with having bears in their state (i.e., 

at a larger scale), but when it comes to living with those risks in their counties or backyards, their 

acceptance capacities decline. Furthermore, perceptions of bear populations over the past 10 

years predicted acceptance capacity at the state but not county scale, indicating that factors that 

could be influenced through education and outreach could play into acceptance judgments when 

risks are not perceived to be so prevalent or immediate. Influence of residence type (rural vs. 

urban) was found only at the county level, again suggesting a contextual influence on acceptance 

capacity. Namely, urban residents are less interested in having bear populations increase in their 

counties. 

Explanations for the large number of respondents who did not report a desire to see a 

change in bear populations could include apathy or a lack of salience to these respondents. 

Respondents desiring populations to remain the same in this study reported relatively high 

wildlife existence values and knowledge scores however (Table 4.2), suggesting that apathy 

might not be the best explanation in this case.  This is consistent with Kellert’s (1983) finding 

that attitudes towards charismatic species such as bears are commonly positive in the general 

public and typically generate a fair amount of public interest. 

If neutral respondents cannot be viewed as apathetic toward wildlife or bears in this 

study, this suggests that a large portion of respondents is generally comfortable with the status 

quo. Samuelson and Zeckhauser (1988) explained status quo bias as consistent with rational 

decision making in the presence of uncertainty. If alternative outcomes to a decision are 
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uncertain (e.g., increasing or decreasing the black bear population), individuals are more likely to 

stick with what they know. Our results showed that most (85.9%) respondents did not see bears 

as problematic for them, and the majority (67.8%) who had seen bears described the encounter as 

positive. Thus, maintaining populations at status quo levels would presumably keep problem 

levels and positive experiences with bears at these same levels as well. Further research could 

aim to determine what factors might trigger this group of respondents to shift from being content 

with the status quo to desiring a change in the black bear population. 

Management Implications 

Understanding factors that influence acceptance capacity of wildlife for various 

stakeholders not only can help managers develop and customize management objectives in 

different areas, but can help them recognize and understand limitations in their ability to 

implement biological management objectives (e.g., increasing bear populations) in areas where 

stakeholder acceptance capacity does not match with these objectives. More affective, intractable 

factors such as risk perception and value orientations can, in fact, play a more pivotal role in 

determining acceptance of wildlife populations and management strategies than biological 

considerations (population size, growth rates, habitat requirements, etc.), requiring stricter focus 

on the human rather than biological dimension at times, and occasional restructuring of these 

strategies altogether. 

Results of our study suggest that wildlife agencies can potentially influence acceptance 

capacity in certain situations by targeting more pliable variables such as stakeholder knowledge, 

personal experience with wildlife, and performance trust, all of which exhibited indirect 

relationships with wildlife acceptance capacity through risk perceptions and values. Specifically, 

there are numerous ways in which agencies can increase stakeholder trust by improving 
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measures of performance. These include handling nuisance wildlife complaints in a timely and 

consistent manner, increased involvement and social interaction with stakeholders (Stern 2010), 

and providing relevant and accessible educational information and increased wildlife viewing 

and hunting opportunities (Responsive Management 2004). Research also has shown that a 

widely transparent public participation program, including conspicuous documentation of public 

opinions, thorough evaluation, response, and incorporation of opinions, and clear explanations 

regarding the purpose and process of participation can increase trust, even when stakeholders 

don’t agree with agency strategies or decisions (Stern 2010). 

Numerous studies have found positive correlations between knowledge and attitudes 

towards wildlife (Kellert 1985; Aipanjiguly et al. 2003; Morzillo et al. 2010), suggesting 

educational outreach campaigns and participatory wildlife programs may be effective at 

increasing knowledge and generating more positive attitudes towards wildlife as well (Fulton et 

al. 1996; Zelezny 1999; Whittaker et al. 2006). However, Frick and others (2004) and Ajzen and 

others (2011) asserted that knowledge alone is not sufficient to change attitudes or behavior, and 

in certain cases even can reinforce negative attitudes (Kellert et al. 1996). Thus educational 

campaigns must not only focus on providing accurate information, but on considering how that 

information will be assimilated by stakeholders in light of their current knowledge, attitudes, and 

values. Overall, a more comprehensive understanding of how stakeholders formulate attitudes, 

evaluate risks and make acceptability judgments regarding wildlife can save agencies and agency 

personnel substantial time, grief, and financial resources over the long term. 

