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ABSTRACT 

 

 

 Spring ungulate carcasses are an important food source for grizzly bears (Ursus 

arctos) on the Northern Yellowstone Winter Range (NYWR).  The objectives of this 

study were to: 1) provide a 1997 – 2012 update on spring carcass monitoring surveys 

across the NYWR, 2) compare grizzly bear use of carcasses in the spring between the 

Gallatin National Forest (GNF) and Yellowstone National Park (YNP), and 3) compare 

detection rates for two carcass survey techniques implemented on the GNF in 2006, 

2008, and 2009.  Carcasses occurred on the NYWR at low quantities (�̅� = 31 carcasses 

per year), with the exception of ‘pulse’ events in 1997, 2006, 2008, and 2011 (�̅� = 152 

carcasses per year).  On average, 76% of the carcasses on the NYWR were elk, and 57% 

were classified as adults.  Wilcoxon rank sum tests indicated that both the proportion of 

carcasses used by grizzly bears and the number of carcasses used per kilometer of 

transect was less (P = 0.010 and P = 0.018, respectively) on the GNF than YNP in ‘pulse 

years’ and did not differ (P = 0.470 and P = 0.550) in years characterized by low carcass 

counts.  Direct evidence of human activity was documented at 80% of all mature elk 

carcass sites on the GNF, and was estimated by YNP management to not exceed 1% of 

all carcass sites in YNP, although no data was collected.  Density of roads was higher (P 

< 0.001) on the GNF than in YNP.  I used a multiple logistic regression framework to 

assess the correlates of grizzly bear carcass use and found that the only significant 

parameter of ecological interest to predict grizzly bear use of carcasses was road density. 

The odds that grizzly bears scavenged on a given survey area in a given year decreased 

83% for every 1 km/6.15 km
2
 increase in road density. A Wilcoxon rank sum test of 

carcass detection rates for strategically and systematically placed transects revealed no 

differences or higher detection rate ranks for the less resource intensive strategic method.  

Managers of multi-use ungulate winter ranges may consider spring road closures that 

limit human activity, in order to enhance foraging opportunities for grizzly bears.  
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LITERATURE REVIEW 

 
 

Introduction: 

 

 Dead animal matter is an important and often underestimated component of 

ecological communities (DeVault et al. 2003).  Carcasses add nutrients to the soil (Melis 

et al. 2007) and provide high energy food resources for vertebrate scavengers (Wilson 

and Wolkovich 2011).  For some species, like the grizzly bear (Ursus arctos), carcasses 

may be one of very few options for a high-energy food resource during some seasons, 

particularly spring (Mattson et al. 1991, Green et al. 1997).  Carcass scavenging may 

even comprise a greater component of energy flow than predation (Wilson and 

Wolkovich 2011); species that scavenge carcasses are responsible for an important 

portion of nutrient recycling in ecosystems (Bartoń et al. 2013).    

 The Northern Yellowstone Winter Range (NYWR), spanning the Northwest 

portion of Yellowstone National Park (YNP) into the Southwest corner of Montana, is 

characterized by a complex and interdependent scavenging community (Houston 1978, 

Wilmers et al. 2003a).  In the Greater Yellowstone Ecosystem (GYE), scavenging at wolf 

(Canis lupus) kills can be described by a guild of twelve different carnivorous species 

(Stahler et al. 2002, Wilmers et al. 2003a).    

 The NYWR is characterized by warmer, drier winters than much of the GYE 

(Grimm 1939, Houston 1982).  Annual precipitation of the area is low, averaging around 

24 cm on the Gallatin National Forest (GNF) area north of YNP (Coughenour and Singer 

1996).  As a result, ungulate populations, notably the Northern Yellowstone elk herd, 
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migrate from summer ranges at higher elevations to the dry, low-elevation areas of the 

NYWR to maximize grazing opportunities and withstand the winter months (Grimm 

1939, Houston 1982).  Even in these dry and relatively mild ungulate winter ranges, 

mortality of starving elk (Cervus canadensis), deer (Odocoileus hemionus), and bison 

(Bison bison) weakened from the winter months provides an important food resource for 

many carnivorous species (Houston 1978).  

 

Ungulate Carrion Availability in the Greater Yellowstone Ecosystem: 

 

 A dominant member of the scavenging community on the NYWR is the grizzly 

bear, which searches for high-energy food resources following den emergence.  Ungulate 

carcasses are the primary grizzly bear food resource in the spring (Green et al. 1997, 

Mattson 1997, USFWS 2007a).  However, availability and predictability of ungulate 

carcasses as a food resource in the GYE is highly variable, particularly on the NYWR.  

 The temporally dynamic patterns in the availability of spring ungulate carcasses 

are linked to dramatic changes in GYE ungulate demographics and population sizes 

(Houston 1978). In the GYE, changes in ungulate management paradigms have strongly 

affected Northern Yellowstone elk and bison population demographics and sizes 

(Houston 1982, Chase 1987, Coughenour and Singer 1996, Taper and Gogan 2002, 

Eberhardt et al. 2007).  Restoration of natural ecological processes as a result of native 

large carnivore recovery (especially wolves and grizzly bears) has also played a role in 

ungulate population dynamics (Singer et al. 1997, Vucetich et al. 2005, White and 

Garrott 2005a, White and Garrott 2005b, Evans et al. 2006, Wright et al. 2006, Barber-
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Meyer et al. 2008, Hamlin et al. 2009).  Changes in winter conditions and periods of 

drought have influenced NYWR ungulate winter survival, in turn affecting population 

demographics and distributions (Singer et al. 1989, Coughenour and Singer 1996, Gese et 

al. 1996, Cook et al. 2004, White and Garrott 2005a, Wang et al. 2006, Bruggeman et al. 

2009, Geremia et al. 2009, Geremia et al. 2011, Podruzny et al. 2012).   

