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Abstract 

The bobcat (Lynx rufus) is the most widely distributed and abundant felid in North 

America, whose status is primarily monitored via harvest and associated data. I used a 

combination of harvest and field data to investigate factors affecting spatiotemporal 

dynamics of bobcat harvest and spatial ecology in Minnesota. 

In chapter one, I investigate the socioeconomic and ecological factors that 

affected the number of bobcats harvested in Minnesota. Management of game animals 

requires understanding of factors that affect harvest levels. Although influenced by 

international law, bobcat management is the responsibility of state or provincial agencies, 

and jurisdictional environmental, ecological, and regulatory differences may alter which 

variables influence harvest. Consequently, our understanding of the factors driving 

bobcat harvest should be at a scale similar to that at which they are managed. I associated 

32 years of bobcat harvest data from Minnesota with socioeconomic (e.g., pelt prices, 

license sales) and ecological variables (e.g., prey abundance, bobcat-specific index of 

winter severity) to determine what variables most strongly influenced annual bobcat 

harvest. I constructed candidate negative binomial generalized linear models based on an 

information–theoretic approach and used quasi-likelihood Akaike’s Information Criterion 

adjusted for small sample size to assess the relative performance of each model. My best 

model suggested that annual bobcat harvest in Minnesota was positively related to the 

proportion of scent stations visited by bobcats and season length, and negatively related 

to the proportion of days when the maximum temperature remained below the bobcat’s 

lower critical temperature. My results differ from those of other studies examining factors 
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influencing furbearer harvest that have suggested furbearer harvest is driven primarily by 

pelt price, and suggest that managers can influence the annual harvest of bobcats by 

changing season length.  

In chapter 2, I examine the factors affecting the spatial distribution of bobcat 

harvest in northeastern Minnesota. Understanding which factors limit species 

distributions is fundamental to predicting their response to and impact under 

environmental change. For species that are difficult to monitor, the spatial distribution of 

their harvest represents a common tool used for monitoring populations and can, with 

caution, be used to infer ecological relationships. Despite a nearly three-fold increase in 

abundance over the last 15 years and coincident increase in harvest, the spatial 

distribution of bobcat harvest in Minnesota has remained relatively static. Of particular 

interest is the near total absence of bobcat harvest in the northeastern portion of the state 

because it represents one of five regions designated critical habitat for the federally-

threatened Canada lynx (Lynx canadensis), and anecdotal accounts suggest bobcats may 

threaten the persistence of Canada lynx populations. To explore potential explanations for 

the lack of bobcat harvest in this region I developed candidate binomial generalized 

linear models comparing townships where male and female bobcats were and were not 

harvested to determine whether hunter access and effort, climate, competition, prey 

abundance, or some combination thereof, accounted for the absence of bobcat harvest in 

this region. As judged by Akaike’s Information Criterion corrected for small samples 

sizes, top-ranked models for males and females suggest that the distribution of bobcat 

harvest in northeastern Minnesota is primarily determined by bobcat ecology rather than 
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hunter effort and access. The probability that a male or female bobcat was harvested in a 

township increased with white-tailed deer (Odocoileus virginianus), density and 

decreased with coyote (Canis latrans) density; harvest of females was also positively 

related to the proportion of a township composed of regenerating forest, an index of 

snowshoe hare (Lepus americanus) abundance. My results correspond with those of 

previous studies suggesting that bobcat populations can be suppressed by coyotes, that 

females are more reliant on snowshoe hare than males, and that white-tailed deer form an 

important component of the diet of bobcats at northern latitudes. Furthermore, my results 

suggest that reductions in winter-related mortality of white-tailed deer as predicted by 

climate change and consequent increases in deer density may remove one of the barriers 

to further colonization of the Arrowhead by bobcats, potentially increasing Canada lynx 

exposure to competition and genetic introgression. 

In chapter 3 I use data from two GPS radio-collared sibling adult female bobcats 

and compare estimated home range and core area size to previously published studies of 

bobcat space use in Minnesota and Wisconsin and provide the first published estimate of 

space use overlap among sibling adult females. Social organization influences carnivore 

demography, space use, density and abundance. In bobcats, social organization is thought 

to be affected by multiple interacting factors including relatedness, sex, and prey and 

conspecific density. To provide baseline data on the effect of relatedness on bobcat social 

organization, I examined space use and overlap among two sibling, adult female bobcats 

in east-central Minnesota, and compared these results to previously published research. 

Estimated bobcat home range size was similar to that of previous studies, suggesting 
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stability in home range size across several decades and reliability in our estimates. Home 

range and core area overlap was within the range of previous studies. Importantly, the use 

of two different methods for estimating core area suggested that the subjective use of the 

50% utilization distribution would have underestimated core area size and overlap.  

In the 4
th

 and final chapter, I estimate how environmental features affect the 

suitability of habitat for bobcat reproduction and kitten survival and estimate the extent 

and distribution of bobcat breeding habitat in Minnesota. Distribution models have seen 

widespread adoption for a diversity of conservation applications because they require 

minimal data yet have proven highly predictive of the environmental features tolerated by 

animals. However, there has been limited integration of demography and distribution 

modeling despite empirical evidence suggesting that the environmental conditions 

supportive of reproduction are a subset of those supporting survival. I developed a 

maximum entropy distribution model of habitat suitable for bobcat reproduction and 

kitten survival using locations where kittens were harvested. My distribution model had 

good predictive ability and results suggest that the distribution of riparian forest is the 

preeminent environmental feature explaining the distribution of bobcat reproduction in 

Minnesota. Coyote abundance, row-crop agriculture and prairie were negatively 

associated with habitat suitability, mirroring the results of previous studies. Percentage of 

the study area providing suitable habitat for bobcat reproduction ranged from 23-76%, 

depending on the threshold used to discriminate between suitable and unsuitable habitat. 

Notably, I used data that agencies charged with managing bobcat populations largely 

already gather to develop a highly predictive model of the suitability of habitat for bobcat 
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reproduction. Conservationists without access to harvest data can gather similar data from 

incidental observations of reproduction to provide better insight into the relative 

importance of environmental features for conservation planning and prioritization. 
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CHAPTER ONE 

Socioeconomic and ecological correlates of bobcat harvest in Minnesota 

1.1. Introduction 

Harvest management requires an understanding of which socioeconomic and ecological 

variables influence harvest. Socioeconomic variables include harvest regulations, 

numbers of hunters, cost of licenses, and monetary value of harvested animals (Tumlison 

& McDaniel 1986; Elsken-Lacy et al. 1999; Gehrt et al. 2002; Conroy et al. 2005). 

Ecological variables include weather, sex- and age-class distributions, and the abundance 

of the harvested animal or its food (Noyce & Garshelis 1997; Norman & Steffen 2003; 

Diefenbach et al. 2004; Ryan et al. 2004). Often, variables from both of these categories 

interact to determine harvest. For example, in a study examining factors affecting black 

bear (Ursus americanus) harvest in Pennsylvania, Diefenbach et al. (2004) found that 

both socioeconomic (i.e. hunter density) and ecological variables (i.e. bear age, sex 

distributions, and snow cover) jointly predicted harvest. For species harvested primarily 

for their pelts (e.g. furbearers), economic values strongly influence harvest. For example, 

Gehrt et al. (2002) documented that raccoon (Procyon lotor) harvest in Illinois was 

highly correlated with pelt prices. Likewise, in analyses of gray fox (Urocyon 

cinereoargenteus) and bobcat (Lynx rufus) harvest in Arkansas, harvest rates were 

explained by pelt prices (Peck & Heidt 1985; Tumlison & McDaniel 1985; Elsken-Lacy 

et al. 1999). However, harvest regulations that limit the number of furbearers harvested 

may outweigh the importance of economics (Fortin & Cantin 2004; Hiller et al. 2011). 
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Bobcats are the most heavily traded felid on the international market (UNEP 

WCMC 2009) and the most valuable wild fur resource in portions of their range (Wilson 

2007). In recent years demand for bobcat pelts has increased numerically and 

geographically, and is approaching the historic highs that occurred in the late 1970’s and 

early 1980’s following the bobcats’ inclusion in Appendix II of the Convention on 

International Trade in Endangered Species of Wild Fauna and Flora (CITES).  In many 

states, harvest statistics are the sole means used for monitoring bobcats (Roberts 2008); 

hence, an understanding of the factors affecting harvest, including abundance, will be 

important for informing local and national management of bobcat harvest and 

international oversight of bobcat trade. My objective in this study was to examine factors 

influencing harvest dynamics of bobcats in Minnesota.    

1.2 Methods 

1.2.1 Study Area 

I used data describing 32 years (1977-2008) of environmental conditions and bobcat 

harvest in Minnesota, which lies near the northern edge of bobcat range (Anderson & 

Lovallo 2003). In the last decade, bobcat range in Minnesota has expanded slightly to the 

northwest and southeast and, according to harvest records, currently encompasses the 

northern half of the state (Fig. 1.1). Vegetation in this region consists primarily of mixed 

hardwood, conifer and deciduous forests, and conifer bogs and swamps (Coffin & 

Pfannmuller 1988). Topography generally consists of gently rolling hills with a few 

rocky outcrops; elevation ranges from 274 to 700 m, with the highest elevations in the 

northeast. Climate in Minnesota is continental with cold winters and hot summers: winter 
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(December-February) mean temperatures range from -12
o
 C to -16

o
 C and summer (June-

August) means range from 14
o
 C to 19

o 
C (Minnesota Climatology Working Group 

2010). Average annual precipitation ranges from 53 cm to 81 cm, with higher 

precipitation occurring in the east. Snow cover typically lasts from mid November 

through late March to mid April (Kuehnast et al. 1982).  

Other than a state-wide bounty in place from 1951-1965, bobcat harvest in 

Minnesota was unregulated until 1977, when the Minnesota legislature designated the 

bobcat a game animal. Subsequently, the Minnesota Department of Natural Resources 

(MNDNR) established a limited season and a harvest quota of 5 bobcats per license (from 

1977-83, the quota of 5 was for any combination of bobcats and Canada lynx [Lynx 

canadensis]). Between the 1977-1978 and the 2008-2009 seasons, reported annual bobcat 

harvest ranged from 84 to 890 bobcats (Fig. 1.2). The MNDNR monitors bobcats in 

Minnesota based on scent station and winter track surveys, harvest trends, and a stage-

based population model that uses estimates of survival and fecundity and age and sex 

ratios of harvested bobcats to estimate pre-birth spring population size (Erb 2009a). 

Currently, a limited season, typically spanning 6 weeks from late November to early 

January (1977-2008:



x  = 43 days, SD = 10), and the quota of 5 bobcats per license remain 

in place. The harvest of bobcats is limited to roughly the northern 1/2 of the state, which 

corresponds approximately with current bobcat range, although a few bobcats have 

recently been confirmed in the southeast corner of the state (J. Erb, personal 

communication). In Minnesota, the majority of bobcats are harvested using traps, though 

as many as 46% of bobcats are shot by hunters (Erb 2009b). 
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1.2.2 Explanatory variables 

I used available literature on bobcat biology and ecology and studies of socioeconomic 

factors influencing the harvest of bobcats and other species to select variables that may 

affect bobcat harvest. Socioeconomic variables in the model included bobcat harvest 

season length (range 16-62 days), inflation-adjusted mean pelt price for each season and 

the previous season, the number of trapping licenses sold, and unemployment rates. Pelt 

prices have been shown to influence furbearer harvest (Peck & Heidt 1985; Tumlison & 

McDaniel 1986; Elsken-Lacy et al. 1999; Gehrt et al. 2002), presumably by affecting 

trapper effort, although effort is rarely monitored. To account for this influence, I 

included the mean pelt price, as calculated by the MNDNR from surveys of licensed in-

state fur buyers. I adjusted pelt prices using the Consumer Price Index (U.S. Department 

of Labor, Bureau of Labor Statistics) with a baseline of 2008 to account for inflation. I 

also included pelt prices from the previous season because, until the recent increase in the 

availability of fur market forecasts, trappers would have to base current season pelt prices 

on prices from previous years. I included unemployment to account for possible 

increased effort resulting from greater unemployment. I calculated the season-specific 

unemployment rate as the mean of the monthly non-seasonally adjusted unemployment 

rate in MN (U.S. Department of Labor, Bureau of Labor Statistics) for the months during 

the season, weighted by the number of days in each month when harvest was allowed. 

Because the MNDNR does not currently track harvest effort for bobcats, I included the 

number of furbearer licenses sold as an index of effort.  
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Ecological variables potentially important to understanding harvest included 

bobcat abundance, bobcat age and sex ratios, abundances of primary prey, and an index 

of winter severity. As an index of bobcat abundance I included the proportion of scent 

stations visited by bobcats during scent-station surveys conducted each fall by the 

MNDNR (Erb 2008). I included the proportion of harvest consisting of adults, yearlings 

and juveniles, and the proportion of each age-class consisting of males as determined 

through the examination of the cementum annuli in combination with internal and 

external examination of harvested bobcats (Crowe 1975) because there may be 

differences in the susceptibility of different sex- and age-classes to harvest (Chamberlain 

et al. 1999; Blankenship et al. 2006). I classified adults as bobcats > 2 years of age, 

yearlings as about 1.5 years old, and juveniles as < 1 year old (Erb 2007, Erb 2009b). 

Survival estimates from Mississippi suggest that males are more susceptible to harvest by 

hunters, presumably due to their higher movement rates (Chamberlain et al. 1999). In 

addition, many hunters that use hounds may refrain from harvesting females. Conversely, 

female bobcats more intensively use a small area and more frequently return to the same 

areas making them more predictable and potentially easier to harvest.  Transients 

(generally dispersing juveniles) appear less susceptible to harvest than resident adults, 

possibly because their movements are less predictable as they disperse (Blankenship et al. 

2006). 

I included indices of snowshoe hare (Lepus americanus) abundance, calculated 

from the number of hares harvested and observed during grouse (Bonasa spp.) drumming 

surveys (Larson 2009), and prefawn white-tailed deer (Odocoileus virginianus) density 
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for the forested region (the primary range of bobcats), as modeled by the MNDNR 

(Lenarz 2010). These two species are the primary prey of bobcats in Minnesota (Rollings 

1945; Berg 1979), and studies have shown that during prey shortages, bobcats make 

extraterritorial forays, increase the size of their home range, and may be more prone to 

risky behavior (e.g. approaching traps and human settlements; Knick 1990).  

Using data from the Minnesota Climatology Working Group Website 

(www.climate.umn.edu, accessed 15 September 2010), I calculated the proportion of 

days from 14 days prior to season opener until the end of bobcat season when snow depth 

exceeded 15 cm (hereafter snow depth).  I did the same for the proportion of days when 

the maximum temperature failed to exceed the bobcat’s lower critical temperature of -2
o
C 

(Mautz & Pekins 1989; hereafter temperature). I arbitrarily chose the 2 week buffer prior 

to season opener to capture lagged effect of cold temperatures and snow depth on bobcat 

behavior. To ensure that I captured geographical variation in weather conditions, I 

identified 4 weather stations near the periphery of bobcat range in the 4 intercardinal 

directions. I then calculated Pearson product-moment correlation coefficients (r) for 

paired stations, and if r < 0.70, added another weather station located approximately 

halfway between the two stations. I did this until both climatic variables at a given station 

exhibited collinearity (r ≥ 0.70) with those at 1 other station. To account for missing data, 

I adopted 2 rules. If data were missing for ≤ 5 days in a given month, I assigned the 

missing day(s) the mean of the day immediately prior to and following the missing 

day(s). If > 5 days were missing data in a given month, I used data from the nearest 

weather station with data on those days. Studies of bobcats in Maine and Idaho indicate 
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that bobcat movements are constrained by snow depths ≥ 15 cm (McCord 1974; Koehler 

& Hornocker 1989), which, combined with restricted trapper access from deep snow, 

could reduce susceptibility of bobcats to harvest. Alternatively, deep snow may result in 

more stereotyped movements (McCord 1974), making bobcats easier to detect and thus 

harvest. Bobcats have a relatively high lower critical temperature of -2
o 
C; bobcat 

metabolism increases approximately 4% per degree below this temperature (Mautz & 

Pekins 1989). In comparison, the smaller fisher (Martes pennanti) has a lower critical 

temperature of -20
o 
C (Powell 1979). Consequently, low temperatures increase the 

bobcats’ energetic requirements. To fulfill temperature-mediated energy requirements, 

bobcats must increase their foraging, likely resulting in increased movement rates, which 

have been correlated with harvest probability (Chamberlain et al. 1999), or may be more 

prone to approach trap baits, depredate domestic animals, or approach  human settlements 

(Petraborg & Gunvalson 1962; Applegate & Bahrt 1993), thereby increasing their 

exposure to harvest. Alternatively, bobcats may mitigate cold temperatures by reducing 

their activity, a behavior observed in least weasels (Mustela nivalis) in Poland (Zub et al. 