Limitations in analyses 

Limitations in our analyses may have prevented us from uncovering additional important 

predictors and the nature of relationships among variables that determine acceptance capacity. 
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First, we were constrained by existing data and thus could not explore various concepts in ways 

that might have contributed to our model. For example, other concepts of trust, such as social 

trust, may be better predictors of acceptance capacity than performance trust. Alternate value 

orientations (residential and recreational benefits, added constructs of wildlife use, etc.) also may 

influence how acceptance capacities are determined. Furthermore, our operationalization of 

wildlife use values was weak because it was possible for both low and high scores to predict 

desire for populations to increase (e.g., hunters would support hunting and may want populations 

to increase to increase hunting success; wildlife rights activists would not support hunting yet 

still may want populations to increase). Finally, our conceptualization of affective risk may be 

somewhat endogenous and a more direct measure of dread or worry about black bears might 

have been more appropriate in these analyses. More comprehensive conceptualizations of these 

constructs could lead to a more complete understanding of acceptance capacity and an increased 

ability to predict how stakeholders might respond to various management decisions. 

We also were limited by sample size with certain survey items, as some items were not 

asked of all respondents. This prevented us from using numerous survey items that could have 

added to our constructs of values, knowledge, and risk perceptions. Limited sample sizes and 

variable distributions also precluded use of structural equations models to examine the strength 

and nature of relationships outlined in our final conceptual model (Figure 4.2), which may have 

more power to elucidate these relationships more precisely. 
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Figure 4.1. Theoretical model of wildlife acceptance capacity for bears in Virginia, USA. 
Adapted from Stankey and Schindler (2006). 
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Figure 4.2. Conceptual model of wildlife acceptance capacity for bears at both the state and 
county levels in Virginia, USA. Dashed arrows indicate mediating effects. Solid arrows indicate 
significant predictors of acceptance capacity as determined by binary logistic regression. * 
indicates significant variable at county level only, ** indicates significant variable at state level 
only. See Tables 4.4-4.7 for further details.
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Table 4.1. List of variables and response frequencies used in developing a conceptual model of 
acceptance capacity for black bears in Virginia, USA. 
 

VARIABLE (n) QUESTION(S)   FREQUENCIES 

Dependent    
State-level acceptance 
capacity (614) 

In your opinion, should the current black bear population in 

Virginia be decreased (-1), remain the same (0) or be 

increased (1)? 

 
-1 = 12.4%                                     
0 = 66.3%                                   
1 = 21.3% 

    
County-level 

acceptance capacity  

(410) 

In your opinion, should the black bear population in your 

county be decreased (-1), remain the same (0) or be increased 

(1)? 

 
-1 = 16.1%                                     
0 = 71.2%                                   
1 = 12.7% 

    
Independent    
10 year perception of 

bear pop. (1326) 
Do you think black bear populations in Virginia have 

decreased (1), stayed about the same (2), or increased (3) over 

the past 10 years? 