 Beyond the link between ungulate population dynamics and the availability of 

winter or predator killed ungulates, carcass availability to a given scavenging species in a 

given season may be strongly influenced by interspecific competition (Keith 1983, 

Wilmers et al. 2003b, Hebblewhite and Smith 2010, White et al. 2013). 

 

NYWR Ungulate Populations: Management History 

 

 In 1968, a shift in NYWR management paradigm to one driven by a natural 

regulation approach to wildlife management marked the beginning of the ecological 

management era (1968-1983; Houston 1982). With some historically characteristic 

ecological processes in the GYE missing (e.g., the predator-prey dynamics native to the 

ecosystem), this passive management policy yielded a rapid increase in the Northern 

Yellowstone elk and bison populations (Cole 1971, Eberhardt et al. 2007). By the early 

1970s, the Northern Yellowstone elk herd had increased from several thousand to around 

17,000 elk (Eberhardt et al. 2007), and the Northern Yellowstone bison population had 

increased from only several dozen to 600 individuals (Cole 1971, Meagher 1973). 
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 The beginning of the restoration era in the early 1980s signified a shift in 

paradigm toward recognition that the Northern Yellowstone elk herd far exceeded the 

carrying capacity of the NYWR (White et al. 2013).  There were 19,000 elk on the 

NYWR by 1994, and foraging conditions of the NYWR were deteriorating (Eberhardt et 

al. 2007).   Density-dependent mechanisms began to decrease elk survival and calf 

recruitment (Coughenour and Singer 1996, Singer et al. 1997, Taper and Gogan 2002, 

Barmore 2003, Kie et al. 2003).  Liberal harvest quotas North of the YNP boundary 

(White and Garrott 2005a) resulted in the harvest of thousands of elk in the late 1980s 

and early 1990s (Coughenour and Singer 1996, Taper and Gogan 2002).  Between 1995 

and 2010, the proportion of the Northern Yellowstone elk herd that migrated North of the 

Yellowstone National Park boundary during the winter increased (Lemke et al. 1998, 

White et al. 2012), resulting in a greater portion of the herd susceptible to late fall and 

early winter hunter harvest.  Late elk hunt permits were eliminated in 2010 due to 

concerns about the status of the Northern Yellowstone elk herd (White et al. 2012).  The 

low elk numbers in Northern Yellowstone in recent years (relative to the population size 

in the 1990s; Eberhardt et al. 2007) are likely a result of the additive effects of continued, 

intensive hunter harvest following the reintroduction and establishment of wolves in 1995 

(White and Garrott 2005a, Evans et al. 2006, Eberhardt et al. 2007).  Increases in the 

Northern bison population during the era of natural regulation resulted in seasonal 

movements and bison expansion beyond the YNP boundary (Bjornlie and Garrott 2001, 

Bruggeman et al. 2009); foraging opportunities became a limiting factor in the park 

(Taper et al. 2000, Fuller et al. 2007).   
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 Under the current management paradigm, bison moving out of YNP are 

periodically culled in attempts to mitigate the risk of transmission of brucellosis to cattle 

(Fuller et al. 2007).  Fewer ungulates on the landscape may mean less carrion available as 

a scavenging resource, relative to historic patterns.  

 

NYWR Ungulate Populations: Predator Recovery 

 

 Restoration of natural ecological processes as a result of native large carnivore 

recovery (particularly wolves and grizzly bears) has also played a role in the dynamics of 

ungulate mortality (Singer et al. 1997, White and Garrott 2005a, White and Garrott 

2005b, Evans et al. 2006, Wright et al. 2006, Eberhardt et al. 2007, Barber-Meyer et al. 

2008, Hamlin et al. 2009). The 1995 wolf reintroduction to YNP was a turning point in 

the restoration era.  The Northern Range wolf population exhibited a 22% annual growth 

rate between 1996 and 2004 (White et al. 2013), however disease outbreaks in 2005 and 

2008 resulted in high pup mortality and ultimately a decrease in the wolf population 

during the winters of 2006 and 2009 (Almberg et al. 2009, Almberg et al. 2010).  In the 

late 1990s and early 2000s, 85–90% of wolf kills in the park were elk (Mech et al. 2001, 

Smith et al. 2004, Smith 2005).  From 1996–2002, wolf kills were primarily calves and 

older individuals (Wright et al. 2006, Eberhardt et al. 2007).  This predation was likely 

compensatory; these vulnerable segments of the elk population (Smith 2005) would have 

probably starved during the winter months (Wright et al. 2006, Eberhardt et al. 2007).  

However, since 2003, increases in the GYE wolf population yielded a decrease in 

survival of reproductive age female elk (White and Garrott 2005a, Hamlin et al. 2009).  
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Wolf predation has likely become increasingly additive (rather than compensatory) in 

recent years, as the Northern elk herd population has decreased. 

 Wolves add ungulate carrion to the landscape year-around via kill events, thus 

stabilizing carrion availability (Stahler et al. 2002, Wilmers et al. 2003a, Hebblewhite 

and Smith 2010).  Wolf recovery could mean that carrion will no longer solely occur on 

the landscape in seasonal pulses following severe winters (Gese et al. 1996).   

 Grizzly bears and American black bears (Ursus americanus) predate on elk calves 

in the late spring and early summer (Singer et al. 1997).  Between 2003 and 2005, 60% of 

NYWR elk calf deaths could be attributed to grizzly and black bear predation (Barber-

Meyer et al. 2008).  Whereas wolf predation of elk was likely compensatory for several 

years following wolf reintroduction (Vucetich et al. 2005, Wright et al. 2006, Eberhardt 

et al. 2007), grizzly bear recovery and increased predation on young elk could have 

contributed to additive predation effects (Griffin et al. 2011).   Whether predation is 

compensatory or additive, large carnivores play a role in ungulate population sizes and 

demographics, and therefore the dynamics characterizing carcass resources across the 

NYWR. 