2009). 

1.2.3 Statistical analysis 

To reduce collinearity among explanatory variables, I calculated Pearson product-

moment correlation coefficients (r) for each pair of variables. If |r| > 0.70 for a pair of 

variables, I used only 1 variable from that pair in a given model. Collinearity was 

detected between proportion of days with snow depth > 15 cm and days when the 

maximum temperature < the bobcat’s lower critical temperature; proportion of days with 
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snow depth > 15 cm and the number of licenses; and inflation-adjusted mean pelt price 

paid per pelt at year t and t-1. These variables were subsequently not allowed to inhabit 

the same model.  

To assess whether a single category of explanatory variables (e.g. social, 

economic, environmental or ecological) or a combination thereof best explained bobcat 

harvest dynamics I constructed 7 a priori candidate models; 6 models contained variables 

from only one of these categories (due to collinearity 2 models containing only economic 

and environmental variables were required) whereas the 7
th

 model included a single 

variable from each category (Table 1). I adopted a negative binomial error structure to 

account for overdispersion (i.e. harvest variance exceeded harvest mean) because failing 

to do so can increase Type I error rates (Zuur et al. 2009). Models took the form of: Y = 

exp(β0 + β1X1 + … βnXn), where Y is the number of bobcats harvested, β0…βn are the 

regression coefficients, and X1…Xn are observed covariate values. I used quasi-

likelihood adjusted Akaike’s Information Criterion adjusted for small sample size 

(QAICC; Burnham & Anderson 2002) to assess the relative performance of each model. I 

subsequently eliminated uninformative parameters from the model with the lowest 

QAICC (sensu Arnold 2010) by sequentially removing the variable with the minimal 

absolute value of β/SE and calculating QAICC for the reduced model (e.g. Pagano & 

Arnold 2009). I continued this process until further variable removal resulted in an 

increase in QAICC.  

Density estimates for deer were not available for some years so I did not include 

this variable in my GLM because doing so would have considerably reduced my sample 
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size. To examine the relationship between deer density and bobcat harvest, I instead used 

simple linear regression of deer density against the residuals of my top-ranked model. All 

analyses were conducted in program R v2.11.1 (www.r-project.org, accessed 1 Sept 

2010) 

1.3 Results 

Reported bobcat harvest totaled 10,435 and ranged from 87 to 983 per year during the 

1977 to 2008 seasons (Fig. 1.2). My global model, which included all variables except 

snow depth and pelt prices (due to their collinearity with other variables) exhibited mild 

overdispersion (ĉ = 1.8), but residuals did not indicate any systematic trends. 

 As indicated by QAICC and model weights, my top-supported model included an 

index of bobcat abundance, season length, temperature, and pelt price from the previous 

season, but was only marginally better than the null model (Table 1.1). Subsequent 

examination of this model revealed that pelt prices were uninformative, and removal of 

this variable resulted in a reduction in QAICC of 2.45; removal of additional parameters 

caused QAICC to increase.  According to parameter estimates from the best 

approximating model after removal of an uninformative parameter (inflation-adjusted 

price pelt at year-1; Table 1.2) and holding other variables constant at their mean, 

increasing the percent of scent stations visited by bobcats from 1% to 1.5% resulted in a 

62% increase in bobcat harvest. Increasing season length from 40 to 60 days resulted in a 

55% increase in harvest, and increasing the proportion of days when the maximum 

temperature < the bobcat’s lower critical temperature from 0.5 to 0.6 resulted in a 11% 

decrease in the number of bobcats harvested (Fig. 1.3). The results of linear regression 
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indicated that deer density failed to improve upon my top-fitted model (R
2
 = 0.01, P = 

0.73, n = 12).  

1.4 Discussion 

1.4.1 Variable effects 

My results indicate that bobcat managers can manipulate the number of bobcats harvested 

by altering season length (Fig. 1.3). However, I caution that harvest rates may not be 

temporally homogeneous throughout the season, and managers should be aware of any 

temporal patterns of harvest rates. For example, data from the 2008-2009 season in 

Minnesota indicate that approximately 33% of bobcats are harvested during the first week 

of the 5-week season and that reducing the season by 1 week at the end of the season 

would decrease harvest by only approximately 12% (Erb 2009b). It is likely that temporal 

heterogeneity in harvest arises for several reasons, including weather, trapper success, 

and whether the last week occurs during the holidays in late December and early January. 

Furthermore, if season length is shortened, hunters and trappers may compensate by 

increasing their effort accordingly and ultimately harvest the same number of bobcats, 

although there will be limits to the extent of this response. Nonetheless, managers should 

be aware of these temporal patterns and may need to make a large reduction in season 

length to achieve a desired harvest reduction. 

The lack of relationship between inflation-adjusted pelt prices and harvest in this 

study contradicts results from some studies (Peck & Heidt 1985; Tumlison & McDaniel 

1986; Elsken-Lacy et al. 1999; Gehrt et al. 2002), but corroborates others (Fortin & 

Cantin 2004; Hiller et al. 2011). There are two explanations for these differing results. 
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First, studies that have identified a relationship between pelt price and harvest (Peck & 

Heidt 1985; Tumlison & McDaniel 1986; Elsken-Lacy et al. 1999; Gehrt et al. 2002) did 

not adjust pelt prices for inflation, which has the effect of overestimating current values 

and underestimating distant ones. For example, $100 in 1977 is equivalent to $360 today 

(US Department of Labor Statistics, Bureau of Labor Statistics). Alternatively, harvest 

regulations that restrict the number of licenses (e.g. Fortin & Cantin 2004; Hiller et al. 

2011) or the number of animals a license holder can harvest (this study) will limit the 

economic potential of a particular species. In Wisconsin for example, bobcat licenses are 

distributed through a lottery system in which participants typically receive a bobcat 

license that allows them to harvest a single bobcat once every three or four years (Dhuey 

& Olson 2008). Due to these regulations, harvested bobcats are highly prized by hunters 

and trappers in Wisconsin, and not a viable source of income. Indeed, most bobcats 

harvested in Wisconsin are turned into taxidermy mounts and are not exported (Dhuey & 

Olson 2008). Unfortunately, no comparable data exist on the ultimate disposition of 

bobcats harvested in Minnesota. Surveys indicate that approximately 40% of harvested 

bobcats are sold to instate fur buyers (Abraham & Dexter 2008) and it is likely an 

additional number are also sold outside the state, suggesting economics might influence 

harvest in Minnesota more than in Wisconsin. However, I suggest that the pattern in 

Wisconsin, where bobcats are not sold because regulations restrict the number of bobcats 

harvested, may be similar to that observed in Minnesota, where bobcat harvest is limited 

by an individual quota, because in both states, bobcats are unlikely to provide substantial 

income. Therefore regulations influence harvests more than economics, mirroring the 
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results of our study and those in which harvest was limited, and contradicting results 

from studies in which regulations were relatively liberal.  

 The negative relationship between harvest and cold temperatures (Fig. 1.3) may 

indicate two things: colder temperatures either decrease bobcat susceptibility to harvest, 

potentially by reducing movement rates, or else cold temperatures decrease harvest effort. 

I suspect the former is more likely because the majority of bobcats in Minnesota are 

trapped (Erb 2009b), and therefore do not require trappers to spend long periods 

outdoors. Taken in conjunction with the bobcat’s relatively high lower critical 

temperature (-2
o
C; Mautz & Pekins 1989) it seems unlikely that my variable would 

capture the effect of decreased effort and the relationship is most likely due to the 

decreased susceptibility of bobcats to harvest when temperatures fall below their lower 

critical temperature.   

The failure of the number of furbearer licenses sold (my index of harvest effort) to 

explain bobcat harvest, and its non-correlation with mean pelt price, is surprising because 

it is assumed that pelt price drives effort, which in turn drives harvest (Fortin & Cantin 

2004). However, as bobcats are relatively difficult to trap relative to other furbearers, and 

license-holders are allowed only 5 bobcats, it is possible bobcat harvest will only be 

influenced by fur markets if prices change dramatically and that sales of licenses that are 

not specific to bobcats may be primarily influenced by pelt prices for species for which 

there are no quotas. Alternatively, it is possible that license sales do accurately reflect 

effort, but fails to exhibit a relationship with harvest because bobcat abundance in 

Minnesota has not changed to the degree that it would result in appreciable changes in 
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effort. Future research should attempt to assess whether harvest adjusted by effort is an 

accurate index of bobcat abundance.   

1.4.2 Management implications 

In my study, season length and bobcat abundance as indexed by scent station indices 

were the best predictors of bobcat harvest, but cold weather mitigated this relationship. 

Importantly my results differ from those of other studies examining the influence of pelt 

price on harvest, suggesting that jurisdictional regulatory, environmental and ecological 

differences may alter which variables influence harvest. Where bobcat harvest 

regulations are more liberal and bobcat pelts more valuable (e.g. in the intermountain 

west), pelt prices may exert a greater influence on harvest. Cold temperatures reduced 

bobcat harvest, most likely due to the effect of cold on bobcat behavior, but are unlikely 

to affect bobcat harvest in warmer climates. Consequently, knowledge of local factors 

affecting harvest may be required. 
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CHAPTER TWO 

Constraints on the distribution of bobcat harvest in northeastern Minnesota: 

Implications for Canada lynx conservation 

2.1. Introduction 

Climate change has facilitated the poleward and upward range expansion of numerous 

species (Forsman & Mönkkönen 2003; Parmesan & Yohe 2003; Hitch & Leberg 2007). 

For species whose trailing range edge is defined by climate, poleward and upward range 

contraction has been documented and is expected to continue (Pounds et al. 2005; 

Anderson et al. 2009; Copeland et al. 2010). However, for species whose trailing edge is 

not defined by climate, the consequences of a changing climate are less clear. 

Biogeographical theory (MacArthur 1972) suggests that, in the absence of physical 

barriers, the trailing edge of many species distributions are constrained by biotic factors 

such as competition, predation, or disease. Consequently, the primary impact of climate 

change on these species may be the geographic or temporal range expansion of 

competitors, predators, and parasites released from climatic constraints (Hersteinsson & 

MacDonald 1992; Buskirk et al. 2000; Pounds et al. 2006), rather than physiological 

stress caused by changes in temperature and precipitation regimes.  

With the possible exception of remotely-sensed data, information gathered from 

harvested game animals likely represents the most abundant and wide-scale ecological 

data available and is commonly used as an index for monitoring populations (Caughley 

1977). The bobcat (Lynx rufus) is the most widely distributed and abundant felid in North 

America (Sunquist & Sunquist 2002) and a popular game animal whose status is largely 
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tracked using harvest data (Roberts & Crimmins 2010). Despite an estimated 3-fold 

increase in abundance over the last 15 years and a similar increase in harvest (Kapfer & 

Potts 2012), the geographical distribution of bobcat harvest in Minnesota has remained 

relatively static (Erb 2009). Notably, harvest of bobcats remains rare in the west, a region 

of intensive row-crop agriculture, to the south, a region of increasing suburbanization, 

and to the northeast (Fig. 2.1; hereafter the Arrowhead). Of particular interest is the lack 

of harvest in the Arrowhead, partially because, unlike the other two regions, human 

influence remains minimal, and harvest of other furbearers is common, suggesting that 

the lack of bobcat harvest in the region may be indicative of a non-human ecological 

limitation to bobcat range.  

Bobcat biology in combination with the winter climate of the Arrowhead provide 

a compelling hypothesis for the bobcats’ rarity. The Arrowhead experiences colder 

temperatures, greater snowfall and greater snow depth than the rest of Minnesota 

(Minnesota Climatology Working Group 2010). Relative to similarly-sized mammals of 

northeastern Minnesota, bobcats exhibit high lower critical temperatures during winter 

(Mautz & Pekins 1989). Consequently, when ambient temperatures fall below -2
o 
C, 

bobcats must increase their metabolism and ultimately their food consumption, 

representing an increase in energy expenditure of approximately 4% per degree below 

their lower critical temperature (Mautz & Pekins 1989). In comparison the winter lower 

critical temperatures of red fox (Vulpes vulpes), porcupine (Erethizon dorsatum), fisher 

(Martes pennanti) and coyotes (Canis latrans) are -13, -12, -20 and -10
o
C, respectively 

(Irving et al. 1955; Shield 1972; Powell 1979). Consequently, bobcats suffer reduced 
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stores of body fat following periods of deep snow and cold temperatures (Litvaitis et al. 

1986b), and frequently succumb to starvation during winter (Knick 1990). In addition, 

bobcats have a higher mass:footpad (footload) than do snowshoe hare (Lepus 

americanus), one of their primary prey (Rollings 1945; Berg 1979), or sympatric 

carnivores (e.g. Canada Lynx (Lynx canadensis), fisher, marten, Buskirk et al. 2000). 

Bobcats have adapted behaviorally by avoiding areas of deep snow (McCord 1974), even 

when those areas have abundant prey (Petraborg & Gunvalson 1962), and by restricting 

their movements to the relatively snow-free southern facing slopes and lower elevations 

in winter (Koehler & Hornocker 1989).  

If bobcat distribution is constrained by winter climate, climate change may yield 

consequences for the federally threatened Canada lynx. The Arrowhead encompasses one 

of five regions designated as critical habitat for the federally-threatened Canada lynx, and 

anecdotal accounts suggest that Canada lynx are competitively excluded (Parker et al. 

1983; Hoving et al. 2003; but see Hoving et al. 2005) or may experience gene-swamping 

(Homyack et al. 2008) where they occur sympatrically with bobcats. If bobcat harvest in 

the Arrowhead is indicative of bobcat distribution, determining the factors limiting the 

northern boundary of bobcat harvest is of great importance for predicting the potential 

effect of environmental change on the future of Canada lynx in Minnesota. 

My goal was to identify factors important to predicting the spatial distribution of 

bobcat harvest in the Arrowhead. Specifically, I sought to determine which factors—

hunter access and effort, interspecific competition, prey abundance, climate, or some 
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combination thereof—were most important to predicting the distribution of bobcat 

harvest in the Arrowhead. 

2.2. Methods 

2.2.1. Study Area 

Multiple definitions of the area included in the Arrowhead exist but for the purposes of 

this study I defined the Arrowhead region as the region encompassed by Cook, Lake and 

St. Louis counties in northeastern Minnesota. These three counties fall primarily within 

the Northern Superior Uplands ecological section and hence exhibit similar ecological 

characteristics (Cleland et al. 1997). Combined, these counties cover ~ 27,500 km
2
. 

Locations of harvested bobcats during the last decade suggest that bobcat distribution 

encompasses ~ 36% of this region, or 9,900 km
2
, with most harvest occurring in the 

southwestern portions of St. Louis County (Fig. 2.1). Vegetation within the Arrowhead 

consists primarily of conifer (Picea spp.) and deciduous forests (Betula papyrifera, 

Populus spp.), and conifer bogs and swamps (Thuja occidentalis; Friedman and Reich, 

2005). Topography generally consists of rolling hills with a few rocky outcrops which 

increase in frequency and area to the northeast, and both the highest (701 m) and lowest 

(183 m) elevations in Minnesota occur in the Arrowhead. Mean temperatures in this 

region range from 14 to 17 
o
C from June to August and -14 to -11 

o
C from December to 

February (Minnesota Climatology Working Group, 2010). Precipitation ranges from 68 

to 78 cm, with ~ 180 cm of snow per year. Snow cover generally lasts from 140 to 160 

days (Kuehnast et al. 1982). In addition to bobcats and Canada lynx, this region also 

supports moose (Alces alces), white-tailed deer (Odocoileus virginianus), American 
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black bears (Ursus americanus), American martens (Martes americana), fishers, gray 

wolves (Canis lupus), and coyotes.  

2.2.2. Variable selection and data collection 

I used townships where bobcats were harvested during the 2001 to 2010 hunting seasons 

as my sample of bobcat presences. All bobcats harvested in Minnesota must be turned 

over to the Minnesota Department of Natural Resources (MN DNR), with the majority 

being turned over during scheduled furbearer registration dates. Bobcats were 

subsequently sent to a MN DNR laboratory where their sex was determined by external 

and internal examination of reproductive tracts. 