 
1 = 19.4%                                     
2 = 17.8%                                   
3 = 62.8% 

    
Current perception of 

bear pop.  (1341) 
Overall, what do you think the status of the current black bear 

population is in Virginia?                                                                                            

endangered or declining (1), stable and healthy (2), increasing 
(3) 

 

1 = 28.3%                                          
2 = 34.4%                                            
3 = 37.4%   

    
Existence values 
(1429)                            
(sum of 3 questions) 

* How important is it to you to know that black bears exist in 

Virginia?                                                                                                                             

(not important (1), somewhat important (2), very important 
(3))                                                                                                                                              

 
1 = 14.2%                                          
2 = 40.5%                                     
3 = 45.4%   

    
 

* In general, do you support or oppose having black bears in 

Virginia? (strongly oppose (1) - strongly support (5))               
 

1 = 3.4%                            
2 = 4.4%                                   
3 = 9.5%                                     
4 = 41.1%                          
5 = 41.6%   

    
 

* The presence of black bears near my home improves my 

overall quality of life. (strongly disagree (1) - strongly agree 
(5))   

 

1 = 25.2%                           
2 = 26.0%                                   
3 = 16.2%                                     
4 = 18.3%                          
5 = 14.3%   

    
Wildlife use values 
(1486) 

* Do you support or oppose legal, regulated hunting of black 

bears in Virginia?                                                                                                                             

(strongly oppose (1) - strongly support (5))                                                                                                           
 

1 = 19.5%                           
2 = 10.1%                                   
3 = 8.1%                                     
4 = 28.5%                          
5 = 33.7%   

    
Cognitive risk 
perception (1536) 

How much of a problem would you say black bears are for you 

in your neighborhood or on your property?                                                                                  

(not at all (1), minor (2), major (3)) 
 

1 = 85.9%                                   
2 = 11.3%                                            
3 = 2.9%   

    
Affective risk   
perception (1478) 

Which of the following statements best describes your feelings 

about black bears around your primary home and in your 

area?                                                                                   (I 
want to see and have black bears in my yard (1)/ neighborhood 
(2)/city or county (3)/I feel uncomfortable about having black 
bears even in my county (4)) 

 

1 = 12.2%                           
2 = 13.0%                                   
3 = 50.4%                           
4 = 24.4%                                                                        

    
Performance trust 

(1191) Overall, do you believe the Virginia Department of Game and 

Inland Fisheries is doing a poor (1), fair (2), good (3), or 

excellent (4)  job managing Virginia's black bears? 

 

1 = 1.8%                              
2 = 10.9%                                   
3 = 63.6%                           
4 = 23.7%                                                                        
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Personal experience 
(1539) 

* Have you personally ever seen a black bear that was not in 

captivity in Virginia?                 (yes (1), no (0)) 
 0 = 43%                           

1 = 57% 
    
Perception of 

experience with bears 
(860) 

When you encountered a black bear in Virginia, would you 

describe the experience overall as negative (1), neutral (2), or 

positive (3)? 

 
1 = 5.3%                   
2 = 26.9%                   
3 = 67.8% 

    
Knowledge (1546)  
(sum of 6 questions) 

* Based on what you know, do bears currently live in 

Virginia?                                                                                 

(correct (1) = yes; incorrect (0) = no) 
 0 = 6.7%                           

1 = 93.3% 
    
 

* Do black bears currently live in your county of residence?  0 = 19.4%                           
1 = 80.6% 

    
 * Currently, there are bear populations in Virginia.  Do you 

know which species of bear currently live in Virginia?                                                      

(correct (1) = black bear only; incorrect (0) = other response) 
 

0 = 31.7%                           
1 = 68.3% 

    

 
* Do you think black bears living in Virginia eat mostly meat, 

mostly plants, or both about equally?                                                                                                                

(correct (1) = mostly plants; incorrect (0) = other response) 
 

0 = 76.8%                           
1 = 23.2% 

    
 * How frequently do you think female black bears give birth?                              

(correct (1) = every 2 years; incorrect (0) = other response) 
 

0 = 85.9%                           
1 = 14.1% 

    
 * How many people would you say have been killed by black 

bears in Virginia in the last 100 years? (correct (1) = zero; 
incorrect (0) = other response) 

 
0 = 85.7%                           
1 = 14.3% 

    
Type of residence 

(1501) 
Do you consider your place of residence to be a large city or 

urban area (1), a suburban area (2), a small city or town (3), 

a semi-rural area (4), or a rural area (5)? 