 

NYWR Ungulate Populations: Climate and the Future 

 

 Changes in winter conditions and periods of drought have influenced NYWR 

ungulate winter survival, in turn affecting population demographics and distributions 

(Singer et al. 1989, Coughenour and Singer 1996, Gese et al. 1996, Cook et al. 2004, 

White and Garrott 2005a, Wang et al. 2006, Podruzny et al. 2012). Monitoring efforts in 
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YNP indicate a strong positive correlation between snow water equivalent and the 

number of ungulate carcasses detected in the spring (Podruzny et al. 2012).  

Environmental conditions that influence forage availability affect elk survival 

(Coughenour and Singer 1996).  Forage is difficult for ungulates to access in winters 

characterized by icing and thawing events (Wang et al. 2006). Winter weather and 

climatic variation may also influence wolf predation patterns (Smith et al. 2004, 

Hebblewhite 2005). Wolves may kill more elk in years with deeper snow (Huggard 1993, 

Jaffe 2001, Mech et al. 2001). 

 More elk travel to the lower-elevation portions of the NYWR (North of the YNP 

boundary) in years with heavier snowpack. This migration driven by severe winters 

increased hunter harvest success during the time period of liberal late autumn/early 

winter permitting (White and Garrott 2005a).  Similarly, in severe winters, more bison 

migrate outside of the park and are subsequently culled (Bruggeman et al. 2009, Geremia 

et al. 2009, Geremia et al. 2011). 

 Conditions of the summer preceding a winter season (such as drought or fire) also 

play an important role in the number of ungulates that die in winter (Turner et al. 1994).   

There was a large increase in the number of carcasses on the NYWR at the end of the 

winter following the 1988 drought and massive fire events (Green et al. 1997).  

Approximately 34% of elk winter range in the GYE was affected by the 1988 fires, and 

thousands of elk starved in the following winter (Singer et al. 1989). 

 Temperatures in and around YNP increased during the last 50 years (Wilmers and 

Getz 2004).  Climate change could mean milder winters and less ungulate die off, 
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resulting in less carrion available to scavengers in the spring.  Climate change could also 

drive more prevalent drought conditions, reducing nutritional quality of summer forage 

and over-winter forage availability to ungulates. Low elk calf recruitment between 1996 

and 2006 may have been driven by the combined effects of wolf restoration and drought 

conditions (Cook et al. 2004).  These ‘opposing’ potential impacts on ungulate 

populations make predicting the consequences of climate change challenging. 

 

Competition and Carrion Availability 

 

 Beyond the link between ungulate population dynamics and the abundance of 

winter- or predator-killed ungulates, carcass availability to a given scavenging species in 

a given season may be strongly influenced by interspecific competition (Keith 1983, 

Wilmers et al. 2003b, Hebblewhite and Smith 2010, White et al. 2013).   Bears and 

wolves may directly compete at carcass sites, with bears dominating such interactions 

85% of the time (Hebblewhite and Smith 2010).  Besides the direct competition for 

carcass resources among carnivorous species, the spatio-temporal dynamics of wolf 

predation may heighten competitive interactions and thus carcass availability to some 

species (Wilmers et al. 2003b).  Wolf predation results in carcasses that are well 

dispersed through time and space, rather than highly seasonal, concentrated pulses 

resulting from winter kill (Stahler et al. 2002, Wilmers et al. 2003a, Wilmers et al. 2003b, 

Hebblewhite and Smith 2010).  Competitive interactions tend to be more prevalent under 

this scenario than if carcasses were highly concentrated in time and space (Wilmers et al. 

2003b).  In the context of this stabilization of carcass pulses, and given that grizzly bears 
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hibernate, the ability of bears to use carcasses depends on when carcasses appear on the 

landscape (Green et al. 1997). 

 

Conclusions: 

 

 Carcasses are an important resource for a diverse guild of carnivorous species on 

the NYWR.  In spring, ungulate carcasses are a particularly important high-energy food 

source for grizzly bears, a species of ongoing conservation concern.  The seasonal 

availability of carcasses on the NYWR is dynamic.  Ungulate carcass availability is a 

function of ungulate population sizes and competition for the resource.  Changing 

management paradigms, large carnivore recovery, and a changing climate have all 

influenced ungulate population demographics and distribution in the GYE.  Wolf 

recovery in the GYE has heightened interspecific competitive interactions at carcass sites 

on the NYWR.  Given the potential vulnerability and uncertainty of carcasses as an 

available resource to grizzly bears, a deeper understanding of the factors associated with 

grizzly bear use of carcasses is important to future conservation and habitat management 

efforts. 
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CARCASS MONITORING UPDATE, GRIZZLY BEAR USE OF CARCASSES, AND 

MONITORING PROTOCOL ON THE NORTHERN YELLOWSTONE WINTER 

RANGE (1997–2012) 

 

Introduction 

 

 

Grizzly Bear Status and Food Habits 

 

 The grizzly bear (Ursus arctos) was classified as a Threatened species according 

to the U.S. Endangered Species Act (ESA) in the lower 48 states in 1975. The U. S. Fish 

and Wildlife Service (USFWS) developed a recovery plan in 1993 to guide scientific 

monitoring and conservation objectives for the grizzly bear in the Greater Yellowstone 

Ecosystem (GYE).  As a result of intensive recovery efforts, grizzly bears have made a 

comeback in the GYE since a population low in the 1970s (Schwartz et al. 2002, 

Schwartz et al. 2006, Haroldson et al. 2013, Bjornlie et al. 2014b).  There were an 

estimated 200–350 grizzly bears in the GYE in the 1980s (Eberhardt and Knight 1996) 

and this number increased to 757 bears by 2014 (Haroldson et al. 2015).   