I created a data layer containing townships where bobcats were harvested within a 

geographic information system (ArcGIS v. 9.2, ESRI, Redlands CA, USA). I selected 

townships without a harvest record during the last decade that were contiguous with 

townships with a recorded harvest as a sample of bobcat absences, excluding townships 

that would not have been subject to presence sampling (i.e. municipalities and state parks 

where hunting was not allowed). For each township I used the ArcGIS extension Hawth’s 

Tools (Beyer 2004) to calculate explanatory variable values (Table 2.1). Because 

townships varied in size, I calculated the proportion rather than absolute area within each 

township consisting of each spatial explanatory variable. In cases where townships 

overlapped multiple polygons of an explanatory variable coverage I calculated the 

explanatory variable as the area-weighted mean value and calculated density (m / km
2
) 

for linear features (e.g. minor roads, snowmobile trails). 
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I used literature on bobcat ecology and harvest distribution to identify explanatory 

variables relevant to predicting bobcat distribution owing to their effect on bobcat vital 

rates and hunter access and effort (Table 2.2). Prey abundance has been linked to 

mortality, emigration, and fecundity rates in bobcats (Bailey 1974; Knick 1990). 

Snowshoe hare (Lepus americanus) and white-tailed deer are the primary prey of bobcats 

in this region (Rollings 1945; Berg 1979) and I included deer density as modeled by the 

MN DNR (Lenarz 2010) and regenerating forest because in Minnesota snowshoe hare are 

most abundant in this covertype (McCann & Moen 2011). I used regenerating forest from 

the 2008 refresh of LANDFIRE spatial layers (LF 1.1.0), a 30 m raster dataset produced 

by the United States Geological Survey and Department of Agriculture primarily used to 

map fire hazard. Coyotes (Canis latrans) kill bobcats (Gipson & Kamler 2002) and 

competition with coyotes (Nunley 1978; Henke & Bryant 1999) and fisher (Gilbert & 

Keith 2001) may suppress bobcat abundance and fecundity. I included coyote and fisher 

densities as indices of competition intensity. I used inverse-distance weighting of the 

proportion of scent stations visited along transects during annual scent station surveys 

conducted by the MN DNR to interpolate coyote density using the spatial analyst 

extension in ArcGIS. I estimated fisher density by using fisher harvest per township (MN 

DNR unpublished data), recognizing that fisher harvest may also indicate hunter effort 

and the accessibility of townships given some overlap in the methods typically used to 

trap bobcats and fishers. To estimate hunter access, I used road and snowmobile layers 

available on the MN DNR GIS website (http://deli.dnr.state.mn.us/, accessed 1 Feb 

2011). I selected a subset of road classes from the roads layer based on a subjective 

http://deli.dnr.state.mn.us/
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expectation of traffic volume and reclassified these roads as minor roads; road classes 

classified as minor roads included state forest, reservation, and organized and 

unorganized township roads.  

Because no continuous coverages of snow depth (as an index of sinking depth) or 

maximum daily temperature relevant to bobcat biology were available I created 

coverages using data from individual weather stations scattered throughout bobcat range 

and the Arrowhead (Minnesota Climatology Working Group, 2010). I identified weather 

stations with ≥ 3 complete years of data from 2001 to 2010 and calculated the proportion 

of days when snow depth ≥ 15 cm (hereafter snow depth) and maximum temperature < -

2
o
C (the bobcat’s lower critical temperature; Mautz & Pekins, 1999; hereafter 

temperature) for each station from 1 Oct to 30 Apr.  

2.2.3. Statistical analyses 

I developed a linear model of snow depth and temperature relative to the latitude, 

longitude and elevation of each weather station. Because I was interested in maximizing 

model fit rather than parsimony I took a fully exploratory approach and examined all 

possible interactions and additive model forms but did not include quadratic terms 

because visual inspection of scatterplots failed to indicate any non-linear relationships. I 

chose the top model for each response based on its coefficient of determination and used 

model coefficients to estimate snow depth and temperature for each section in MN. I 

examined model residuals for autocorrelation and normality.  

I developed binomial generalized linear models comparing townships where male 

or female bobcats were harvested to contiguous townships where they were not. Prior to 
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analysis I standardized all variables so they would have a mean of zero and a standard 

deviation of one. I prescreened explanatory variables for collinearity using Pearson 

product-moment correlation coefficients (r) and in cases when |r| > 0.70 did not use 

correlated variables in the same model. I took a two-step approach for model selection. 

First I combined non-correlated variables into candidate models to determine whether 

hunter access, interspecific competition, climate, or prey abundance best explained 

bobcat harvest and ranked these models using Akaike’s Information Criterion adjusted 

for small sample size (AICC; Burnham & Anderson 2002). Secondly, I added all non-

correlated variables into a single model and sequentially deleted the least informative 

variable (sensu Arnold 2010) as judged by minimal absolute value of β/SE, and 

continued this process until further variable removal resulted in an increase in AICC (e.g. 

Pagano & Arnold 2009). I used Somers’ Dxy to measure the predictive ability of the 

resulting models. Somers’ Dxy estimates the rank correlation between model predictions 

and observed responses and is related to the area under the receiver operating curve 

commonly used to assess the predictive ability of distribution models. Somers’ Dxy 

ranges in values from 0 to 1, with Dxy = 0 indicating that model predictions are no better 

than random, and Dxy = 1 indicating that model predictions are perfect. I adopted the 

approach of Giudice et al. (2012) and used bootstrapping to calculate a bias-corrected 

version of Dxy. I visually assessed correlograms of Pearson residuals to determine if 

spatial autocorrelation was present (Zuur et al. 2009). All statistical analyses were 

conducted using program R v2.11.1 (www.r-project.org, accessed 1 Sep 2010). 

2.3. Results 

http://www.r-project.org/
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As assessed by their coefficient of determination, the best model explaining the 

proportion of days when the maximum temperature < -2
o
C contained additive terms for 

latitude, longitude, and an interaction between longitude and elevation (R
2
 = 0.64, P = < 

0.001, n = 43). The best model explaining the proportion of days when snow depth > 15 

cm also contained additive terms for latitude, longitude and elevation but also included an 

interaction term between latitude and elevation (R
2
 = 0.7903, P = < 0.001, n = 38). Model 

residuals fit assumptions of normality and did not exhibit autocorrelation. 

From 2001 to 2010 female and male bobcats were harvested in 89 and 75 

townships in the Arrowhead and I compared these to 113 and 106 contiguous townships, 

respectively, wherein no females or males were harvested. As indicated by AICC and 

model weights, the category of variables that best explained where females were 

harvested was prey abundance (Table 2.3). Subsequent combination of all variables into a 

single model and elimination of uninformative parameters decreased the lowest category-

based model by > 5 AICC  units (Table 2.3), with the resulting model for females 

containing terms for deer, coyote and snowshoe hares (Table 2.4). The model that best 

explained the distribution of male harvest was also prey abundance, but subsequent 

elimination of uninformative variables from the full model decreased AICC by > 5 and 

contained terms for deer and coyotes (Table 4). Predictive ability of the female model 

(Dxy = 0.46) was slightly lower than the male model (Dxy = 0.50). Examination of 

correlograms revealed non-significant autocorrelation among Pearson residuals. 

2.4. Discussion 

2.4.1. Bobcat harvest distribution 
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Although I used townships where bobcats were harvested as an index of bobcat 

distribution, hunter access, as measured by the density of snowmobile trails and minor 

roads, was not predictive of the distribution of bobcat harvest, suggesting that 

accessibility does not explain the distribution of bobcat harvest in the Arrowhead. 

Previous studies have shown that temporal trends in bobcat harvest in Minnesota are 

primarily driven by bobcat abundance (Kapfer & Potts 2012), and annual snow track and 

scent stations surveys support the conclusion that bobcats are as rare in the Arrowhead as 

harvest indicates (MN DNR, unpublished data). Conversely, the variables that were 

predictive of bobcat harvest distribution were related to bobcat ecology rather than hunter 

access. In combination, these three factors provide compelling evidence that the 

distribution of bobcat harvest in Minnesota is indicative of bobcat distribution rather than 

hunter access and effort. 

My results add to the growing evidence that coyotes suppress bobcat populations 

(Nunley 1978; Henke & Bryant 1999) but challenge the suggestion that fishers may 

(Gilbert & Keith 2001). Bobcats and coyotes are sympatric throughout bobcat range at 

coarse scales, but at finer scales coyotes exclude bobcats (Thorton et al. 2004), and 

control of coyotes has consistently resulted in increases in bobcat populations (Nunley 

1978; Henke & Bryant 1999). The suppression of bobcat populations by fisher predation 

on bobcat kittens was hypothesized by Gilbert and Keith (2001). However, my results 

suggest that fisher harvest density does not affect the distribution of bobcat harvest. 

Because I used fisher harvest as an index of fisher density and harvest locations of 

bobcats as an index of bobcat distribution, a positive relationship between the two may 
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have suggested that fisher harvest is reflecting hunting effort or accessibility or, 

alternatively, that bobcats and fishers have similar ecological requirements not accounted 

for in the other explanatory variables because fisher and bobcat niches overlap 

extensively (Gilbert & Keith 2001). The lack of either relationship suggests that fishers 

do not suppress bobcat populations or capture hunter effort and access as it pertains to the 

harvest of bobcats. 

My results concur with analyses of the diet of bobcats at northern latitudes that 

have indicated a heavy reliance on white-tailed deer (Rollings 1945; Berg 1979) and the 

propensity for female bobcats to consume more snowshoe hare and less white-tailed deer 

than males (Litvaitis et al. 1986a; Gilbert and Keith 2001; but see McLean et al. 2005). 

Because white-tailed deer provide greater energy (kcal/g) and digestible dry matter than 

do snowshoe hare (Powers et al. 1989), can provide bobcats with food for multiple days 

(McCord 1974), and are more vulnerable to predation during winter (Nelson & Mech, 

1986), their importance during energetically-expensive winters (Mautz & Pekins 1989) is 

unsurprising. Interestingly, the expansion of bobcats into northern Minnesota (Rollings 

1945) coincided with increased densities of white-tailed deer populations in the northern 

forests of Minnesota (Erickson et al. 1961) following the extensive conversion of mature 

mixed conifer-broadleaf forests to earlier successional stages thereby improving deer 

forage (Alverson et al. 1988; Schulte et al. 2007), providing further evidence of the 

bobcat’s reliance on deer at northern latitudes. I speculate that bobcat colonization of 

northern Minnesota was the result of increased deer densities resulting from the land-

clearing and succession of northern forests.  



 

 25 

2.4.2. Conservation implications for the Canada lynx 

Contrary to my predictions, bobcat distribution in northeastern Minnesota does not 

appear to be directly limited by snow depth or winter temperature. Nonetheless, bobcat 

colonization of the Arrowhead may still be facilitated by climate change, presenting 

serious implications for the persistence of Canada lynx in the region. The population 

growth rates of white-tailed deer in northern Minnesota have been linked to winter 

severity (Mech et al. 1987; Post & Stenseth 1998). Climate change predictions for this 

region suggest that winter temperatures and precipitation will increase (Galatowitsch et 

al. 2009). If the temperature increases sufficiently, precipitation may fall as rain rather 

than snow and snow melt may increase, suggesting that while precipitation may increase, 

snow fall and hence snow depth may not. This prediction is supported by snow fall 

predictions in Wisconsin, wherein winter precipitation is expected to increase while snow 

fall, depth and the length of the snow season decrease (Notaro et al. 2011). If snow depth 

and duration decrease in the Arrowhead, it will reduce deer mortality in the region, and 

potentially bring about increased densities (Thompson et al. 1998), as has been 

hypothesized to have occurred in Alberta (Latham et al. 2011). If deer density increases 

in the Arrowhead, my results suggest one of the barriers to bobcats in this region (i.e. low 

deer densities) will be removed, and subsequent expansion further into the Arrowhead 

may occur. Whether this expansion will affect the resident population of Canada lynx is 

debatable (Parker et al. 1983; Buskirk et al. 2000; Hoving et al. 2003; Hoving et al. 2005; 

Murray et al. 2008). Current management plans for this region call for maintaining deer 

at low densities owing to their putative effect on declining moose populations (MN DNR, 
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2011) which may simultaneously benefit Canada lynx. Ironically, the coyote, another 

putative competitor of the Canada lynx (Buskirk et al. 2000), may limit bobcat 

colonization of the Arrowhead, and provide respite for lynx in Minnesota.  
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CHAPTER THREE 

Winter home range and core area size and overlap of sibling adult female bobcats in 

east-central Minnesota 

3.1. Introduction 

Bobcats (Lynx rufus) are solitary, territorial carnivores that range from southern Canada 

to the mid-latitudes of Mexico. Home range and core area size and overlap have been the 

focus of multiple studies of bobcat spatial ecology. Results have generally suggested that 

although male space use overlaps considerably, female space use tends to be more 

exclusive (Bailey 1974; Knick 1990; Lovallo & Anderson 1996; Diefenbach et al. 2006), 

especially at the scale of the core area (Chamberlain & Leopold 2001; Nielsen & Woolf 

2001). However, the extent of overlap varies substantially among studies, as do the 

methods for estimating it (Table 3.1; Thornton et al. 2004; Diefenbach et al. 2006). The 

reasons for this variation in overlap are unknown, but the degree of space use overlap 

among bobcats has been hypothesized to be affected by multiple, interacting factors 

including sampling intensity (e.g. location frequencies or whether all bobcats within a 

study area are monitored), relatedness (mother-offspring or siblings; Chamberlain & 

Leopold 2001; Thornton et al. 2004), and conspecific (Benson et al. 2006; Cochrane et al. 

2006; Diefenbach et al. 2006) or prey density across time and space (Bailey 1974; Knick 

1990).  

Evidence supporting the relatedness hypothesis comes from bobcat social 

organization, in which female offspring exhibit philopatry (Janečka et al. 2007; Croteau 

et al. 2010), whereby female offspring establish home ranges within or contiguous with 
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their maternal home range, and from the differences among home range and core area 

overlap among individuals within populations inhabiting similar ecological conditions 

(bobcat and prey densities) and subject to similar monitoring effort (Chamberlain & 

Leopold 2001). Genetic analyses make it possible to ascertain familial relationships, and 

the only study to date employing telemetry and genetic data suggests little relationship 

between pairwise relatedness and overlap among parent-offspring dyads (Janečka et al. 

2006), but as of yet, no published studies have documented home range overlap among 

adult siblings. Herein I provide the first published data on home range and core area 

overlap among full sibling adult female bobcats and compare estimates of home range 

and core area size to previously published results. 

3.2. Methods 

3.2.1. Study Area 

This study took place in Saint Croix State Park, located in east-central Minnesota (Fig. 

3.1) Uplands in the study area were dominated by stands of deciduous forest containing 

aspen (Populus tremuloides), northern red oak (Quercus rubra) and jack pine (Pinus 

banksiana). Lowland areas were dominated by gray alder (Alnus incana), ash (Fraxinus 

spp.) and tamarack (Larix laricina). Climate in the study area is continental with cold, 

dry winters and hot, humid summers; temperature means range from -13 C in January to 

21 C in July and mean precipitation is 76 cm (Minnesota Climatology Working Group 

2010). Topography in the area is characterized by gently rolling hills with elevation 

ranging from 100 to 350 meters asl.  

3.2.2. Field Methods 



 

 29 

I trapped bobcats using cage traps baited with beaver meat and commercially-available 

lures. I used a jabstick to administer an intramuscular injection of tiletamine-zolazepam 

at 10 mg / kg estimated weight (Kreeger & Arnemo 2007). I classified bobcats as adults 

based on weight (Crowe 1975) and tooth wear, and fit the bobcats with a 350g GPS collar 

(Advanced Telemetry Systems) programmed to acquire a location every four hours. I 

took an ear punch for subsequent DNA analysis. I monitored bobcats until they had 

recovered from anesthesia. All trapping and immobilization procedures were approved by 

the University of Minnesota Institutional Animal Care and Use Committee 

(0803A28826). 