 

1 = 11.7%                               
2 = 15.1%                                   
3 = 23.1%                               
4 = 13.6%                          
5 = 36.4%   

    
Education (1463) 

What is the highest level of education you have completed?                                 

(high school (1), some college (2), Associate’s degree (3), 
Bachelor’s degree (4), post-graduate degree (5)) 

 

1 = 41.2%                                     
2 = 17.6%                                   
3 = 9.3%                                                
4 = 18.9%                          
5 = 13.0%   

    
Income (1132) 

Which of these categories best describes your total household 

income before taxes last year?  (<$20,000 (1), $20,000-39,999 
(2), $40,000-59,999 (3), $60,000-79,999 (4), $80,000-99,999 
(5), $100,000-119,999 (6), >$120,000 (7)) 

 

1 = 17.8%                                       
2 = 21.4%                                   
3 = 18.6%                                                 
4 = 15.4%                          
5 = 9.2%                                     
6 = 7.5%                              
7 = 10.2% 

    
Age (1478) 

What is your current age?  mean = 53.6;              
SD = 16.6 

    
Gender (1546) 

Inferred by interviewer (male (0), female (1))   0 = 50.3%                           
1 = 49.7% 
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Table 4.2. Independent variable means for 3 levels of acceptance capacity (dependent variable) 
for black bears at the state and county levels in Virginia, USA. Differences were tested using 
one-way analysis of variance (ANOVA) using Tukey’s HSD post-hoc. Significantly different 
means are denoted with different superscripts. 
 

 State Level  County Level 

Variable decrease same increase   decrease Same increase 

        

Wildlife Existence Values 7.22 A 9.16 B 10.72 C  7.36 A 9.34 B 11.25 C 

        

Wildlife Use Values 3.79 A 3.48 B 3.37 B  3.71 A 3.39 B 3.83 C 

        

Cognitive Risk 0.38 A 0.15 B 0.13 B  0.41 A 0.13 B 0.09 B 

        

Affective Risk 5.16 A 4.16 B 3.60 C  5.15 A 4.08 B 3.29 C 

        

Performance Trust 2.86 A 3.13 B 3.11 B  2.87 A 3.14 B 3.14 B 

        

Personal Experience 0.52 A 0.58 AB 0.65 B  0.48 A 0.58 A 0.75 B 

with Bears        

        

Perception of Bear 
Population 2.69 A 2.45 B 2.26 C  2.62 A 2.38 AB 2.53 B 

in Past 10 Years        

        

Perception of Current Bear 4.17 A 4.04 A 3.79 B  4.13 A 3.96 A 4.12 A 

Population        

        

Knowledge 3.93 A 3.86 A 3.94 A  3.77 A 3.82 A 4.51 B 

        

Type of Residence 5.02 A 4.82 A 4.81 A  5.02 A 4.73 A 5.04 A 

        

Level of Education 3.46 A 3.67 A 3.61 A  3.51 A 3.70 A 3.46 A 

        

Level of Income 5.93 A 5.81 A 5.65 A  5.81 A 5.82 A 5.63 A 

        

Age 5.46 A 5.27 AB 5.08 B  5.44 A 5.19 A 5.30 A 

        

Gender 0.65 A 0.50 B 0.33 C  0.66 A 0.50 B 0.22 C 
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Table 4.3. Means and standard deviations of independent variables used to predict acceptance 
capacity (dependent variable) for black bears at the state and county levels in Virginia, USA. 
Only 2 levels of the dependent variable are shown (decrease and increase). Significant 
differences in variables between levels are indicated. 
 