 The grizzly bear recovery plan (USFWS 1993) mandated the development of a 

Conservation Strategy.  The goal was to document collaborative plans among relevant 

stakeholders for meeting management objectives, monitoring requirements, and 

conservation standards to sustain the GYE grizzly bear population beyond its status as 

listed on the ESA.  The GYE grizzly bear population Final Conservation Strategy was 

completed in 2007 (USFWS 2007a).  Following a proposed rule, delisting occurred in 

2007 (USFWS 2007b), which was litigated.  This litigation culminated in a 9
th

 Circuit 
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Court of Appeals decision, which ruled that while the Conservation Strategy consisted of 

adequate regulatory mechanisms to ensure habitat and population standards be met, there 

was too much uncertainty regarding the impacts of decline in a key grizzly bear food 

resource, whitebark pine (Pinus albicaulis).  After a multiple-year research effort by the 

Interagency Grizzly Bear Study Team (IGBST), evidence suggested that as a generalist, 

opportunistic species, grizzly bears were adjusting to changes in food sources (IGBST 

2013).  On 11 March 2016, the U.S. Fish and Wildlife Service published a new proposed 

rule for delisting of the Yellowstone grizzly bear population from the ESA (USFWS 

2016).  In the accompanying Conservation Strategy, all relevant land management 

agencies are mandated to monitor key grizzly bear food resources.  With declines in 

historically important grizzly bear food sources in the Yellowstone ecosystem such as 

whitebark pine and cutthroat trout (Oncorhynchus clarkia; Haroldson et al. 2005, Koel et 

al. 2005, Gibson 2007, Mahalovich 2013), grizzly bear food habits have become a 

particularly relevant realm of study to aid in conservation efforts.   

 Ungulate meat is a high energy food source for GYE grizzly bears (Mealey 1975, 

Pritchard and Robbins 1990, Craighead et al. 1995).  Consumption of meat plays a 

stronger role in diet patterns of Yellowstone grizzly bears than other well-studied 

populations (Mattson et al. 1991, Mattson 1997, Hilderbrand et al. 1999, Jacoby et al. 

1999, Mowat and Heard 2006).  Ungulates provide approximately half of the energy 

required by Yellowstone grizzly bears during the non-denning season (Mattson 1997).  A 

particularly important form of GYE grizzly bear consumption of ungulates occurs in the 

spring, as bears scavenge winter- and predator-killed ungulates across ungulate winter 
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ranges (Green et al. 1997, Mattson 1997). A major ungulate wintering range in the GYE 

is the Northern Yellowstone Winter Range (NYWR); this area spans two management 

jurisdictions (Yellowstone National Park [YNP] and the Gallatin National Forest [GNF]). 

Ungulate carcasses are one of the key grizzly bear food sources outlined as 

important to monitor in the Conservation Strategy (USFWS 2007a) for the GYE grizzly 

bear population. Carcass availability to grizzly bears is highly variable given the complex 

dynamics of ungulate mortality on the NYWR. Temporally dynamic patterns in the 

availability of spring ungulate carcasses are linked to changes in GYE ungulate (elk, 

bison, and deer) demographics and population sizes (Houston 1978). Changes in ungulate 

management paradigms have strongly affected Northern Yellowstone elk and bison 

population demographics and sizes (Houston 1982, Chase 1987, Coughenour and Singer 

1996, Taper and Gogan 2002, Eberhardt et al. 2007).  Restoration of natural ecological 

processes as a result of native large carnivore recovery (especially wolves and grizzly 

bears) has also played a role in ungulate population dynamics (Singer et al. 1997, White 

and Garrott 2005a, White and Garrott 2005b, Evans et al. 2006, Wright et al. 2006, 

Barber-Meyer et al. 2008, Hamlin et al. 2009).  Changes in winter conditions and periods 

of drought have influenced NYWR ungulate winter survival (Singer et al. 1989, 

Coughenour and Singer 1996, Gese et al. 1996, Cook et al. 2004, White and Garrott 

2005a, Wang et al. 2006, Podruzny et al. 2012).   
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Greater Yellowstone Ecosystem 

Carcass Studies and Monitoring 

Overview.  Given the dynamic nature of the carcass resource on the NYWR, and 

the importance of ungulate meat to grizzly bears, a more thorough understanding of 

carcass dynamics and the factors associated with grizzly bear use of carcasses is 

warranted.  Little research has assessed carcass availability and quantified potential 

factors influencing grizzly bear use of carcasses in the GYE.  Green et al. (1997) studied 

carcass dynamics and grizzly bear utilization on the NYWR (1987–1990) as well as the 

Firehole-Gibbon winter range (geothermally influenced areas of the YNP interior; 1985–

1990).  Strategically placed carcass monitoring surveys were implemented within the 

GNF in 1989 and within the YNP portion of the NYWR in 1997.  These were travel 

routes placed in known ungulate migration corridors in order to maximize the number of 

carcasses encountered by monitoring crews. Monitoring surveys in YNP were also 

established on the Firehole-Gibbon/Norris geyser basin wintering ranges in 1992.  These 

carcass monitoring surveys are documented in the Conservation Strategy for grizzly bears 

in the GYE (USFWS 2007a); the IGBST publishes summaries of the YNP monitoring 

data each year in their annual reports.  Engelhardt-Bergsjo et al. (2009) summarized 2006 

carcass monitoring data from the GNF monitoring surveys and implemented a more 

rigorous transect scheme of systematically placed parallel transects.  Whereas factors 

related to grizzly bear use of carcasses was not evaluated, 2006 carcass counts, 

proportions used by bears, evidence of human activity, and evidence of other scavenging 

species in the study area were documented (Engelhardt-Bergsjo et al. 2009).  The 
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systematic transect scheme for carcass monitoring implemented by Engelhardt-Bergsjo et 

al. (2009) was repeated on the GNF in 2008 and 2009.  The Northern Yellowstone 

Cooperative Wildlife Working Group (NYCWWG) conducts aerial counts of ungulate 

populations on the NYWR each year, and has simultaneously counted spring ungulate 

carcasses in their flights over the GNF portion of the NYWR in the majority of years 

from 1989 to present. 