3.2.3. Data Analysis 

I prescreened collar locations to improve (decrease) location error by removing those 

acquired with < 4 satellites or with horizontal dilution of precision values > 5 (Dussault et 

al. 2001). I modeled adaptive and fixed kernel utilization distributions (UDs; Worton 

1989) and assessed how well they fit location data using likelihood cross-validation 

criterion (CVC; Horne & Garton 2006) in program Animal Space Use (Version 1.3). To 

prevent over- and under-smoothing I used the ad hoc method for choosing the smoothing 

parameter for 95% UDs (sensu Berger & Gese 2007). This method involves choosing the 

smallest reference bandwidth that produces a contiguous 95% UD. Whereas the typical 

method for delineating core areas entails estimating 50% isopleths or MCPs, I estimated 

core areas as the “area within which an animal spends a maximum amount of time” 

(VanderWal & Rodgers 2012) because, as pointed out by VanderWal and Rodgers (2012) 

this definition of a core area is both repeatable and biologically relevant. This method 
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defines the core area by taking the first derivative of a non-linear least squares curve of 

an animal’s UD against isopleth volume to determine when the slope equals one, at 

which point the proportional area of a UD increases at a greater rate than isopleth 

volume. Analysis of the inflection points was conducted in the base package of R 

(Version 2.11.1, R Development Core Team). I also used the Home Range Tools 

extension (Rodgers & Kie 2007) in ArcGIS (Version 9.2, ESRI) to estimate area-added 

(White & Garrott 1990) 95% minimum convex polygons (MCP) and 50% UDs for 

comparison to previous studies and to qualitatively compare differences in overlap 

arising from different definitions of core areas. I assessed the effect of the number of 

locations on MCP home range size by constructing area-accumulation curves using the 

software BIOTAS (Version 2.0, Ecological Software Solutions). 

I estimated home range and core area overlap as the percentage of each bobcat’s 

95%, 50% and core area UD isopleths that were encompassed by the corresponding 

isopleth of the other bobcat because use of this method is intuitive and directional (i.e. 

estimated overlap differs for each individual). Because this measure does not account for 

overlap in isopleth volumes it will produce biased estimates of the overlap in space use 

(Fieberg & Kochanny 2005). Consequently, I also calculated the UD overlap index 

(UDOI) which is a function of the product of isopleth volumes for both animals and 

indicates the extent to which shared areas are used. The UDOI equals zero if UDs do not 

overlap and > 1 if overlap in space use is greater than expected given uniform space use. I 

estimated movement rates by dividing the distance moved by the number of hours 

between successive locations.  
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3.2.4. Genetic analysis 

Nineteen microsatellite markers were amplified using standard techniques with estimated 

population allele frequencies taken from concurrent research being conducted on the 

landscape genetics of bobcats in the Midwest (Reding 2011). Maximum-likelihood 

estimation of relatedness was accomplished using the program ML-RELATE 

(Kalinowski et al. 2006). 

3.3. Results 

Two adult female bobcats were trapped and fitted with radio-collars during the winter of 

2008. Bobcat F1 weighed 10 kg and F2 weighed 9.5 kg. Both bobcats shed their collars 

prior to the date they were programmed to fall off. F1 retained her collar for 150 days 

(Oct. 2008-Mar. 2009) and F2 retained her collar for 66 days (Feb.-Apr. 2009) resulting 

in 188 and 70 locations suitable for use, respectively.  

Based on 999 simulations, the relationship best fit by analysis of the 19 

microsatellites indicated the bobcats were full-siblings, i.e. offspring of the same parents 

(P<0.05). 

Examination of area-accumulation curves indicated that ~40-60 locations were 

sufficient to estimate MCP home ranges; however, home ranges continued to increase 

with more locations but with a decreasing slope. Cross-validation criterion indicated that 

adaptive UD outperformed fixed UD estimators for both bobcats (ΔCVC > 7). The 

isopleths at which proportional area increased faster than volume occurred at 58 and 66% 

for bobcats F1 and F2, respectively. Bobcat F1’s 95%, core area, and 50% UD 

encompassed 26.84, 6.19, and 2.63 km
2
, respectively, and F2’s encompassed 29.01, 6.50 
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and 4.68 km
2
, respectively. Percentage overlap of core areas was greater than 50% UDs 

(Table 3.2).  

Mean hourly movement rates were similar and highly variable for both bobcats; 

F1’s mean movement rate was 108.09 m hr
-1 

(SE = 122.58) and F2’s was 92.97 (SE = 

93.76). 

3.4. Discussion 

Estimated MCP home ranges from this study were comparable to those of other studies 

conducted in this region (Table 3.3) suggesting both a consistency in home range sizes 

among bobcats in Minnesota and Wisconsin across several decades and a reliability of 

home range estimates, at least at the 95% MCP level. Although home range estimates 

from this study are slightly smaller, this disparity is likely due to methodological 

differences, e.g. the inclusion of all points in the home range estimate (Lovallo & 

Anderson 1996; Gilbert & Keith 2001) or the inclusion of transient individuals (Fuller et 

al. 1985). Subsequent calculation of 100% MCPs for this study resulted in a mean home 

range estimate of 25.16 ± 2.28 km
2
, which is not significantly different than the estimates 

from Wisconsin and fall within the range reported by Fuller et al. (1985; no SE 

presented). Because both bobcats shed their collars after only a few months, and area-

accumulation curves never reached an asymptote, it is possible that estimated MCP home 

range sizes would have been larger had bobcats retained their collars longer. However, 

female bobcat home ranges are larger in winter (Lovallo & Anderson 1996) and the 

number of locations achieved during this study was as large as or larger than those 

obtained during the previous two studies. Consequently, despite only having data 
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covering 3-6 months, estimated home range and core areas are likely accurate. 

Additionally, although all locations were taken during winter months, it is likely these 

estimates accurately reflect annual home ranges because bobcat summer home ranges 

tend to be smaller and fall within the limits of winter home ranges (Lovallo & Anderson 

1996). 

Movement rates of the two female bobcats in this study were high relative to 

those observed in southern populations (Chamberlain et al. 2003), but similar to those of 

bobcats at similar latitudes (Bailey 1974; Knick 1990), likely reflecting the greater 

movements required to patrol larger home ranges and acquire more dispersed prey 

(Anderson & Lovallo 2003). In Idaho, female bobcats used small patches intensively for 

several days prior to moving rapidly to another patch, presumably because local 

resources (i.e. prey) had fallen to a level at which movement to a new patch with more 

resources provided a positive energy balance (Bailey 1974). The pattern of multiple 

locations occurring in a single habitat patch followed by sudden movement to a different 

one was apparent in my data (Fig. 3.1) and consistent with the high variability in 

movement rates. 

Overlap in space use is an important component of animal social organization 

which can influence demography (Wielgus et al. 2001; Diefenbach et al. 2006; Cooley et 

al. 2009) and be used to infer behavior in cryptic species. Moreover, in combination with 

information on home range size and distribution, overlap in space use provides a basis for 

estimating density, and ultimately abundance (Barlow et al. 2011). Although estimated 

core area and home range overlap from this study are comparable to those reported 



 

 34 

elsewhere (Table 3.1), my results also indicate that the use of the common method of 

defining an animal’s core area as that enclosed within the 50% UD may underestimate 

overlap in space use, particularly in the case when percent area of UD’s are used as the 

overlap index. This suggests that, at least for related individuals, bobcats may be less 

territorial, and thereby less solitary, than previously suggested (Bailey 1974) and that the 

delineation of a core area using biologically-based methods (VanderWal & Rodgers 

2012) rather than arbitrary isopleth volumes may better capture spatial relationships 

among individuals. The low UDOI values for all UDs suggest that the sibling bobcats in 

this study were using the overlapping areas of their home ranges and core areas less than 

uniformly (Fieberg & Kochanny, 2005). Future research should examine whether overlap 

of space use of varies among half-siblings, siblings and parent-offspring, as would be 

predicted by kin selection theory.  

Although limited by small sample size, my results provide the first estimates for 

home range and core area overlap among adult sibling bobcats, and are a useful starting 

point for furthering our understanding of the role of relatedness in structuring bobcat 

societies. Genetic techniques make it possible to discern relatedness among individuals 

and future research should aim to integrate this information with other putative factors 

affecting space use overlap to discern how each affects patterns in overlap of space use. 
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CHAPTER FOUR 

Integrating Demograhpy and Distribution Modeling: Bobcat Breeding Habitat in 

Minnesota 

4.1. Introduction 

Mammalian reproduction is an energetically expensive endeavor (Oftedal & Gittleman 

1989; Thompson 1992), requiring greater resources than survival alone. For polygynous 

species with altricial offspring, this cost is amplified by lactational and rearing demands 

(Ackerman et al. 1986; Laundre 2005). Therefore, the range of environmental features 

that support reproduction will oftentimes be a subset of those supporting survival 

(Fernandez et al. 2003).  

Distribution models have seen much utility in recent years having been used for 

conservation prioritization and reserve selection (Rodríguez-Soto et al. 2011), predicting 

the dynamics of invasions (Loo et al. 2007), recolonizations (Mladenoff et al. 1995), and 

the suitability of sites for reintroductions (Thatcher et al. 2006), niche evolution (Warren 

et al. 2008), and the response of species to climate change (Araújo et al. 2005). 

Distribution model methodology has much in common with that of habitat selection 

(Baasch et al. 2010; Hoffman et al. 2010) but is particularly useful when data are limited 

to single locations per individual, the sampling unit is a territory (Mladenoff et al. 1995; 

Fernandez et al. 2003), or other methods are unfeasible (e.g. detection rates too low).  

The putative impetus for the development of presence-only distribution models, 

which are developed by identifying the environmental variables associated with a species 

presence in combination with randomly-selected background data (akin to the selection 
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of available habitat in models of habitat selection) and uses these relationships to predict 

the suitability of the environment in areas where the species’ status is unknown, was the 

desire to take advantage of the extensive presence-only datasets available in herbariums 

and museum collections (Elith et al. 2006). Specimens from these institutions rarely 

include absence data but are nonetheless invaluable because they frequently represent a 

large proportion of the total number of locations known for rare species (Marino et al. 

2011). For many questions fundamental to species conservation, such as the 

environmental features that support reproduction, there is a similar lack of “absence” data 

because of the difficulty associated with documenting non-occurrences. Consequently, 

whereas presence-absence data will always be preferable for making inferences (Elith et 

al. 2011), presence-only methods provide a means for making informed decisions when 

data are deficient yet urgency is high. However, owing to their use of background rather 

than absence data, the interpretation of presence-only distribution modeling differs 

fundamentally from presence/absence and occupancy models in that it can only predict 

the probability that a suite of environmental variables are suitable rather than the 

probability that a species is present (Phillips et al. 2006).  

Because of their crypticism, naturally low densities and a general paucity of even 

basic knowledge of their ecology, members of the Felidae make natural candidates for the 

use of distribution modeling. However, although there has been considerable effort 

directed at the development of predictive distribution models for felids (Monterroso et al. 

2009; Wilting et al. 2010; Marino et al. 2011; Rodríguez-Soto et al. 2011), there has only 

been a single attempt to predict their breeding distribution. Fernandez et al. (2003) used 
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logistic regression to map the breeding habitat of the critically-endangered Iberian lynx 

(Lynx pardinus) in Doñana National Park, Spain. The model of Fernandez et al. (2003) 

was successful at discriminating breeding and non-breeding habitat because it was 

calibrated on an intensively monitored population over a small area. However, most 

felids are less intensively monitored and have distributions that encompass much larger 

areas, necessitating a more accessible method for predicting breeding distribution.  

Currently, the spatial distribution and dynamics of bobcat harvest are the primary 

means used to monitor bobcats (Roberts & Crimmins 2011), under the assumption that a 

numeric or geographic expansion of harvest is correlated with increasing population size. 

However, occurrence does not necessarily equal suitability, just as population density 

does not always indicate habitat quality (Van Horne 1983; Mosser et al. 2009). As 

furbearers, bobcats are harvested for the monetary value of their pelts, which may result 

in a decoupling of the relationship between abundance and harvest (Tumlison & 

McDaniel 1986; but see Kapfer & Potts 2012). Bobcat movement rates, which affect their 

vulnerability to harvest (Chamberlain et al. 1999) and probably their observability, 

fluctuate with prey abundance (Knick 1990). Furthermore, bobcats, primarily juvenile 

males, frequently disperse > 100 km (Knick & Bailey 1986; Nielsen & Woolf 2003) from 

their natal home range. During dispersal juveniles frequently traverse unsuitable habitat 

(e.g. roads, developed areas; Nielsen & Woolf 2003) as they seek a suitable area to 

establish a permanent home range. Consequently, simply recording locations where 

bobcats are observed or harvested without regard to reproductive status will likely 

include large areas that are unable to support bobcat reproduction. This inflated estimate 
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of range can result in overly optimistic estimates of their distribution and the 

environmental features predictive of suitable habitat.    

Several distribution models have been developed to predict suitable bobcat habitat 

(Lovallo 1999; Woolf et al. 2002; Nielsen & Woolf 2002; Preuss & Gehring 2007). 

Lovallo (1999) developed the first distribution model for bobcats and mapped suitable 

habitat within Pennsylvania. Similar models have since been developed for Illinois 

(Woolf et al. 2002; Nielsen & Woolf 2002) and Michigan (Preuss & Gehring 2007). Data 

used in the calibration of these models includes radiolocations and core areas of collared 

bobcats as well as locations where bobcats have been sighted, harvested or killed in 

automobile collisions. None of these previous efforts attempted to predict bobcat 

breeding habitat. 

4.2. Methods 

4.2.1. Study Area 

The study area was delineated by 100% minimum convex polygon containing all sections 

where bobcat kittens were harvested (Fig. 4.1). The study area encompasses 

approximately 76,000 km
2
. The majority of the study area falls within the Laurentian 

mixed forest province (Cleland et al. 1997). This area consists primarily of conifer (Picea 

spp., Pinus spp., Thuja occidentalis) and deciduous (Betula papyrifera, Populus spp., 

Fraxinus spp.) forests, bogs and swamps (~71%) intermixed with agricultural fields 

(~6%), pasture (~7%), open water (~7%) and rural, suburban and urban development 

(~3%). Topography is characterized by gently rolling hills and elevation increases from 

west to east, ranging from 180 to 590 m asl. Climate is continental with cold dry winters 
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and hot humid summers. Normal mean temperatures range from -15 to -13 C during the 

winter (Dec. to Feb.) and 17 to 20 C during the summer (Jun. to Aug.). Normal mean 

precipitation ranges from15 to 30 cm during the winter and 25 to 33 cm during the 

summer (Minnesota Climatology Working Group, 2012).   

4.2.2. Distribution Records 

Hunters and trappers that harvest bobcats in Minnesota are required to register their 

harvest with the MN Department of Natural Resources (MN DNR) within 48 hours of the 

close of the season. Data collected by the DNR includes sex, date, and the township of 

harvest. I asked MN DNR personnel responsible for registering harvested bobcats and 

hunting and trapping associations to voluntarily label bobcat carcasses turned in during 

the registration with tags indicating the section where they were harvested. Carcasses of 

harvested bobcats were subsequently sent to a MN DNR office where they were aged 

using cemmentum annuli counts and sexed via visual examination of external and if 

necessary, internal reproductive tracts. Kittens (< 1 year old) were discriminated from 

adults (> 1 year old) based on open root foramina of extracted canines (Crowe 1972).  

Whereas biases in presence data associated with non-random sampling (e.g. 

sampling near roads) are theoretically cancelled out when compared to biased absence 

data (Phillips et al. 2009; Elith et al. 2011), models using biased presence and randomly 

selected background data will retain any bias associated with the presence data (Phillips 

et al. 2009). Because my data consisted of sections where bobcats were harvested, it is 

possible they reflect hunter access and effort rather than bobcat ecology. However, 

previous research has shown that in Minnesota the number of bobcats harvested is 
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primarily the result of bobcat abundance (Kapfer & Potts 2012) and the absence of bobcat 

harvest in the northeast portion of the state the result of inadequate prey rather than 

hunter access or effort (see Chapter 2). Consequently, I assumed that harvest locations 

were indicative of bobcat habitat use. Nonetheless, I inspected the relationship between 

environmental features and habitat suitability skeptically in light of this potential bias. 