  County Level State Level    

Variable level Mean SD Mean SD t df p 

         
Wildlife Existence Values decrease 7.36 2.49 7.22 2.53 -0.5 366 0.601 
 increase 11.25 1.84 10.72 2.10 -2.8 451 0.005 
         
Wildlife Use Values decrease 3.71 1.49 3.79 1.48 0.5 382 0.610 
 increase 3.83 1.49 3.37 1.62 -3.1 474 0.002 
         
Cognitive Risk decrease 0.41 0.67 0.38 0.67 -0.5 399 0.650 
 increase 0.09 0.31 0.13 0.42 1.2 477 0.243 
         
Affective Risk decrease 5.15 1.23 5.16 1.20 0.1 399 0.955 
 increase 3.29 1.22 3.60 1.30 2.6 471 0.010 
         
Performance Trust decrease 2.87 0.74 2.86 0.79 -0.1 297 0.911 
 increase 3.14 0.72 3.11 0.70 -0.4 396 0.689 
         
Personal Experience decrease 0.48 0.50 0.52 0.50 0.8 399 0.447 
with Bears increase 0.75 0.43 0.65 0.48 -2.4 474 0.018 
         
Perception of Bear Population decrease 2.62 0.69 2.69 0.64 0.9 341 0.367 
in Past 10 Years increase 2.53 0.81 2.26 0.93 -3.3 445 0.001 
         
Perception of Current Bear decrease 4.13 1.10 4.17 1.15 0.3 345 0.787 
Population increase 4.12 0.99 3.79 1.07 -3.2 447 0.001 
         
Knowledge decrease 3.77 1.76 3.93 1.75 0.9 401 0.389 
 increase 4.51 1.50 3.94 1.64 -3.9 479 0.000 
         
Type of Residence decrease 5.02 1.83 5.02 1.81 0.0 401 0.995 
 increase 5.04 1.74 4.81 1.82 -1.4 479 0.171 
         
Level of Education decrease 3.51 1.83 3.46 1.87 -0.3 401 0.802 
 increase 3.46 1.67 3.61 1.68 1.0 479 0.326 
         
Level of Income decrease 5.81 3.10 5.93 3.18 0.4 401 0.721 
 increase 5.63 2.63 5.65 2.67 0.1 479 0.946 
         
Age decrease 5.44 1.58 5.46 1.51 0.2 377 0.876 
 increase 5.30 1.45 5.08 1.54 -1.5 462 0.126 
         
Gender decrease 0.66 0.47 0.65 0.48 -0.3 401 0.765 
  increase 0.22 0.41 0.33 0.47 2.8 479 0.005 
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 Table 4.4. Binomial logistic regression output for predicting acceptance capacity (desire for 
decrease (0) or increase (1)) of black bear populations at the state level in Virginia, USA. 
 

Variablea β S.E. Wald df p-value 

current pop perception -0.807 0.213 14.29 1 0.000 

affective risk -0.573 0.225 6.50 1 0.011 

gender -0.770 0.371 4.32 1 0.038 

existence values 0.431 0.088 24.25 1 0.000 
aonly significant variables as determined by forward stepwise selection included 

 
 

n 
Nagelkerke 

R2 
Correct 

classification 
Hosmer and Lemeshow 

goodness of fit 

614 0.448 79.5% p = 0.805 
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Table 4.5. Binomial logistic regression output for predicting acceptance capacity (desire for 
decrease (0) or increase (1)) of black bear populations at the county level in Virginia, USA. 
 

Variablea β S.E. Wald df p-value 

affective risk -0.718 0.253 8.05 1 0.005 

cognitive risk -1.390 0.480 8.39 1 0.004 

gender -0.876 0.447 3.85 1 0.050 

existence values 0.467 0.105 19.87 1 0.000 
aonly significant variables as determined by forward stepwise selection included 

 
 

n 
Nagelkerke 

R2 
Correct 

classification 
Hosmer and Lemeshow 

goodness of fit 

410 0.598 83.8% p = 0.473 
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Table 4.6. Tests for mediating effects of predictor variables on acceptance capacity for bears at 
the state level in Virginia. Three conditions necessary to demonstrate mediating effects are 
shown, and only significant mediating relationships are shown. See Methods for further details. 
 