Carcass Counts, Composition, and Scavengers.  Between 1985 and 1990 in the 

Firehole-Gibbon study area, 396 elk, 239 bison, and 1 mule deer carcass were 

documented; the majority of the carcasses (274 elk, 142 bison, and 1 mule deer) were 

associated with the 1989 winter following the severe 1988 fire events (Green et al. 1997).  

When excluding 1989, 122 elk and 97 bison were documented over 5 years, averaging 

approximately 44 carcasses per year (Green et al. 1997).  Across all years in the Firehole-

Gibbon study area, approximately 62% of the carcasses counted were elk, 38% were 

bison, and 0.2% were mule deer (Green et al. 1997).  Between 1987 and 1990 in the 

Northern Range area of YNP, 741 elk, 18 bison, 15 mule deer, 14 pronghorn, 8 bighorn, 

and 1 moose were documented; similar to the Firehole, the majority (564 elk, 6 bison, 4 

mule deer, 12 pronghorn, and 3 bighorn) were counted in 1989 (Green et al. 1997).  

When excluding 1989, 177 elk, 12 bison, 11 mule deer, 2 pronghorn, and 5 bighorn were 

counted over 3 years, averaging approximately 69 carcasses per year (Green et al. 1997).  

Across all years on the NYWR portion of YNP, approximately 93% of the carcasses 

counted were elk, 2% were bison, and 5% were other ungulate species (Green et al. 
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1997).  In 2006, 21 elk and 30 deer were counted on strategic carcass surveys on the GNF 

portion of the NYWR; 18 elk and 37 deer were counted on the systematic transects 

(Engelhardt-Bergsjo et al. 2009).   Of all carcasses documented on the 2006 GNF 

strategic surveys, 41% were elk and 59% were mule deer (Engelhardt-Bergsjo et al. 

2009).  Evidence of major scavengers, besides bears, was not reported by Green et al. 

(1997) or Engelhardt-Bergsjo et al. (2009). 

 

 Grizzly Bear Use of Carcasses.  Across both wintering ranges of YNP, 

approximately 8% (n = 120) of all carcasses documented throughout the 1985–1990 

study period were used by bears (Green et al. 1997). Across all years, grizzly bear use 

was proportionately higher in the Firehole-Gibbon area, as 13% (n = 84) of carcasses 

were scavenged as opposed to 2% (n = 14) on the NYWR (Green et al. 1997).  Bears 

used bison carcasses more than elk carcasses (Green et al. 1997). In the Firehole-Gibbon 

study area, probability of grizzly bear use of carcasses was positively related to increased 

distance to human facilities and negatively associated with distance to forest cover 

(Green et al. 1997).  Grizzly bears may select habitat that provides opportunities for cover 

(Blanchard 1983, Mace et al. 1996), which may play a role in grizzly bear scavenging 

behavior.  On the NYWR, probability of bear use of carcasses increased with elevation, 

decreased with the number of carcasses counted, and increased with carcass biomass 

(Green et al. 1997).  There may be temporal variability in carcass availability resulting 

from interspecific competition in the spring season (Green et al. 1997).  On the NYWR, 

where the scavenging community is particularly rich, the probability of grizzly bear use 
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of carcasses may be greatest where density of competing scavengers is lowest (i.e., at 

higher elevations), and when timing of carcass appearance on the landscape is favorable 

to bears (Green et al. 1997).   

Across all of YNP, carcass biomass, date of carcass appearance on the landscape, 

relative annual carcass abundance, elevation, distance to forest cover, distance to roads, 

distance to human facilities, and winter range (Firehole-Gibbon or NYWR) explained 

grizzly bear use of carcasses (Green et al. 1997).  After accounting for all independent 

variables, probability of bear use of carcasses was greater in the Firehole-Gibbon winter 

range than the NYWR (Green et al. 1997).  Despite the influence of roads and human 

facilities, carrion on the Firehole-Gibbon winter range may have been more desirable to 

bears due to the larger percentage of bison, closer proximity to denning areas, and less 

competitive interaction from other scavengers relative to carcass sites on the NYWR 

(Green et al. 1997).   

Of all carcasses counted using both strategic and systematic transects (n = 106), 

Engelhardt-Bergsjo et al. (2009) documented only 1 definitive instance of grizzly bear 

use of a carcass site on the GNF portion of the NYWR in 2006 (0.9%).  This number was 

contrasted with the number of carcasses used by grizzly bears that were reported from 

carcass monitoring surveys in the YNP portion of the NYWR in the 2007 IGBST Annual 

Report (24 carcasses or 33%; Engelhardt-Bergsjo et al. 2009, Podruzny and Gunther 

2007).  In 2006, 77% of adult elk carcasses on the GNF had missing antlers or ivory 

teeth, indicating substantial human activity associated with carcasses across the GNF 

portion of the NYWR (Engelhardt-Bergsjo et al. 2009). 
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There are numerous studies indicating displacement and avoidance of habitat near 

roads or areas in close proximity to human development (Archibald et al. 1987, Mattson 

et al. 1987, McLellan and Shackleton 1988, Kasworm and Manley 1990, Mace et al. 

1996, Green et al. 1997, Gibeau et al. 2002, Waller and Servheen 2005).  Along carcass 

survey routes in YNP, grizzly bear tracks were documented in higher densities (relative 

to what would be expected at random) greater than 0.4 km from roads in the Firehole-

Gibbon winter range and greater than 1 km from roads on the NYWR (Green et al. 1997). 

Coleman (2012) showed that Bear Management Areas in YNP (i.e., closure areas), which 

occur throughout the NYWR in the national park, indicate that human access closure 

areas are effective at reducing encounters between grizzly bears and humans, and that 

bears typically avoid areas with human activity.   