However, whereas some relationships may be obvious in this regard, others may be 

equivocal. For example, a linear, negative relationship between the density of rural roads 

and habitat suitability is likely the result of avoidance of roads of this type. However, a 

positive or quadratic relationship between rural road density and habitat suitability that 

initially increases then decreases would be harder to interpret. In these cases, I explored 

alternative hypotheses for these relationships in the discussion. Furthermore, whereas 

most distribution models use data spread across time as well as space, my data were 

limited to the bobcat season, which generally occurs from late Nov. to early Jan. (Kapfer 

& Potts 2012). Bobcat habitat use varies seasonally (Fuller et al. 1985a; Lovallo & 

Anderson 1996), likely due to seasonal variation in resource availability (e.g. hibernating 

prey species are not available during the winter). Although my inferences are therefore 

limited to this time period, it is likely a limiting period for bobcat reproduction and 

survival because of lower prey abundance coupled with increased energetic requirements 

(Mautz & Pekins 1989), as indicated by the larger space requirements of bobcats (Lovallo 

& Anderson 1996; Tucker et al. 2008).   

4.2.3. Environmental Data 
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I used published literature to identify environmental features potentially important for 

affecting bobcat reproduction and kitten survival, either through direct (e.g. insufficient 

food, coyote predation) or behavioral mechanisms (e.g. avoidance). I quantified 

environmental features hypothesized important for bobcat survival and reproduction at 

each presence and background location using the extension Hawth’s Tools (Beyer 2004) 

in ArcGIS 9.2 (ESRI). I used road, snowmobile trail, stream and GAP landcover datasets 

from the MN DNR GIS website (http://deli.dnr.state.mn.us/). Because data on traffic 

volume are incomplete, I reclassified roads into highways and minor roads based on the 

metadata associated with the layer and a subjective expectation of traffic volume. I 

combined the GAP level 4 covertypes lowland deciduous shrub, lowland evergreen 

shrub, lowland black spruce and lowland white cedar into a single category (lowland). 

Because the GAP dataset is > 20 years old, I randomly selected 100 locations to compare 

its accuracy relative to the Forest Stand Inventory coverage of the MN DNR, a 

continuously updated dataset. Accuracy of the lowland coverage was high (96%) so I 

retained it as an explanatory variable. All other covertypes were either single categories 

or combinations of categories from the 2008 refresh of the LANDFIRE dataset (LF 

1.1.0), a 30 m raster dataset produced by the United States Geological Survey and 

Department of Agriculture (http://www.landfire.gov/). I created layers of white-tailed 

deer (Odocoileus virginianus) and coyote (Canis latrans) density using estimated deer 

density as modeled by the MN DNR (Lenarz 2010), and inverse distance weighting of the 

proportion of scent stations with coyote visitations observed during annual scent station 

surveys (Erb 2008) using the Spatial Analyst extension. I developed a continuous 

http://deli.dnr.state.mn.us/
http://www.landfire.gov/
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coverage of the proportion of days when snow depth ≥ 15 cm using data from weather 

stations throughout bobcat range (see Chapter 2 for more details). I calculated Riparian 

forest by intersecting all forest types in the LANDFIRE dataset with the MN DNR 

streams coverage. Sections where bobcats were harvested varied in size, so I calculated 

areas as proportions and linear dimensions as densities.   

4.2.4. Model Building 

I used maximum entropy (Maxent, Version 3.3.1; Phillips et al. 2004; Phillips et al. 2006) 

to model bobcat breeding habitat. Maxent is a machine learning approach that estimates 

the most uniform distribution that adheres to all that is known about a species distribution 

subject to the constraint that the expected value of each environmental feature matches its 

empirical average (Phillips et al. 2006). The defined probability distribution is thus the 

one exhibiting maximum entropy (i.e. closest to uniform) while remaining faithful to all 

available data. To estimate the probability distribution, Maxent uses environmental data 

from sites where a species is present in combination with environmental data from the 

rest of the study area (frequently referred to as the “background”). Because Maxent uses 

presences with background data, it produces estimates of the probability that the 

environmental characteristics of a location are suitable rather than modeling the 

probability of occurrence (Phillips et al. 2006). Consequently, estimate interpretation is 

the probability that a suite of environmental features at a geographic location are suitable 

yet may be uninhabited for various reasons (e.g. delayed colonization). I chose Maxent 

for several reasons. First, case studies have consistently indicated it outperforms other, 

including parametric methods for estimating distributions, particularly in cases when 
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presence data are limited and when a species does not occupy all available suitable 

habitat (Elith et al. 2006; Pearson et al. 2007; Hernandez et al. 2008). The former 

justification is based on our relatively small sample (n=122) and the latter on the basis 

that an estimated 20-30% of the bobcat population in Minnesota is harvested annually 

(Erb 2009), likely resulting in numerous suitable patches of habitat remaining vacant.  

I randomly split the presence data into training data (80%), used for model 

development, and evaluation data (20%), used for evaluating the model’s predictive 

performance (see Model Evaluation below). Because both the number (Phillips & Dudik 

2008) and spatial extent (Anderson & Raza 2010) of background locations influence 

predictive accuracy of distribution models, I selected 10,000 random background circles 

with an area equal to that of the average section where kittens were harvested constrained 

to fall within the 100% minimum convex polygon of all bobcat harvested. Because 

hunting is not allowed in municipalities and state parks, I excluded these areas from my 

random background sample.  

Empirical investigations and simulations have shown that overly complex or 

simple distribution models suffer reduced predictive abilities (Anderson & Gonzalez 

2011; Warren & Seifert 2011). Maxent controls model complexity via regularization, 

wherein users can penalize the addition of parameters by controlling how closely 

expected values of probability distributions conform to empirical averages (Phillips et al. 

2006). Although the default value for regularization was tuned on an extensive data set 

encompassing presence and absence data for 226 species, recent investigations have 

indicated that model performance can be improved by changing this value (Warren & 
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Seifert 2011). I used Akaike’s Information Criterion adjusted for small sample size 

(AICC) to adjust the regularization parameter, therefore balancing model complexity and 

fit (Warren & Seifert 2011). Initially, I varied the regularization parameter from 1 to 20; 

upon finding the integer value with the lowest AICC I varied the regularization parameter 

by tenths. I used the regularization parameter with the lowest AICC and ran 1000 

bootstrapped replicates with a random seed, but left all other Maxent settings at their 

default values.  

I prescreened explanatory variables for collinearity using Pearson product-

moment correlation coefficients (r) and in cases when |r| > 0.60 chose one variable to 

retain based on a priori expectations of its importance. 

4.2.5. Model Evaluation 

I evaluated model performance using the area under the receiving operating characteristic 

curve (AUC) of the test data set. AUC typically uses presence and absence evaluation 

data to estimate a model’s ability to successfully predict where a species is present and 

absent. When absence data is not available (as in this study) AUC assesses whether 

model predictions are better than random (Phillips et al. 2006). AUC scores range from 0 

to 1, with 1 indicating that the model predicts presences perfectly and 0.5 indicating that 

the model predictions are equivalent to random guesses (Elith et al. 2006).  

To estimate the total area considered suitable for bobcat reproduction in the study 

area, I selected the threshold with the lowest predicted value associated with the presence 

of a kitten, which identifies sections that are at least as suitable as where a kitten was 

harvested (Pearson et al. 2007). For a more conservative estimate of the total area 



 

 45 

considered suitable for reproduction I classified all sections with a logistic probability of 

suitability ≥ 0.9 as high quality. 

Because spatial autocorrelation in residuals can inflate estimates of predictive 

accuracy (Segurado et al. 2006; Veloz 2009), I examined autocorrelation of model 

residuals at all presence localities using a spline correlogram (Zuur et al. 2009). 

4.3. Results 

During the 2008 to 2010 bobcat seasons I gathered section-specific locations for 122 

kittens of which 98 were used for model development and 24 for model evaluation. 

Similar to previous studies (Anderson & Gonzalez 2011; Warren & Seifert 2011), the 

optimal regularization parameter was of intermediate value (6.4). Based on 1000 

bootstrapped replicates, the test AUC indicated the model predicted the suitability of 

habitat for supporting reproduction well ( x  = 0.874, SE = 0.047). Examination of model 

residuals indicated no spatial autocorrelation. 

Estimates of variable importance for the four most influential environmental 

features indicated that riparian forest was the most important feature for predicting 

whether habitat was suitable for bobcat reproduction, followed by row-crop agriculture, 

prairie and coyote abundance (Fig. 4.2). All other environmental features contributed less 

than 5% to the model. Marginal response curves for the four most important variables 

indicated a positive relationship between habitat suitability and riparian forest, and 

negative relationships between habitat suitability and row-crop agriculture, prairie and 

coyote abundance (Fig. 4.3). 
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  The minimum logistic prediction associated with the harvest of a kitten was 0.055 

(SE = 0.016).  Using this threshold the total area predicted suitable for bobcat 

reproduction in the 75,214 km
2
 study area was 57,251 km

2
, representing approximately 

76% of the total study area (Fig. 4.4). Sections containing high quality habitat included 

34% of all sections where kittens were harvested (n = 42). The total area of high quality 

habitat in the study area encompassed 17,679 km2, or approximately 23% of the total 

study area.  

4.4. Discussion 

Presence-only distribution models are commonly used to estimate the potential 

distribution of species of conservation concern when data are sparse or impractical to 

acquire. With a few exceptions (Fernandez et al. 2003) practitioners have neglected to 

account for habitat quality in demographic terms. By making minor changes to data 

collection protocols already implemented by the MN DNR, I was able to develop a 

highly predictive distribution model of suitable breeding habitat of bobcats in Minnesota. 

Because many state agencies already gather data on the distribution of bobcat harvest 

(Roberts & Crimmins 2011), it would require little additional effort to gather the requisite 

information to develop similar models of breeding distribution. However, the methods 

outlined herein can also be adapted for endangered species that are not harvested 

extensively. In these cases, use of confiscated carcasses, roadkill and sightings of 

dependent-young could be used as presences instead of harvested individuals. If these 

methods do not provide adequate sample-sizes of dependent-young, internal examination 

of reproductively-aged females for placental scars or other indicators of past reproduction 
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could also be used. However, although I would have increased my sample size several 

times over by using locations where adult females bearing placental scars were harvested, 

I was remiss to do so because of the unknown relationship between the number of 

placental scars and litter size; i.e. it is unclear whether bobcats bearing placental scars 

have actually given birth or reabsorbed fetuses. Furthermore, use of kittens that are 

presumably born during the birth pulse in May or June (Crowe 1975) allows 

identification of the environmental features important to kitten survival, a period that is 

difficult to study using telemetry and typically associated with high mortality rates in 

felids (Mowat et al. 1996; Boutros et al. 2007), in addition to bobcat reproduction. 

However, I acknowledge that for some species of conservation concern, even these 

methods may result in too great of data loss.    

In human-modified landscapes naturally-vegetated riparian corridors provide 

important movement corridors and habitat patches for carnivores (Virgós 2001; Hilty & 

Merenlender 2004; Triska et al. 2011). Although much of bobcat range in Minnesota 

occurs in areas with minimal human disturbance, the large home ranges of bobcats 

doubtlessly expose them to roads, agriculture and the openspace surrounding human 

developments, three of the factors that had a negative effect on the suitability of habitat 

for supporting bobcat reproduction. In addition to serving as corridor between patches of 

natural habitat, riparian forest likely also provides the travel routes of reduced snow depth 

(Mowat & Slough 2003), vegetative cover (Kolowski & Woolf 2002) and prey (Buehler 

& Keith 1982) that is particularly important during winter, when bobcat survival is lowest 

(Fuller et al. 1985b), and consequently, may be particularly important for supporting 
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reproduction. Snowshoe hare (Lepus americanus) are more abundant in spruce (Picea 

spp.)-fir (Abies spp.; Fuller et al. 1986) and regenerating conifer forests (McCann & 

Moen 2011) than riparian forests. However, the unimportance of these cover types 

relative to riparian forest suggests that, although previous studies have identified 

snowshoe hare as the primary prey of bobcats in Minnesota (Rollings 1945; Berg 1979), 

this is likely the result of the location where these studies were conducted. Both studies 

were located near the northeastern edge of bobcat range where it overlaps with the 

southwestern edge of snowshoe hare range. Eastern cottontails (Sylvilagus floridanus), 

important prey of other northern bobcat populations (Koehler & Hornocher 1989; 

McLean et al. 2005), occur throughout most of bobcat range in Minnesota, and are most 

abundant in willow (Salix spp.)-alder (Alnus spp.) thickets of riparian forest (Buehler & 

Keith 1982). Consequently, the snowshoe hare is probably replaced by the eastern 

cottontail as the bobcat’s primary prey across an NE to SW gradient, and this is reflected 

by the high importance of riparian forest for bobcat reproduction and the relative 

unimportance of both regenerating and spruce-fir forests. Notably, the response curve to 

riparian forest plateaued at approximately 600 m km
-1

, suggesting that densities of 

riparian forest higher than this do not increase habitat suitability. Future research should 

aim to understand whether bobcat diet varies geographically in Minnesota. 

As ambush predators, bobcats require thick vegetative cover (Biggins & Biggins 

2006). Numerous studies have documented bobcat avoidance of open habitats, be they 

anthropogenic (row crops; Tucker et al. 2008) or natural (prairie; Lovallo & Anderson 

1996), and selection for understory cover (Anderson 1990; Litvaitis et al. 1986; Kolowski 
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& Woolf 2002). Because row-crop agriculture and prairies provide neither understory 

cover nor prey during the winter, it is not surprising that they were negatively related to 

the distribution of bobcat breeding habitat. Similarly, although males are known to 

disperse the vast row-crop agriculture of the upper Midwest (Reding 2011) the absence of 

resident populations in the cornbelt (Anderson & Lovallo 2003) is likely explained by its 

inability to support reproduction. Although bobcat prey and cover can be abundant along 

row-crop edges during the fall when crops begin to mature, both decline following crop 

harvest and the onset of winter (Larson et al. 1978; Swihart & Yahner 1982). Although 

my results suggest that bobcat breeding is incompatible with row-crop agriculture, the 

current amount of row-crop agriculture in northern Minnesota does not appear to be 

hindering connectivity of breeding habitat (Reding 2011). However, row-crop agriculture 

does appear to hinder gene flow between bobcats of the northern Great Lakes and regions 

south of the corn belt (Reding 2011). If row-crop agriculture expands in this region due to 

climate change or the development of new crop varieties, managers will need to monitor 

the connectivity of breeding populations.  

Competition among carnivores can have large effects on the population dynamics 

of subordinate competitors (Palomares & Caro 1999). Coyotes are exploitative 

competitors with bobcats (Litvaitis & Harrison 1989), have been documented killing 

bobcats (Knick 1990; Gipson & Kamler 2002) and correlative (Robinson 1961; Nunley 

1978; Litvaitis & Harrison 1989) and experimental (Henke & Bryant 1999) studies have 

consistently indicated that coyotes can suppress bobcat populations. Although coyotes do 

kill both adult and juvenile bobcats, adult bobcats are nearly as large as coyotes. 
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Consequently, competition with coyotes may be primarily experienced by small (i.e. 

females and juveniles; Gipson & Kamler 2002) bobcats and suppression of bobcat 

populations by coyotes the result of depredation on kittens and reproductive females. My 

results provide further correlative evidence of the impact of competition with coyotes on 

bobcat populations and provide a possible mechanism (depression of reproduction and 

kitten survival) by which bobcat populations are limited.  

The extent of habitat predicted to be suitable for bobcat reproduction in 

Minnesota is dependent on the probability threshold chosen as the cutoff for what 

determines breeding and non-breeding habitat (Fig. 4.5). Use of the minimum presence 

threshold suggests that a large percentage of the study area (76%) can support 

reproduction whereas use of the more conservative estimate of breeding habitat as 

sections with an associated probability ≥ 0.90 resulted in vastly different estimates of the 

percentage suitable for reproduction (23%). However, because a typical bobcat home 

range is larger than a section (Fuller et al. 1985a) it is likely that kittens were harvested 

within unsuitable habitats as they moved between suitable patches. Consequently, more 

conservative estimates of the threshold used to identify habitat as suitable may be 

warranted, particularly when dealing with endangered species. 
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Figure 1.1. Bobcat range in Minnesota as determined by harvest locations during the 

2009-2010 season. Locations of harvested bobcats are accurate to the township. 
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Figure 1.2. Reported harvest of bobcats in Minnesota from 1977-1978 through 2008-

2009 seasons. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

x  = 326, SD = 243, n = 32 
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Figure 1.3. Effect of the percent of scent stations visited by bobcats, season length, and 

the proportion of days when the maximum temperature < the bobcat’s lower critical 

temperature on the number of bobcats harvested. Solid line indicates maximum 

likelihood estimate holding other variables constant at their mean. Dashed lines indicate 

95% pointwise bootstrap confidence intervals. 
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Figure 2.1. Bobcat range in the Arrowhead region of northeastern Minnesota as estimated 

by townships where bobcats were harvested during the 2001 to 2010 seasons. Inset 

indicates location of Arrowhead in Minnesota. 