STATE LEVEL           

Condition 1: Significant relationship between predictor and dependent variable (binary logistic regression) 

Variable β S.E. Sig.   

trust .364 .134 .007 
  

affective risk -1.122 .113 .000 
  

knowledge .160 .048 .001 
  

experience .794 .167 .000 
  

existence values .513 .046 .000 
  

      

Condition 2: Significant relationship between predictor and mediator (linear regression) 

Variable β S.E. Sig.   

trust/affective risk -.097 .021 .000 
  

trust/existence values 
.670 .106 .000 

  

knowledge/affective risk 
-.186 .015 .000 

  

knowledge/existence values 
.416 .040 .000 

  

experience/existence values 
.058 .005 .000 

  

experience/affective risk 
-.584 .046 .000 

  

knowledge/trust 
.205 .067 .002 
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Table 4.6. (continued) 
 
Condition 3: Change in relationships between predictor and dependent variables 
in presence of the mediator variable (binary logistic regression)  

Predictor/Mediator Variable β S.E. Sig.  

Predictor trust .159 .154 .304  

Mediator affective risk -1.200 .144 .000  

          

Predictor trust -.012 .175 .944  

Mediator existence values .538 .058 .000  

         

Predictor knowledge -.036 .059 .543  

Mediator affective risk -1.144 .120 .000  

         

Predictor knowledge -.079 .063 .209  

Mediator existence values .527 .048 .000  

          

Predictor experience .078 .212 .715  

Mediator existence values .511 .047 .000  

         

Predictor experience .257 .193 .184  

Mediator affective risk -1.093 .117 .000  

         

Predictor knowledge .093 .059 .117  

Mediator trust .341 .135 .012  
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Table 4.7. Tests for mediating effects of predictor variables on acceptance capacity for bears at 
the county level in Virginia. Three conditions necessary to demonstrate mediating effects are 
shown, and only significant mediating relationships are shown. See Methods for further details. 
 

COUNTY LEVEL           

Condition 1: Significant relationship between predictor and dependent variable 

(binary logistic regression)           

Variable β S.E. Sig.   

trust .520 .161 .001 
  

affective risk -1.616 .163 .000 
  

knowledge .274 .064 .000 
  

experience 1.183 .218 .000 
  

existence values .721 .070 .000 
  

      
Condition 2: Significant relationship between predictor and mediator (linear 
regression) 

Variable β S.E. Sig.   

trust/affective risk -.097 .021 .000 
  

trust/existence values 
.670 .106 .000 

  

knowledge/affective risk 
-.186 .015 .000 

  

knowledge/existence values 
.416 .040 .000 

  

experience/existence values 
.058 .005 .000 
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Table 4.7. (continued) 
 
Condition 3: Change in relationship between predictor and dependent variables in 
presence of the mediator variable (binary logistic regression)  

Predictor/Mediator Variable β S.E. Sig.  

Predictor trust .272 .200 .174  

Mediator affective risk -1.474 .172 .000  

       

Predictor trust .028 .219 .897  

Mediator existence values .730 .080 .000  

      

Predictor knowledge .001 .085 .992  

Mediator affective risk -1.616 .171 .000  

      

Predictor knowledge .029 .089 .745  

Mediator existence values .717 .071 .000  

      

Predictor experience .341 .301 .257  

Mediator existence values .709 .072 .000  
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Conclusions 

 Analysis of black bear habitat use in Canyon de Chelly National Monument (CACH) and 

the surrounding landscape at multiple scales confirmed findings from previous studies of black 

bear habitat use. At the landscape scale (2nd order habitat use), black bears in this region 

appeared to be selecting forested areas with high tree canopy and escape cover (Chapter 2). At 

the home-range scale (3rd order), bears seemed to be selecting areas based on food availability 

(both native foods and non-native Russian olive; Chapter 1). Furthermore, results from GPS 

collar locations revealed long, linear movements consistent with the idea that bears move over 

long distances and utilize a mosaic of habitat and vegetation types to meet their resource needs. 