Carcass Monitoring Methods.  Monitoring protocols for key food resources in the 

Final Conservation Strategy for the Grizzly Bear in the Greater Yellowstone Area may be 

updated or revised when scientists and managers find it necessary (USFWS 2007a).  The 

NYWR strategic carcass surveys may not be adequate for addressing the original carcass 

monitoring objectives outlined in the 1997 IGBST annual report (Haroldson et al. 1998, 

Cherry 2007).  The intention behind key foods monitoring is to gain an understanding of 

food resource availability on an annual basis.  Transect length is insufficient to yield 

adequate precision in estimating carcass densities, which would be needed to estimate 

carcass availability to bears and the relationship between the currently reported annual 

index (carcasses per km of survey effort) and carcass availability (Cherry 2007).  
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Methodology associated with all three monitoring protocols (strategic transects, GNF 

systematic transects, and NYCWWG aerial counts) is not adequate to address the issue of 

imperfect detection of carcasses by the observer (Cherry 2007). 

The strategic monitoring surveys are opportunistically placed transects, primarily 

in drainage bottoms and known ungulate migration corridors; the protocol is aimed at 

maximizing the number of carcasses encountered by surveyors (D. Tyers 2014, personal 

communication).  The strategic monitoring protocol is more time and cost effective than 

the systematic monitoring protocol, which was implemented on the GNF in 2006, 2008, 

and 2009 (D. Tyers USFS, 2014 personal communication).  The systematic monitoring 

scheme was an intensive effort, comprised of a system of parallel line transects covering 

each of the monitoring areas on the GNF.  Aerial carcass counts, which are conducted 

annually by the NYCWWG in the GNF monitoring area, are the most time efficient of 

the three methods, but also the most costly (D. Tyers USFS, 2014 personal 

communication).  Evidence suggests that aerial surveys used to estimate population sizes 

yield underestimates (Houston 1978, Clancy et al. 1997, Jachmann 2002).  This could be 

attributable to bias associated with changes in sightability among different land-cover 

types and conditions specific to each flight (Caughley 1974, Pollock and Kendall 1987).  

Perhaps similar biases hold true for aerial carcass surveys, in which case the trade-offs of 

less time input, greater cost, and potential underestimates of carcass abundance must be 

weighed by managers. 

Managers are in need of an evaluation of the effectiveness of monitoring protocol 

relative to each other.  Current monitoring protocols are not adequate for estimating 
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carcass densities and thus availability to bears.  It is possible that the monitoring protocol 

that maximizes carcass detection rates (relative to other methods) could yield a useful 

index of relative carcass abundance across years when implemented over the long-term; a 

comparison of detection rates among method types is therefore warranted.  However, the 

potential biases introduced by current methods must be weighed by managers.  

Population level inferences regarding carcass availability on the NYWR are only possible 

if carcass surveys occur on randomly placed transects. 

 When the systematic carcass surveys were first implemented in 2006, Engelhardt-

Bergsjo et al. (2009) compared carcass detection rates between the systematic and 

strategic surveys.  Carcasses counted per kilometer of survey effort were greater on the 

strategic surveys relative to the systematic surveys (Engelhardt-Bergsjo et al. 2009).   

 

Study Justification 

 In the present study, we used all strategic transect carcass monitoring data from 

both management jurisdictions of the NYWR to provide an update on carcass dynamics 

on the NYWR during 1997–2012, and to assess factors associated with grizzly bear use 

of carcasses.  Strategic carcass monitoring data from the YNP interior were not included 

in the present study.  We also used systematic transect carcass monitoring data to 

compare carcass detection rates with the strategic transect protocol in 2006, 2008, and 

2009.   Table1 illustrates data used in this study in relation to previous work.  
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Table 1: Carcass monitoring efforts and research to date, Greater Yellowstone 

Ecosystem, 1985–2016.  The efforts highlighted in grey are data sources for the present 

study, although years used in analyses do not necessarily align with all years in which the 

effort was implemented (see Methods). 

Implementation 

Years: 

GNF 

Years: 

YNP Survey type 

Green et al. (1997) NA 

1985-

1990 

Strategic 

transects 

Northern Yellowstone Winter Range monitoring: 

documented in Conservation Strategy 

1989–

2012 

1997-

2016 

Strategic 

transects 

Yellowstone National Park interior monitoring: 

documented in Conservation Strategy NA 

1992-

2016 

Strategic 

transects 

Engelhardt-Bergsjo et al. (2009) 2006 NA 

Systematic 

transects 

Additional monitoring 

2008–

2009 NA 

Systematic 

transects 

Northern Yellowstone Cooperative Wildlife 

Working Group 

1989 – 

2016 NA Aerial counts 

The long-term monitoring data provide a unique opportunity to examine dynamics 

of carrion availability on the NYWR; the time period encompasses 10 more years than 

that used by Green et al. (1997).  The present study provides an addition to the current 

knowledge of grizzly bear use of carcasses through the use of a long-term dataset that 

encompasses monitoring protocol on the GNF; current knowledge of grizzly bear use of 

carcasses has been limited to those within the YNP boundary.  Given the importance of 

factors indicative of human activity in predicting bear use of carcasses in YNP (Green et 

al. 1997), the opportunity for comparison of bear scavenging among differing 

management jurisdictions, where spring human activity levels may differ (Engelhardt-

Bergsjo et al. 2009), can provide insights to managers.  National Forest lands are 

managed as multi-use landscapes, and the GNF portion of the NYWR is characterized by 

relatively high human activity in the spring, often associated with antler collection.  
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Antler collection is a lucrative hobby and draws many people to ungulate wintering 

ranges in the GYE in the spring.  Conversely, YNP is characterized by exclusive 

jurisdiction, where antler collection is prohibited and bear management area closures 

restrict human recreational use in important bear foraging areas. 