 

 

 

 

 

 

 



 

 55 

Figure 3.1. Winter adaptive kernel home ranges, core areas and overlap of two, sibling 

adult female bobcats in east-central Minnesota. Star on inset indicates study area location. 
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Figure 4.1. Study area as delineated by 100% minimum convex polygon (hatched area) of 

sections where kittens were harvested (circles). 
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Figure 4.2. Estimates of the importance of environmental features for predicting the 

suitability of habitat for supporting bobcat reproduction based on 1000 bootstrapped 

replicates. Error bars represent ± 1 standard error. 
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Figure 4.3. Marginal response curves of the four environmental features that were most 

influential in predicting the suitability of habitat for bobcat reproduction. Red curve 

represents mean response curve from 1000 bootstrapped replicates and blue ± 1 standard 

error. 
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Figure 4.4. Distribution of bobcat breeding habitat as delineated by the threshold 

probability of suitable environmental features within a section ≥ 0.055 (minimum 

probability associated with kitten presence in light blue) and probability ≥ 0.90 (gray). 

Red circles indicate sections where kittens were harvested and white area represents 

probability of the environmental features being suitable for bobcat reproduction < 0.055. 
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Figure 4.5. Probability that habitat provides suitable environmental features for bobcat 

reproduction and kitten survival in northern Minnesota as delineated by locations where 

kittens were harvested from 2008 to 2010 (red dots). 
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Table 1.1. A priori generalized linear models of the effects of season length, inflation-

adjusted mean pelt price for bobcats harvested during the current (price) and the previous 

season (price-1), unemployment during bobcat season, proportion of scent stations visited 

(scent), proportion of days from two weeks prior to season end when snowdepth > 15 cm 

(snow) and maximum temperature < bobcat’s lower critical temperature (temp), and 

indices of hare abundance (hare), on the number of bobcats harvested annually. Models 

are ranked according to differences in quasi-likelihood Akaike’s Information Criterion 

corrected for small sample size (ΔQAICC).
 

a
 No. parameters, including estimate of dispersion. 

b
 Top model QAICC = 252.90. 

c
 Relative likelihood of model. 

d
 Model deviance. 

 

Model K
a
 ΔQAICC

b
 wt

c
 Dev

d
 

scent + temp + season  

+ price-1  
7 

 

0.00 

  

 

0.42 

 

 

33.14 

 

null 3 0.47 0.33 34.15 

licenses + season 

 

5 

 

2.92 

 

 

0.10 

 

 

33.84 

 

hares + snow 5 

 

3.96 

 

0.06 

 

 

33.95 

 

hares + temp 5 4.46 0.04 34.00 

price-1 + unemployment 5 

 

5.35 

 

 

0.03 

 

 

34.08 

 

price + unemployment 5 

 

5.67 

 

 

0.02 

 

 

34.12 

 

scent + adult + adult male + yearling  

+ yearling male + juvenile male  
9 

 

9.94 

 

 

< 0.01 

 

 

33.28 
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Table 1.2. Negative binomial generalized linear model maximum-likelihood estimates 

(log link) of factors affecting the number of bobcats harvested in Minnesota, USA, from 

1977 through 2008 (32 seasons). 

Parameter
ab

 Estimate SE 95% CI 

β0 
4.036 0.544 2.877 to 5.252 

βSCENT 0.938 0.203 0.553 to 1.329 

βTMX -1.154 0.531 -2.101 to -0.223 

βSEASON 
0.030 0.010 0.009 to 0.051 

a
 SCENT = proportion of scent stations visited during annual MN DNR surveys; TMX = 

proportion of days from 2 weeks prior to season start through season end when the 

maximum temperature < bobcat’s lower critical temperature; SEASON = season length 

in days. 

b 
Estimates for β0, βCPI-1, βSCENT, βTMX and βSEASON based on top-ranked model according 

to QAICC following deletion of uninformative parameters. 
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Table 2.1. Description, mean and range of variables used to model distribution of bobcat 

harvest from 2001 to 2010 in northeastern Minnesota. 

Variable Description x   Range 

Regenerating 

Forest 
Proportion of township consisting of regenerating forest 

0.001 0.000-0.011 

Deer Density Pre-fawn deer density as estimated by MN DNR 15.206 1.44-26.11 

Coyote Density Interpolated estimate of proportion of scent stations 

visited by coyotes during annual surveys 

0.026 0.001-0.131 

Fisher Harvest Density of fisher harvest (fisher harvest/km
2
) 13.8 0.023-1202 

Snowmobile 

trails 
Density (m/km

2
) of snowmobile trails in township 

246 0-1510 

Minor roads Density (m/km
2
) of minor roads in township 309 0-2122 

Snow Depth Proportion of days when snow depth > 15 cm  0.448 0.281-0.700 

Temperature Proportion of days when maximum temperature < -2
o
C 0.357 0.259-0.448 
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Table 2.2. Candidate variables included in binomial generalized linear models to explain 

bobcat absence in the Arrowhead region of northeastern Minnesota. Model variables for 

each variable category were based on explanations as interpreted from the references. 

Variable 

Category 
Explanation Model Variables References 

Prey 

Abundance 

Prey availability linked to 

increased mortality and 

emigration and reduced 

fecundity 

Regenerating Forest 

Deer Density 

Bailey 1974 

Knicks 1990 

McCann & Moen 2011 

Competition 
Interspecific competition 

suppresses bobcat populations 

Coyote Density 

Fisher Density 

Gilbert & Keith 2001 

Henke & Bryant 1999 

Nunley 1978 

Hunter Access 
Harvest distribution influenced 

by hunter access 

Snowmobile Trails 

Minor Roads 

Boer 1990 

Diefenbach et al. 2005 

Climate 

Bobcat adaptations to winter 

climate relatively weak 

compared to sympatric 

carnivores; extreme winter 

weather linked to increased 

mortality and emigration 

Snow Depth > 15 cm 

Temp < Bobcat’s lower 

critical temperature 

Knick 1990 

Mautz & Pekins 1989 

McCord 1974 

Petraborg & Gunvalson 1962 

 

 

 

 

 

 

 

 

 

 



 

 65 

Table 2.3. Binomial generalized linear models of the effects of prey abundance 

(regenerating forest, deer), climate (snow depth, temperature), hunter access (minor 

roads, snowmobile trails) and interspecific competition (coyote, fisher) on male and 

female bobcat presence as determined by harvest records. Models are ranked according to 

differences in Akaike’s Information Criterion corrected for small sample size (ΔAICC). 

Model  K
a
 AICC ΔAICC wt

b
 Dev

c
 

Females 

 
     

 Deer + Coyote + Regenerating 

Forest 
5 244.32 0.00 0.94 236.12 

 Deer + Regenerating Forest 4 249.76 5.43 0.06 243.64 

 Snow Depth 3 260.51 16.18 0.00 256.45 

 Fisher + Coyote 4 268.93 24.61 0.00 262.81 

 Temperature 3 273.94 29.61 0.00 269.88 

 Minor Roads + Snowmobile Trails 4 277.24 32.92 0.00 271.12 

 Null 2 279.19 34.87 0.00 277.17 

Males       

 Deer + Coyote  4 213.2502 0.00 0.94 207.12 

 Deer + Regenerating Forest 4 218.7584 5.51 0.06 212.62 

 Snow Depth 3 224.5062 11.26 0.00 220.44 

 Temperature 3 238.8366 25.59 0.00 234.77 

 Fisher + Coyote 4 242.0746 28.82 0.00 235.94 

 Snowmobile trails + Minor Roads 4 245.4493 32.20 0.00 239.31 

 Null 2 248.6721 35.42 0.00 246.65 
a
 No. parameters. 

b
 Relative likelihood of model. 

c
 Model deviance. 
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Table 2.4. Maximum likelihood parameter estimates (logit link), standard errors and 95% 

confidence intervals for the best model describing the distribution of bobcat harvest using 

the lowest Akaike’s Information Criterion adjusted for small sample size. 

 Parameter
a
 Estimate SE 95% CI 

Females     

 Intercept -0.2609 0.1584 -0.574 to 0.048 

 Coyote Density -0.4970 0.1965 -0.907 to -0.134 

 Regenerating Forest 0.2912 0.1630 -0.030 to 0.618 

 Deer 0.8719 0.1841 0.526 to 1.251 

Males     

 Intercept -0.4032 0.1697 -0.741 to -0.074 

 Coyote Density -0.4395 0.2050 -0.880 to -0.070 

 Deer Density 0.9229 0.1897 0.566 to 1.313 
a
 Parameter estimates based on top-ranked models based on minimum Akaike’s 

Information Criterion corrected for small sample size (AICc) following deletion of 

uninformative parameters. 
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Table 3.1. Reference, method for delineating home range and core areas and % overlap 

for adult female bobcats. 

Reference 
Method for delineating home 

range
1
 

% Overlap 

Home range Core area 

Chamberlain & Leopold 2005  95 & 50% FK 21 3 

Bailey 1974 Irregular polygon 0 n/a 

Cochrane et al. 2006 95% MCP 14 n/a 

Lawhead 1984 

 Modified minimum area 

method  10 n/a 

Thornton et al. 2004 95 & 50% FK  2 0 

Nielsen & Woolf 2001 95 & 50% FK 28 6 

Rucker et al. 1989 Minimum area method 5 n/a 
1
 FK=Fixed Kernel, MCP=Minimum Convex Polygon 
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Table 3.2. Percentage and utilization distribution overlap index (UDOI) of 95, 50, and 

core area utilization distributions of two adult sister bobcats in east-central Minnesota.  

*Percent of utilization distribution of bobcat i1 overlapped by that of bobcat i2 using 

adaptive kernel home range estimates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bobcat 
95% 

Overlap*  
50% Overlap * 

Core Area 

Overlap*  

95% 

UDOI 

50% 

UDOI 

Core Area 

UDOI 

F1 
17.12 0.00 5.92 0.02 0.00 0.00 

F2 
14.86 0.00 5.32 N/A N/A N/A 
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Table 3.3. Mean home range area (km
2
) for female bobcats in Minnesota and Wisconsin, 

methods used for estimating home range, season when data were collected, number of 

bobcats monitored and reference. 

State Method
1
 Season n x  Reference 

Minnesota VHF, 95% MCP Combined 11 36.6 Fuller et al. 1985 

Minnesota GPS, 95% MCP Winter 2 21.4 This Study 

Wisconsin 
VHF, 100% 

MCP 
Winter 5 30.6 

Lovallo & Anderson 

1996 

Wisconsin 
VHF, 100% 

MCP 
Winter 9 24.8 Gilbert & Keith 2001 

1
 GPS=Global positioning system radio-collar, VHF=Very high frequency radio-collar, 

MCP=minimum convex polygon. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 70 

Literature Cited 

Abraham, J., and M. Dexter. 2008. Minnesota fur buyers survey for the 2007-2008 

hunting and trapping season. Minnesota Department of Natural Resources, Saint 

Paul, Minnesota, USA. 

Ackerman B.B., F.G. Lindzey, and T. P. Hemker. 1984. Cougar food habits in southern 

Utah.  Journal of Wildlife Management 48:147-155. 

Alverson, W.S., D.M. Waller, and S.L. Solheim. 1988. Forests too deer: edge effects in 

northern Wisconsin. Conservation Biology 2:348-358. 

Anderson, B.J., H.R. Akçakaya, M.B. Araújo, D.A. Fordham, E. Martinez-Meyer, W. 

Thuiller, and B.W. Brook. 2009. Dynamics of range margins for metapopulations 

under climate change. Proceedings of the Royal Society of B 276:1415-1420. 

Anderson, E.M. 1990. Bobcat diurnal loafing sites in southeastern Colorado. Journal of 

Wildlife Management 54:600-602. 

Anderson, E. M., and M. J. Lovallo. 2003. Bobcat and Lynx. Pages 758-786 in G. 

A. Feldhamer, editor. Wild mammals of North America: Biology, management and 

conservation. Johns Hopkins University Press, Baltimore, Maryland, USA.  

Anderson, R.P., and A. Raza. 2010. The effect of the extent of the study region on GIS 

models of species geographic distributions and estimates of niche evolution: 

preliminary tests with montane rodents (genus Nephelomys) in Venezuela. Journal 

of Biogeography 37:1378-1393.  

Anderson, R.P., and I. Gonzalez. 2011. Species-specific tuning increases robustness to 

sampling bias in models of species distributions: an implementation with Maxent. 



 

 71 

Ecological Modelling 222:2796-2811. 

Araújo, M.B., R.G. Pearson, W. Thuiller, and M. Erhard. 2005. Validation of species-

climate impact models under climate change. Global Change Biology 11:1504-

1513. 

Arnold, T.W. 2010. Uninformative parameters and model selection using Akaike’s 

Information Criterion. Journal of Wildlife Management 74:1175-1178. 

Baasch, D.M., A.J. Tyre, J.J. Millspaugh, S.E. Hygnstrom, and K.C. Vercauteren. 2010. 

An evaluation of three statistical methods used to model resource selection. 

Ecological Modelling 221:565-574. 

Bailey, T.N. 1974. Social organization in a bobcat population. Journal of Wildlife 

Management 38:435-446. 

Baker, D.G., D.A. Haines, and J.H. Strub. 1967. Climate of Minnesota: Part V, 

Precipitation facts, normals, and extremes. University of Minnesota, Agricultural 

Experiment Station Technical Bulletin 254, Saint Paul, Minnesota, USA. 

Barlow, A.C.D., J.L.D. Smith, I.U. Ahmad, A.N.M. Hossain, M. Rahman, and A. 

Howlader. 2011. Female tiger Panthera tigris home range size in the Bangladesh 

Sundarbans: the value of this mangrove ecosystem for the species’ conservation. 

Oryx 45:125-128. 

Benson, J.F., M.J. Chamberlain, and B.D. Leopold. 2006. Regulation of space use in a 

solitary felid: population density or prey availability? Animal Behavior 71:685-693. 

Berg, W.E. 1979. Ecology of bobcats in northern Minnesota. Pages 55-61 in P.C. 

Escherich and L. Blum, eds. Proceedings of the 1979 bobcat research conference 



 

 72 

(Science and Technology Series 6). National Wildlife Federation, Washington, 

D.C. 

Berger, K.M., and E.M. Gese. 2007. Does interference competition with wolves limit the 

distribution and abundance of coyotes? Journal of Animal Ecology 76:1075-1085. 

Beyer, H. L. 2004. Hawth's Analysis Tools for ArcGIS. 

http://www.spatialecology.com/htools. Accessed 15 July 2011. 

Biggins, D.E., and D.M. Biggins. 2006. Bobcat attack on a cottontail rabbit. 

Southwestern Naturalist 51:119-122. 

Blankenship, T.L., A.M. Haines, M.E. Tewes, and N.J. Silvy. 2006. Comparing survival 

and cause-specific mortality between resident and transient bobcats Lynx rufus. 

Wildlife Biology 12:297-303. 

Boer, A.H., 1990. Spatial distribution of moose kills in New Brunswick. Wildlife Society 

Bulletin 18:431-434.  

Boutros, D., C. Breitenmoser-Würsten, F. Zimmermann, A. Ryser, A. Molinari-Jobin, S. 

Capt, M. Güntert, and U. Breitenmoser. 2007. Characterisation of Eurasian lynx 

Lynx lynx den sites and kitten survival. Wildlife Biology 13:417-429. 

Buehler, D.A., and L.B. Keith. 1982. Snowshoe hare distribution and habitat use in 

Wisconsin. Canadian Field Naturalist 96:19-29. 

Burnham, K.P., and D.R. Anderson.  2002.  Model selection and multimodel inference: a 

practical information-theoretic approach. Second edition. Springer-Verlag, New 

York, New York, USA.   

Buskirk, S.W., Ruggiero, L.F., Krebs, C.J., 2000. Habitat fragmentation and interspecific 

http://www.spatialecology.com/htools


 

 73 

competition: implications for lynx conservation, in: Ruggiero, L., Aubry, K., 

Buskirk, S., (Eds.), Ecology and Conservation of Lynx in the United States. 