 Topography appeared to be an important factor in black bear habitat use at the landscape 

level as well, with bears preferring more rugged areas (Chapter 2). This is not a surprising 

finding given the unique nature of the canyon topography in this region. Crevices and ledges 

within the canyon system likely provide bears with escape cover and denning habitat, a key 

component of bear habitat use that was not looked at in this study. Substantial amounts of native 

bear food are found within the mixed-conifer forests along the canyon slopes as well (Chapter 1). 

Access to water sources and roads did not seem to be important drivers of black bear habitat use 

at either the landscape or home-range scale (Chapters 1 and 2). 

 Results from this study also revealed how black bears might respond to large-scale 

restoration efforts and the removal of a key food resource (Chapter 1). This not only has 

implications for ecological factors related to the bear population in CACH (e.g., reproductive 

rates, habitat availability, etc.), but also has potential implications for bear-human interactions in 

the monument. It is clear from model results that 3rd order habitat selection by bears in CACH is 

being driven by the non-native Russian olive (Chapter 1). However, results also revealed that 
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native food sources were an even more important driver of habitat selection at this scale, 

indicating that bears may quickly adapt to the loss of the non-native food source. Results also 

showed that bears use human areas and farmsteads coincidentally with areas with Russian olive 

and prefer higher elevations with more native food resources. This suggests that once olive is 

removed in the lower canyons near human areas, bear-human interactions may become less of a 

problem (Chapter 1). 

 Genetic analyses of black bears in this region indicated a relatively healthy, panmictic 

population across the wider landscape. No substantial genetic structuring was observed in 

multiple analyses, though I did find evidence of a slight isolation-by-distance pattern within the 

population. Additionally, neighbor-joining trees and assignment tests could be suggestive of 

slight population structuring among different portions of the study area, likely explained by 

male-biased dispersal typically found in bears (Chapter 3). Measures of both current (Nb = 24) 

and long-term (Ne = 579) effective population size indicate a relatively high number of breeders 

in the current population and a sufficient amount of gene flow within the larger 

“superpopulation,” suggesting long-term genetic viability for this bear population is relatively 

secure. 

 Our conceptual model of stakeholder acceptance capacity for black bears provides new 

insight into factors and relationships determining how stakeholders formulate attitudes and 

evaluate risks related to black bears. We found that affective risk perceptions and wildlife 

existence values played key roles in determining acceptance capacities for bears in Virginia. 

Other factors such as knowledge of black bears, trust in management agencies, and personal 

experience with bears were not proximate predictors of acceptance capacity, but results showed 

that these factors were significantly mediated by values and risk perception (Chapter 4). Our 
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findings suggest that more deeply-seated and less easily influenced factors (e.g., values and risk 

perceptions) are at the heart of stakeholder attitudes and perceptions of wildlife, making 

influencing these perceptions more difficult. Agencies can indirectly affect these attitudes and 

perceptions, however, by targeting more pliable factors related to wildlife acceptance capacity 

such as knowledge, personal experience with wildlife, and trust in management agencies. 
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Appendix A. Number and frequency of occurrence of food items found in black bear scat (n = 
179) collected in Canyon de Chelly National Monument during 2007-2009. 
 

        

Vegetation   count frequency 

    

 Elaeagnus angustifolia 105 0.59 

 Juniperus spp. 51 0.28 

 Poaceae/Cyperaceae 45 0.25 

 Opuntia spp. 22 0.12 

 Quercus spp. 17 0.09 

 Rhus trilobata 14 0.08 

 Amalanchier utahensis 0 0.00 

 Vitis arizonica 2 0.01 

 Ribes spp. 3 0.02 

 Cornus sericea 1 0.01 

 Prunus spp. 2 0.01 

 Malus spp. 1 0.01 

 unknown vegetation 4 0.02 

Insects       

    

 Formicidae/Vespidae 58 0.32 

Animals       

    

 Orconectes spp. 3 0.02 

 unidentified hair 8 0.04 

Other       

    

 unidentified bone 2 0.01 

 human source 4 0.02 

        

 