While Green et al. (1997) found that grizzly bears selected for carcasses on the 

Firehole-Gibbon winter range, and that competition with other scavengers seemed to 

constrain grizzly bear use of carcasses on the NYWR, conditions on the NYWR may 

have changed since 1990. Carcass monitoring data from YNP (including monitoring data 

from interior areas that were not used in this study) published in recent IGBST annual 

reports indicate that carrion resources may have shifted from the park interior to the 

NYWR over time (Gunther and Wyman 2015). This pattern is consistent with increased 

bison herd sizes on the NYWR, and increased ungulate migrations to the North (Bjornlie 

and Garrott 2001, Bruggeman et al 2009).  Ungulate population distributions and 

demographics may have changed since the period Green et al. (1997) studied grizzly bear 

use of carcasses, warranting an analysis encompassing the entire NYWR.  With a better 

understanding of how human activity and other environmental characteristics relate to 

grizzly bear use of an important seasonal food resource based on long-term monitoring 

data, potential human conflicts may be mitigated and foraging opportunities for grizzly 

bears may be enhanced. 

Following the 2006 comparison of carcass detection rates (carcasses/km) on the 

GNF strategic and systematic transects (Engelhardt-Bergsjo et al. 2009), the systematic 

transects were implemented on the GNF for two additional years (2008 and 2009).  In the 
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present study, we compared carcass detection rates across all three years of data. 

Comparisons of carcass monitoring protocol can provide contributions to a review of the 

habitat monitoring requirements outlined in the Conservation Strategy for the Grizzly 

bear in the Greater Yellowstone Area (USFWS 2007a).  Additionally, managers in other 

National Forests of the GYE may be interested in ways to effectively monitor spring 

ungulate carcasses on winter ranges in order to enhance management of grizzly bear 

habitat. 

Objectives 

1) Summarize and qualitatively assess carcass counts, evidence of dominant carnivores at

carcass sites (grizzly bears, wolves, and mountain lions [Puma concolor]), and carcass 

species composition from long-term carcass monitoring data on the Northern 

Yellowstone Winter Range. 

2) Assess long-term grizzly bear use of carcasses on the Northern Yellowstone Winter

Range and compare grizzly bear use of carcasses between the GNF and YNP portions of 

the NYWR. 

Research question: Is there a difference in grizzly bear use of carcasses between 

the two management jurisdictions of the NYWR, and what are the environmental 

correlates of grizzly bear use? 

Hypothesis:  The probability of grizzly bear use of carcasses differs between the 

GNF and YNP portions of the NYWR, accounting for landscape characteristics 

that differ between the two management jurisdictions. 
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3) Compare carcass detection rates for the systematic and strategic monitoring protocol

on the GNF. 

Research question: Is there a difference in carcass detection rates for years in 

which  the systematic and strategic monitoring protocols were implemented on 

the GNF (2006, 2008, and 2009)? 

Hypothesis:  For all three years, carcass detection rates differ between the  

strategic and systematic transects.   

Materials and Methods 

Study Area: 

The monitoring data used in the present study covered much of the NYWR.  The 

NYWR (Figure 1) spans the Northwest portion of YNP in southwestern Montana.  The 

GNF portion of the range is the area of elk winter range situated directly north of YNP 

(45°2’13’’N, 110°45’50’’W).  The GNF portion of the NYWR has an average elevation 

of ~1,600 m and represents the lowest portion of the NYWR (Dirks and Martner 1982). 

The NYWR, especially on the GNF, is characterized by warmer, drier winters 

than much of the Greater Yellowstone Ecosystem (Grimm 1939, Houston 1982).  

Average annual precipitation of the area averages 24 cm on the GNF (Coughenour and 

Singer 1996). Cold air inversions on the GNF portion of the NYWR are relatively 

common during the winter months (Dirks and Martner 1982).  The average annual 

temperature of the NYWR is 1.8 °C (Houston 1982).   
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 Figure 1: The Northern Yellowstone Winter Range spans the northern portion of 

Yellowstone National Park across the park boundary into the Gallatin National Forest, 

bordered by the Absaroka-Beartooth wilderness to the north and east. Data sources: 

Montana Spatial Data Infrastructure, YNP, GNF, National Elevation Dataset, National 

Hydrography Dataset.   

Vegetation in the GNF area is characterized by semi-arid grasslands and 

sagebrush steppe at low elevations (Grimm 1939, Houston 1982).  The major plant 

species of the GNF portion are Idaho fescue (Festuca idahoensis), big sagebrush 

(Artemisia tridentata), and blue-bunch wheatgrass (Pseudoroegneria spicata; Houston 

1982).  Small coniferous stands are interspersed throughout the landscape of the study 

area, mainly occurring at higher elevations as Douglas fir (Pseudotsuga menziesii) and 

Lodgepole pine (Pinus contorta) stands (Houston 1982).   

While relatively warm and dry compared to other portions of YNP, the portion of 

the NYWR south of Gardiner and within YNP is somewhat cooler and moister than the 

Gallatin National Forest 

Yellowstone National Park 
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GNF area (Houston 1982).  Annual precipitation on the YNP area of the NYWR varies 

from 30 cm to 100 cm in the highest elevation areas of the range (Houston 1982).  The 

vegetation of the YNP area of the NYWR is similar to that of the GNF in lower elevation 

areas, and transitions to continuous forests at the highest elevations (Houston 1982). 

Ungulate populations, such as the Northern Yellowstone Elk Herd, migrate from 

summer ranges at higher elevations to the dry, low-elevation areas of the NYWR to 

maximize grazing opportunities throughout the winter (Grimm 1939, Houston 1982, 

Pearson et al. 1995).  Even in these dry and relatively mild ungulate winter ranges, 

mortality of starving elk, deer, and bison, weakened from the winter months, provides an 

important food resource for many carnivorous species (Houston 1978), including grizzly 

bears (Green et al. 1997). 