University Press of Colorado, Boulder, Colorado, pp. 83-100. 

Caughley, G. 1977. Analysis of vertebrate populations. John Wiley and Sons, Chichester, 

U.K.   

Chamberlain, M.J., B.D. Leopold, L.W. Burger, B.W. Plowman, and L.M. Conner. 1999. 

Survival and cause-specific mortality of adult bobcats in central Mississippi. 

Journal of Wildlife Management 63:613-620. 

Chamberlain, M.J., and B.D. Leopold. 2001. Spatio-temporal relationships among adult 

bobcats in central Mississippi, p. 45-50. In: A. Woolf, C. Nielsen, and R. Bluett, 

(eds.). Proceedings of a symposium on current bobcat research and implications for 

management. The Wildlife Society 2000 Conference, Tennessee. 

Cleland, D.T., P.E. Avers, W.H. McNab, M.E. Jensen, R.G. Bailey, T. King, and W.E. 

Russell. 1997. National hierarchical framework of ecological units, in: Boyce, M., 

Haney, A., (Eds.), Ecosystem management applications for sustainable forest and 

wildlife resources. Yale University Press, New Haven, Connecticut, pp. 181-200. 

Chamberlain, M.J., B.D. Leopold, and L.M. Conner. 2003. Space use, movements and 

habitat selection of adult bobcats (Lynx rufus) in Central Mississippi. American 

Midland Naturalist 149:395-405. 

Coffin, B.A., and L.A. Pfannmuller. 1988. Minnesota’s endangered flora and fauna. 

University of Minnesota Press. Minneapolis, Minnesota, USA. 

Conroy, M.J., C.J. Fonnesbeck, and N.L. Zimpfer. 2005. Modeling regional waterfowl 



 

 74 

harvest using Markov Chain Monte Carlo. Journal of Wildlife Management 69:77-

90. 

Cooley, H.S., R.B. Wielgus, G.M. Koehler, H.S. Robinson, and B.T. Maletzke. 2009. 

Does hunting regulate cougar populations? A test of the compensatory mortality 

hypothesis. Ecology 90:2913-2921. 

Copeland, J.P., K.S. McKelvey, K.B. Aubry, A. Landa, J. Persson, R.M. Inman, J. Krebs, 

E. Lofroth, H. Golden, J.R. Squires, A. Magoun, M.K. Schwartz, J. Wilmot, C.L. 

Copeland, R.E. Yates, I. Kojola, and R. May. 2010. The bioclimatic envelope of the 

wolverine (Gulo gulo): do climatic constraints limit its geographic distribution? 

Canadian Journal of Zoology 88:233-246. 

Croteau, E.K., E.J. Heist, and C.K. Nielsen. 2010. Fine-scale population structure and 

sex-biased dispersal in bobcats (Lynx rufus) from southern Illinois. Canadian 

Journal of Zoology 88:536-545. 

Crowe, D.M. 1972. The presence of annuli in bobcat tooth cementum layers. Journal of 

Wildlife Management 36:1330-1332. 

Crowe, D.M. 1975. Aspects of ageing, growth, and reproduction of bobcats from 

Wyoming. Journal of Mammalogy 56:177-198. 

Dhuey, B., and J. Olson. 2008. Fur trapper Survey 2007-2008. Wisconsin Department of 

Natural Resources, Madison, Wisconsin, USA. 

Diefenbach, D.R., J.L. Laake, and G.L. Alt. 2004. Spatio-temporal and demographic 

variation in the harvest of black bears: implications for population estimation. 

Journal of Wildlife Management 68:947-959. 



 

 75 

Diefenbach, D.R., J.C. Finley, A.E. Luloff, R. Stedman, C.B. Swope, H.C. Zinn, and G.J. 

SanJulian. 2005. Bear and deer hunter density and distribution on public land in 

Pennsylvania. Human Dimensions of Wildlife 10:201-212.  

Diefenbach, D.R., L.A. Hansen, R.J. Warren, and M.J. Conroy. 2006. Spatial 

organization of a reintroduced population of bobcats. Journal of Mammalogy 

87:394-401. 

Dussault, C., R. Courtois, J. Ouellet, and J. Huot. 2001. Influence of satellite geometry 

and differential correction on GPS location accuracy. Wildlife Society Bulletin 

29:171-179. 

Elith, J., C.H. Graham, R.P. Anderson, M. Dudik, S. Ferrier, A. Guisan, R.J. Hijmans, F. 

Huettmann, J.R. Leathwick, A. Lehmann, J. Li, L.G. Lohmann, B.A. Loiselle, G. 

Manion, C. Moritz, M. Nakamura, Y. Nakazawa, J.M. Overton, A.T. Peterson, S.J. 

Phillips, K. Richardson, R. Scachetti-Pereira, R.E. Schapire, J. Soberon, S. 

Williams, M.S. Wisz, and N.E. Zimmermann. 2006. Novel methods improve 

prediction of species' distributions from occurrence data. Ecography 29:129-151. 

Elith, J., S.J. Phillips, T. Hastie, M. Dudík, Y.E. Chee, and C.J. Yates. 2011. A statistical 

explanation of Maxent for ecologists. Diversity and Distributions 17:43-57. 

Elsken-Lacy, P., A.M. Wilson, G.A. Heidt, and J.H. Peck. 1999. Arkansas gray fox fur 

price-harvest model revisited. Journal of the Arkansas Academy of Science 53:50-

54. 

Erb, J. 2007. Registered furbearer harvest statistics: 2006-07 report. Minnesota 

Department of Natural Resources, Grand Rapids, Minnesota, USA. 



 

 76 

Erb, J., 2008. Carnivore scent station survey and winter track indices. Minnesota 

Department of Natural Resources, Grand Rapids, Minnesota. 

Erb, J. 2009a. Registered furbearer harvest statistics: 2008-09 report. Minnesota 

Department of Natural Resources, Grand Rapids, Minnesota, USA. 

Erb, J. 2009b. Registered furbearer population modeling: 2008 report. Minnesota 

Department of Natural Resources, Grand Rapids, Minnesota, USA. 

Erickson, A.B., V.E. Gunvalson, M.H. Stenlund, D.W. Burcalow, and L.H Blankenship. 

1961. The white-tailed deer of Minnesota. Minnesota Department of Natural 

Resources Technical Bulletin No. 5. Minnesota Department of Natural Resources, 

St. Paul, Minnesota. 

Fernandez, N., M. Delibes, F. Palomares, and D.J. Mladenoff. 2003. Identifying breeding 

habitat for the Iberian lynx: inferences from a fine-scale spatial analysis. Ecological 

Applications 13:1310-1324. 

Fieberg, J., and C.O. Kochanny. 2005. Quantifying home-range overlap: the importance 

of the utilization distribution. Journal of Wildlife Management 69:1346-1359. 

Forsman, J.T., and M. Mönkkönen. 2003. The role of climate in limiting European 

resident bird populations. Journal of Biogeography 30:55-70. 

Fortin, C., and M. Cantin. 2004. Harvest status, reproduction and mortality in a 

population of American martens in Quebec, Canada. Pages 221-234 in D. Harrison, 

A. Fuller, and G. Proux, editors. Martens and fishers (Martes) in human-altered 

environments: an international perspective. Springer Science+Business Media, New 

York, New York, USA. 



 

 77 

Friedman, S.K., and P.B. Reich. 2005. Regional legacies of logging: departure from 

presettlement forest conditions in northern Minnesota. Ecological Applications 

15:726-744. 

Fuller, T.K., W.E. Berg, and D.W. Kuehn. 1985a. Bobcat home range size and cover-

type use in northcentral Minnesota. Journal of Mammalogy 66:568-571. 

Fuller, T.K., W.E. Berg, and D.W. Kuehn. 1985b. Survival rates and mortality factors of 

adult bobcats in north-central Minnesota. The Journal of Wildlife Management 

49:292-296. 

Fuller, T.K. and D.M. Heisey. 1986. Density-related changes in winter distribution of 

snowshoe hares in northcentral Minnesota. The Journal of Wildlife Management 

50:261-264. 

Galatowitch, S., L. Frelich, and L. Phillips-Mao. 2009. Regional climate change 

adaptation strategies for biodiversity conservation in a midcontinental region of 

North America. Biological Conservation 142, 2012-2022. 

Gehrt, S.D., G.F. Hubert, and J.A. Ellis. 2002. Long-term population trends of raccoons 

in Illinois. Wildlife Society Bulletin 30:457-463. 

Gilbert, J.H., and L.B. Keith. 2001. Impacts of reintroduced fishers on Wisconsin’s 

bobcat population, in: Woolf, A., Nielsen, C., Bluett, R., (Eds.), Proceedings of a 

symposium on current bobcat research and implications for management. The 

Wildlife Society 2000 Conference, Nashville, Tennessee, pp. 18-31. 

Gipson, P.S., and J.F. Kamler. 2002. Bobcat killed by a coyote. Southwestern Naturalist 

47:511-513. 



 

 78 

Giudice, J.H., J.R. Fieberg, and M.S. Lenarz. 2011. Spending degrees of freedom in a 

poor economy: a case study of building a sightability model for moose in 

northeastern Minnesota. Journal of Wildlife Management 76:75-87. 

Henke, S.E., and F.C. Bryant. 1999. Effects of coyote removal on the faunal community 

in western Texas. Journal of Wildlife Management 63:1066-1081. 

Hernandez, P.A., I. Franke, S.K. Herzog, V. Pacheco, L. Paniagua, H.L Quintana, A. 

Soto, J.J. Swenson, C. Tovar, T.H. Valqui, J. Vargas, and B.E. Young. 2008. 

Predicting species distributions in poorly-studied landscapes. Biodiversity 

Conservation 17:1353-1366. 

Hersteinsson, P., and D.W. MacDonald. 1992. Interspecific competition and the 

geographical distribution of red and arctic foxes Vulpes vulpes and Alopex lagopus. 

Oikos 64:505-515. 

Hilty, J.A., and A.M. Merenlender. 2004. Use of riparian corridors and vineyards by 

mammalian predators in northern California. Conservation Biology 18:126-135. 

Hitch, A.T., and P.L. Leberg. 2007. Breeding distributions of North American bird 

species moving north as a result of climate change. Conservation Biology 21:534-

539. 

Hoffman, J.D., N. Aguilar-Amuchastegui, and A.J. Tyre. 2010. Use of simulated data 

from a process-based habitat model to evaluate methods for predicting species 

occurrence. Ecography 33:656-666. 

Homyack, J.A., J.H. Vashon, C. Libby, E.L. Lindquist, S. Loch, D.F. McAlpine, K.L. 

Pilgrim, and M.K. Schwartz. 2008. Canada lynx-bobcat (Lynx canadensis × L. 



 

 79 

rufus) hybrids at the southern periphery of Lynx range in Maine, Minnesota and 

New Brunswick. American Midland Naturalist 159:504-508. 

Horne, J.S., and E.O. Garton. 2006. Selecting the best home range model: an 

information-theoretic approach. Ecology 87:1146-1152. 

Hoving, C.L., R.A. Joseph, and W.B. Krohn. 2003. Recent and historical distributions of 

Canada lynx in Maine and the northeast. Northeastern Naturalist 10:363-382. 

Hoving, C.L., D.J. Harrison, W.B. Krohn, R.A. Joseph, and M. O’Brien. 2005. Broad-

scale predictors of Canada lynx occurrence in eastern North America. Journal of 

Wildlife Management 69:739-751. 

Irving, L., H. Krog, and M. Monson. 1955. The metabolism of some Alaskan animals in 

winter and summer. Physiological Zoology 28:173-185. 

Janečka, J.E., T.L. Blankenship, D.H. Hirth, M.E. Tewes, C.W. Kilpatrick, and L.I. 

Grassman, Jr. 2006. Kinship and social structure of bobcats (Lynx rufus) inferred 

from microsatellite and radio-telemetry data. Journal of Zoology 269: 494-501.  

Janečka, J.E., T.L. Blankenship, D.H. Hirth, C.W. Kilpatrick, M.E. Tewes, and L.I. 

Grassman. 2007. Evidence for male-biased dispersal in bobcats Lynx rufus using 

relatedness analysis. Wildlife Biology 13:38-47. 

Kalinowski, S.T., A.P Wagner, and M.L. Taper. 2006. ML-RELATE: a computer 

program for maximum-likelihood estimation of relatedness and relationship. 

Molecular Ecology Notes 6:576-579. 

Kapfer, P.M., and K.B. Potts. 2012. Socioeconomic and ecological correlates of bobcat 

harvest in Minnesota. Journal of Wildlife Management 76:237-242. 



 

 80 

Knick, S.T., and T.N. Bailey. 1986. Long-distance movements by two bobcats from 

southeastern Idaho. American Midland Naturalist 116:222-223. 

Knick, S.T. 1990. Ecology of bobcats relative to exploitation and a prey decline in 

southeastern Idaho. Wildlife Monographs 108:3-42. 

Koehler, G.M., and M.G. Hornocker. 1989. Influences of seasons on bobcats in Idaho. 

Journal of Wildlife Management 53:197-202. 

Kolowski, J.M., and A. Woolf. 2002. Microhabitat use by bobcats in southern Illinois. 

Journal of Wildlife Management 66:822-832. 

Kreeger, T.J., and J.M. Arnemo. 2007. Handbook of Wildlife Chemical Immobilization. 

3rd ed. International Wildlife Veterinary Services, Wyoming.  

Kuehnast, E.L., D.G. Baker, and J.A. Zandlo. 1982. Climate of Minnesota: Part XIII, 

Duration and depth of snow cover. University of Minnesota, Agricultural 

Experiment Station Technical Bulletin 333, Saint Paul, Minnesota, USA. 

Larson, T.J., O.J. Rongstad, and F.W. Terbilcox. 1978. Movement and habitat use of 

white-tailed deer in southcentral Wisconsin. Journal of Wildlife Management 

42:113-117. 

Larson, M.A. 2009. Grouse surveys in Minnesota during spring 2008. Minnesota 

Department of Natural Resources, Grand Rapids, Minnesota, USA. 

Latham, A.D.M., M.C. Latham, N.A. McCutchen, and S. Boutin. 2011. Invading white-

tailed deer change wolf-caribou dynamics in northeastern Alberta. Journal of 

Wildlife Management 75:204-212. 

Laundre J.W. 2005. Puma energetics: a recalculation. Journal of Wildlife Management 



 

 81 

69:723-732. 

Lenarz, M.S. 2010. Population trends of white-tailed deer in the forest zone—2009. 

Minnesota Department of Natural Resources, Grand Rapids, Minnesota. 

Litvaitis, J.A., C.L. Stevens, and W.A Mautz. 1984. Age, sex, and weight of bobcats in 

relation to winter diet. Journal of Wildlife Management 48:632-635. 

Litvaitis, J.A., J.A. Sherburne, and J.A., Bissonette. 1986a. Bobcat habitat use and home 

range size in relation to prey density. Journal of Wildlife Management 50:110-117. 

Litvaitis, J.A., A.G. Clark, and J.H. Hunt. 1986b. Prey selection and fat deposits of 

bobcats (Felis rufus) during Autumn and Winter in Maine. Journal of Mammalogy 

67:389-392. 

Litvaitis, J.A., and D.J. Harrison. 1989. Bobcat-coyote niche relationships during a period 

of coyote population increase. Canadian Journal of Zoology 67:1180-1188. 

Loo, S.E., R. MacNally, and P.S. Lake. 2007. Forecasting New Zealand mudsnail 

invasion range: model comparisons using native and invaded ranges. Ecological 

Applications 17:181-189. 

Lovallo, M.J. and E.M. Anderson. 1996. Bobcat home range size and habitat use in 

northwest Wisconsin. American Midland Naturalist 135:241-252. 

Lovallo, M.J. 1999. Multivariate models of bobcat habitat selection for Pennsylvania 

landscapes. Dissertation, Pennsylvania State University, University Park, 

Pennsylvania. 

MacArthur, R.H. 1972. Geographical ecology. Harper & Row, New York. 

Marino, J., M. Bennett, D. Cossios, A. Iriarte, M. Lucherini, P. Pliscoff, C. Sillero-Zubiri, 



 

 82 

L. Villalba, and S. Walker. 2011. Bioclimatic constraints to Andean cat 

distribution: a modeling application for rare species. Diversity and Distributions 

17:311-322. 

Mautz, W.W., and P.J. Pekins. 1989. Metabolic rate of bobcats as influenced by seasonal 

temperatures. Journal of Wildlife Management 53:202-205. 

McCann, N.P., and R.A. Moen. 2011. Mapping potential core areas for lynx (Lynx 

canadensis) using pellet counts from snowshoe hares (Lepus americanus) and 

satellite imagery. Canadian Journal of Zoology 89:509-516. 

McCord, C.M. 1974. Selection of winter habitat by bobcats (Lynx rufus) on the Quabbin 

Reservation, Massachusetts. Journal of Mammalogy 55:428-437. 

McLean, M., T.S. McCay, and M.J. Lovallo. 2005. Influence of age, sex and time of year 

on diet of bobcat (Lynx rufus) in Pennsylvania. American Midland Naturalist 

153:450-453.  

Mech, L.D., R.E. McRoberts, R.O. Peterson, and R.E. Page. 1987. Relationships of deer 

and moose populations to previous winters’ snow. Journal of Animal Ecology 

56:615-627. 

Minnesota Climatology Working Group. 

http://climate.umn.edu/doc/historical/temp_norm_adj.htm. Accessed 15 July 2010. 

MN DNR, 2011. Minnesota moose research and management plan. Minnesota 

Department of Natural Resources, Saint Paul, MN, USA. Accessed 3/19/12, 

http://files.dnr.state.mn.us/fish_wildlife/wildlife/moose/management/mooseplan-

final.pdf 

http://climate.umn.edu/doc/historical/temp_norm_adj.htm
http://files.dnr.state.mn.us/fish_wildlife/wildlife/moose/management/mooseplan-final.pdf
http://files.dnr.state.mn.us/fish_wildlife/wildlife/moose/management/mooseplan-final.pdf


 

 83 

Mladenoff, D.J., T.A. Sickley, R.G. Haight, A.P. Wydeven. 1995. A regional landscape 

analysis and prediction of favorable gray wolf habitat in the northern Great Lakes 

region. Conservation Biology 9:279-294. 

Monterroso, P., J.C. Brito, P. Ferreras, and P.C. Alves. 2009. Spatial ecology of the 

European wildcat in a Mediterranean ecosystem: dealing with small radio-tracking 

datasets in species conservation. Journal of Zoology 279:27-35. 

Mosser, A., J.M. Fryxell, L. Eberly, and C. Packer. 2009. Serengeti real estate: density 

vs. fitness-based indicators of lion habitat quality. Ecology Letters 12:1050-1060. 

Mowat,G., B.G. Slough, and S. Boutin. 1996. Lynx recruitment during a snowshoe hare 

population peak and decline in southwest Yukon. Journal of Wildlife Management 

60:441-452. 

Mowat, G., and B. Slough. 2003. Habitat preference of Canada lynx through a cycle in 

snowshoe hare abundance. Canadian Journal of Zoology 81:1736-1745. 

Murray, D.L., T.D. Steury, and J.D. Roth. 2008. Assessment of Canada lynx research and 

conservation needs in the southern range: another kick at the cat. Journal of 

Wildlife Management 72:1463-1472. 

Nelson, M.E., and L.D. Mech. 1986. Relationship between snow depth and gray wolf 

predation on white-tailed deer. Journal of Wildlife Management 50:471-474. 

Nielsen, C.K., and A. Woolf. 2001. Spatial organization of bobcats (Lynx rufus) in 

southern Illinois. American Midland Naturalist 146:43-52. 

Nielsen, C.K., and A. Woolf. 2002. Habitat-relative abundance relationship for bobcats in 

southern Illinois. Wildlife Society Bulletin 30:222-230. 



 

 84 

Nielsen, C.K., and A. Woolf. 2003. Dispersal of male juvenile bobcats (Lynx rufus) in 

southern Illinois. Transactions of the Illinois State Academy of Sciences 96:313-

318. 

Norman, G.W., and D.E. Steffen. 2003. Effects of recruitment, oak mast, and fall-season 

format on wild turkey harvest rates in Virginia. Wildlife Society Bulletin 31:553-

559. 

Notaro, M., D.J. Lorenz, D. Vimont, S. Vavrus, C. Kucharik, and K. Franz. 2011. 21
st
 

century Wisconsin snow projections based on an operational snow model driven by 

statistically downscaled climate data. International Journal of Climatology 31:1615-

1633. 

Noyce, K.V., and D.L. Garshelis. 1997. Influence of natural food abundance on black 

bear harvests in Minnesota. Journal of Wildlife Management 61:1067-1074. 

Nunley, G.L. 1977. The effects of coyote control operations on non-target species in New 

Mexico. Great Plains Wildlife Damage Workshop 3:88-110 

Oftedal, O.T., and J.L. Gittleman.  1989.  Patterns of energy output during reproduction 

in carnivores.  In: Gittleman, J.L. (Ed.), Carnivore behavior, ecology, and 

evolution, Cornell University Press, Ithaca, New York, pp. 355-378. 

Pagano, A.M., and T.W. Arnold. 2009. Detection probabilities for ground-based breeding 

waterfowl surveys. Journal of Wildlife Management 73:392-398. 

Palomares, F., and T.M. Caro. 1999. Interspecific killing among mammalian carnivores. 

American Naturalist 153:492-508. 

Parker, G.R., J.W. Maxwell, L.D. Morton, and G.E.J. Smith. 1983. The ecology of the 



 

 85 

lynx (Lynx canadensis) on Cape Breton Island. Canadian Journal of Zoology 

61:770–786. 

Parmesan, C., and G. Yohe. 2003. A globally coherent fingerprint of climate change 

impacts across natural systems. Nature 421:37-42. 

Pearson, R.G., C.J. Raxworthy, M. Nakamura, and A.T. Peterson. 2007. Predicting 

species distributions from small numbers of occurrence records: a test case using 

cryptic geckos in Madagascar. Journal of Biogeography 34:102-117. 

Peck, J.H., and G.A. Heidt. 1985. A model to predict Arkansas gray fox fur harvests. 

Arkansas Academy of Science Proceedings XXXIX:92-94. 

Petraborg, W.H., and V.E. Gunvalson. 1962. Observations on bobcat mortality and 

bobcat predation on deer. Journal of Mammalogy 43:430-431. 

Phillips, S.J., M. Dudík, and R.E. Schapire. 2004. A maximum entropy approach to 

species distribution modeling. In: Proceedings of the 21
st
 International Conference 

on Machine Learning, ACM Press, New York, pp. 655-662. 

Phillips, S.J., R.P. Anderson, and R.E. Schapire. 2006. Maximum entropy modeling of 

species geographic distributions. Ecological Modeling 190:231-259. 

Phillips, S.J., and M. Dudík. 2008. Modeling of species distributions with Maxent: new 

extensions and a comprehensive evaluation. Ecography 31:161-175. 

Phillips, S.J., M. Dudík, J. Elith, C.H. Graham, A. Lehmann, J. Leathwick, and S. Ferrier. 

2009. Sample selection bias and presence-only distribution models: implications for 

background and pseudo-absence data. Ecological Applications 19:181-197. 

Post, E., and N.C. Stenseth. 1998. Large-scale climatic fluctuation and population 



 

 86 

dynamics of moose and white-tailed deer. Journal of Animal Ecology 67:537-543. 

Pounds, J.A., M.P.L Fogden, and K.L. Masters. 2005. Responses of natural communities 

to climate change in a highland tropical forest, in: Lovejoy, T., Hannah, L., (Eds.), 

Climate change and biodiversity, Yale University Press, London, UK. 

Pounds, J.A., M.R. Bustamante, L.A. Coloma, J.A. Consuegra, M.P.L. Fogden, P.N. 

Foster, E. La Marca, K.L. Masters, A. Merino-Viteri, R. Puschendorf, S.R. Ron, 

G.A. Sánchez-Azofeifa, C.J. Still, and B.E. Young. 2006. Widespread amphibian 

extinctions from epidemic disease driven by global warming. Nature 439:161-167. 

Powell, R.A. 1979. Ecological energetics and foraging strategies of the fisher (Martes 

pennanti). Journal of Animal Ecology 48:195-212. 

Powers, J.G., W.W. Mautz, and P.J. Pekins. 1989. Nutrient and energy assimilation of 

prey by bobcats. Journal of Wildlife Management 53:1004-1008. 

Preuss, T.S., and T.M. Gehring. 2007. Landscape analysis of bobcat habitat in the 

northern lower peninsula of Michigan. Journal of Wildlife Management 91:2699-

2706. 

Reding, D.M. 2011. Patterns and processes of spatial genetic structure in a mobile and 

continuously distributed species, the bobcat (Lynx rufus). Dissertation, Iowa State 

University, Iowa., 194 p. 

Roberts, N.M. 2008.  Bobcat distribution, population status, and monitoring in the United 

States.  Association of Fish and Wildlife Agencies CITES Working Group.  

Washington, D.C., USA.  

Roberts, N.M., and S.M. Crimmins. 2010. Bobcat population status and management in 



 

 87 

North America: evidence of large-scale population increase. Journal of Fish and 

Wildlife Management 1:169-174. 

Robinson, W.B. 1961. Population changes of carnivores in some coyote-controlled areas. 

Journal of Mammalogy 42:510-515. 

Rodgers, A.R., and J.G. Kie. 2007. HRT: Home range tools for ArcGIS. 

http://flash.lakeheadu.ca/~arodgers/hre/HRT%20Users%20Manual%20Draft%20Ja

nuary%205%202011.pdf. Accessed 15 January 2012. 

Rodríguez-Soto, C., O. Monroy-Vilchis, L. Maiorano, L. Boitani, J.C. Faller, M.Á. 

Briones, R. Núñez, O. Rosas-Rosas, G. Ceballos, and A. Falcucci. 2011. Predicting 

potential distribution of the jaguar (Panthera onca) in Mexico: identification of 

priority areas for conservation. Diversity and Distributions 17:350-361. 

Rolley, R.E., and M.L. Worland. 2009. Bobcat population analyses: 2008. Wisconsin 

Department of Natural Resources, Madison, Wisconsin, USA. 

Rollings, C.T. 1945. Habits, foods and parasites of the bobcat in Minnesota. Journal of 

Wildlife Management 9:131-145. 

Ryan, C.W., J.C. Pack, W.K. Igo, J.C. Rieffenberger, and A.B. Billings. 2004. 

Relationship of mast production to big-game harvests in West Virginia. Wildlife 

Society Bulletin 32:786-794. 

Ryan, C.W., J.C. Pack, W.K. Igo, and A. Billings. 2007. Influence of mast production on 

black bear non-hunting mortalities in West Virginia. Ursus 18:46-53. 

Schulte, L.A., D.J. Mladenoff, T.R. Crow, L.C. Merrick, and D.T. Cleland. 2007. 

Homogenization of northern U.S. Great Lakes forests due to land use. Landscape 

http://flash.lakeheadu.ca/~arodgers/hre/HRT%20Users%20Manual%20Draft%20January%205%202011.pdf
http://flash.lakeheadu.ca/~arodgers/hre/HRT%20Users%20Manual%20Draft%20January%205%202011.pdf


 

 88 

Ecology 22:1089-1103. 

Segurado, P., M.B. Araújo, and W.E. Kunin. 2006. Consequences of spatial 

autocorrelation for niche-based models. Journal of Applied Ecology 43:433-444. 

Shield, J. 1972. Acclimation and energy metabolism of the dingo, Canis dingo and the 

coyote, Canis latrans. Journal of Zoology 168:483-501.  

Sunquist, M., and F. Sunquist. 2002. Wild cats of the world. University of Chicago Press, 

Chicago, Illinois. 

Swihart, R.K., and R.H. Yahner. 1982. Eastern cottontail use of fragmented farmland 

habitat. Acta Theriologica 27:257-273. 

Thatcher, C.A., F.T. VanManen, and J.D. Clark. 2006. Identifying suitable sites for 

Florida panther reintroduction. Journal of Wildlife Management 70:752-763. 

Thompson, S.D. 1992. Gestation and Lactation in small mammals: basal metabolic rate 

and the limits of energy use. In: Tomasi, T.E. and Horton, T.H. (Eds.), Energetics: 

interdisciplinary views of metabolism and reproduction, Cornell University Press, 

Ithaca, NY, pp.213-259. 

Thompson, I.D., M.D. Flannigan, B.M. Wotton, and R. Suffling. 1998. The effects of 

climate change on landscape diversity: an example in Ontario forests. 

Environmental Monitoring and Management 49:213-233. 

Thornton, D.H., M.E. Sunquist, and M.B. Main. 2004. Ecological separation within 

newly sympatric populations of coyotes and bobcats in south-central Florida. 

Journal of Mammalogy 85:973-982. 

Tucker, S.A., W.R. Clark, and T.E. Gosselink. 2008. Space use and habitat selection by 



 

 89 

bobcats in the fragmented landscape of south-central Iowa. Journal of Wildlife 

Management 72:1114-1124. 

Tumlison, R., and V.R. McDaniel. 1986. Harvest trends of the bobcat (Felis rufus) in 

Arkansas. Proceedings Arkansas Academy of Science XXXX:78-81. 

Triska, M.D., S.C. Loughry, and T.L. Serfass. 2011. Persistence of fishers in riparian 

forests in North Dakota, USA following a severe flood event. Acta Theriologica 

56:367-374. 

United Nations Environment Programme- World Conservation Monitoring Centre 

[UNEP-WCMC]. 2009. UNEP-WCMC home page. http://www.unep-wcmc.org/. 

Accessed 10 Dec 2009. 

Vander Wal, E., and A.R. Rodgers. 2012. An individual-based quantitative approach for 

delineating core areas of animal space use. Ecological Modelling 224:48-53. 

Van Horne, B. 1983. Density as a misleading indicator of habitat quality. Journal of 

Wildlife Management 47:893-901. 

Veloz, S.D. 2009. Spatially autocorrelated sampling falsely inflates measures of accuracy 

for presence-only niche models. Journal of Biogeography 36:2290-2299. 

Virgós, E. 2001. Relative value of riparian woodlands in landscapes with different forest 

cover for medium-sized Iberian carnivores. Biodiversity and Conservation 10:1039-

1049. 

Warren, D.L., R.E. Glor, and M. Turelli. 2008. Environmental niche equivalency versus 

conservatism: quantitative approaches to niche evolution. Evolution 62:2868-2883. 

Warren, D.L., and S.N. Seifert. 2011. Ecological niche modeling in Maxent: the 

http://www.unep-wcmc.org/


 

 90 

importance of model complexity and the performance of model selection criteria. 

Ecological Applications 21:335-342. 

White, G.C., and R.A. Garrott. 1990. Analysis of wildlife radio-tracking data. Academic 

Press, Inc., California. 

Wielgus, R.B., F. Sarrazin, R. Ferriere, and J. Clobert. 2001. Estimating effects of adult 

male mortality on grizzly bear population growth and persistence using matrix 

models. Biological Conservation 98:293-303. 

Wilson, S. 2007. Nebraska bobcat tagging results. Nebraska Game and Parks 

Commission. Lincoln, Nebraska, USA.  

Wilting, A., A. Cord, A.J. Hearn, D. Hesse, A. Mohamed, C. Traeholdt, S.M. Cheyne, S. 

Sunarto, M. Jayasilan, J. Ross, A.C. Shapiro, A. Sebastian, S. Dech, C. 

Breitenmoser, J. Sanderson, J.W. Duckworth, and H. Hofer. 2010. Modelling the 

species distribution of flat-headed cats (Prionailurus planiceps), and endangered 

southeast-Asian small felid. PLoS ONE 5:1-18. 

Woolf, A., C.K. Nielsen, T. Weber, and T.J. Gibbs-Kieninger. 2002. Statewide modeling 

of bobcat, Lynx rufus, habitat in Illinois, USA. Biological Conservation 104:191-

198. 

Worton, B.J. 1989. Kernel methods for estimating the utilization distribution in home-

range studies. Ecology 70:164-168. 

Zub, K., P.A. Szafranska, M. Konarzewski, P. Redman, and J.R. Speakman. 2009. Trade-

offs between activity and thermoregulation in a small carnivore, the least weasel 

Mustela nivalis. Proceedings of the Royal Society B 276:1921-1927. 



 

 91 

Zuur, A.F., E.N. Ieno, N.J. Walker, A.A. Saveliev, and G.M. Smith. 2009. Mixed effects 

models and extensions in ecology with R. Springer, New York. 

 

 

 