Field Methods 

Strategic Transects.  In total, 23 strategic transects occur on the NYWR (Figure 

2). Eleven strategic carcass survey routes were established on the GNF in 1989.  Twelve 

strategic carcass surveys were established in YNP in 1997.  Field observations indicate 

that mortality locations of ungulates on the NYWR often occur in drainage bottoms (D. 

Tyers 2014, personal communication).  Thus, survey routes were established primarily in 

drainages or known ungulate migration corridors of the NYWR in order to maximize the 

number of carcasses encountered.  Given the local knowledge that informed the 

establishment of the transects, I believe the survey routes are representative of areas 

where ungulates tend to die on the NYWR.  Survey routes averaged 11.95 km.  The 
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survey routes were traveled each spring during March–early June.  Field crews 

documented winter- or predator-killed ungulate carcasses within sight of the survey 

routes.  At each carcass site, crews recorded location coordinates, species, sex, and age 

class of the ungulate, and evidence of scavenging activity.  Characteristic consumption 

patterns were used to identify bear scavenging at carcass sites.  Bears will invert carcass 

hides (D. Tyers 2014; K. Gunther YNP 2015, personal communication) and this unique 

pattern likely resulted in a high correct classification of bear use.  Crews also identified 

activities of bears and other scavenging species activity through presence of tracks, scat, 

or hair.  In cases where hair could not be located, differentiation between black and 

grizzly bears was not possible.  The GNF transects were revisited 1–5 times throughout 

the spring season to monitor consumption rates at carcass sites.  Evidence of human 

activity at mature elk carcasses (e.g., antler or ivory teeth removal) was also recorded on 

the GNF transects.  Carcasses were not revisited after the initial visit in YNP, and 

evidence of human activity at carcass sites was not recorded.  



27 

Figure 2: The purple lines represent the spatial distribution of the strategic monitoring 

surveys across the Northern Yellowstone Winter Range.  Data sources: Montana Spatial 

Data Infrastructure, Yellowstone National Park, Gallatin National Forest, National 

Elevation Dataset.   

Systematic Transects.  Engelhardt-Bergsjo (2008) conducted a systematic survey 

of winter- and- predator-killed ungulates throughout the GNF portion of the NYWR 

during the spring of 2006, and the protocol was subsequently repeated in 2008 and 2009.  

The survey involved a system of 103 parallel transects approximately 200 m apart, 

covering 15 drainages of the GNF (Engelhardt-Bergsjo 2008; Figure 3).  The total 

transect length was 196 km.  Surveys coincided with the peak in spring carrion 

availability in mid-April (Green et al. 1997, Engelhardt-Bergsjo 2008), but occurred 

throughout the spring season.  At each carcass site, location coordinates, species of 

ungulate, cause of death, site characteristics, and evidence of scavenging was recorded. 

Gallatin National Forest 

Yellowstone National Park 
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Figure 3: Locations of systematic carcass transects on the Gallatin National Forest 

portion of the Northern Yellowstone Winter Range, 2006, 2008, and 2009.  Map created 

by Heidi Engelhardt-Bergsjo. 

Summaries and Analyses 

Objective 1: Carcass Monitoring Update.  The purpose of objective 1 was to 

summarize monitoring data across the NYWR during the years in which all carcass 

monitoring routes were traveled (1997–2012).  I omitted some years of monitoring data 

Gallatin National Forest 

Yellowstone National Park 
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(see Table 1), because 1997–2012 was the subset of years in which all strategic 

monitoring surveys across the entire NYWR were conducted.  Carcass monitoring 

information was summarized for each survey route in each year of sampling, and 

averaged across all survey routes for each year.  Carcass monitoring protocol summaries 

included carcass counts, evidence of dominant carnivores at carcass sites (grizzly bears, 

wolves, and mountain lions), and species/age class composition of carcasses.   

Objective 2: Grizzly Bear Use of Carcasses on the GNF and in YNP.  I used 

1997–2012 NYWR monitoring data in order to test for differences in grizzly bear use of 

carcasses between the two management jurisdictions (GNF and YNP).  As before, I 

omitted other years of monitoring data (see Table 1) because 1997–2012 was the subset 

of years in which both GNF and YNP strategic transect surveys were conducted.  I 

eliminated definitive black bear uses (~20% of all uses).  Given that definitive grizzly 

bear use was documented for ~38% of all carcasses, I assumed that the majority of 

unknown bear uses were likely grizzly bears.  I summarized all monitoring data for each 

transect in each year to be used as the experimental unit (‘transect year’).  In combining 

all years of data, I assumed that grizzly bear use of carcasses was independent across 

years.  This assumption may be valid given the highly opportunistic foraging strategy of 

grizzly bears (Gunther et al. 2014); the same bear may not necessarily return to the same 

transect year after year.  I used the last observation for each sampling unit (i.e., ‘transect 

year’) on the GNF, because the last sampling date for transects on the GNF tended to be 

most similar to the only sampling date in YNP.  Whereas the multi-visit surveys on the 
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GNF could yield more detected carcasses and thus a higher probability of documenting 

bear use, this potential source of bias was reduced by summarizing bear use at the 

transect level.  One YNP transect was completely eliminated from the dataset, as closures 

due to wolf denning activity restricted survey completion to 4 out of all years of 

monitoring.     

I used two methods to assess differences in grizzly bear use of carcasses between 

the GNF and YNP portions of the NYWR.  For the first method, I did not control for 

differences in landscape characteristics between the two management jurisdictions and 

simply conducted a series of tests to compare: 1) differences in the proportion of 

carcasses used by grizzly bears between the GNF and YNP, 2) differences in the number 

of carcasses used by grizzly bears per kilometer of survey between the GNF and YNP 

(i.e., controlling for transect length), and 3) grizzly bear use of carcasses as a binary 

response variable with management jurisdiction (GNF vs. YNP) as the only explanatory 

variable.  For the jurisdictional comparisons of both proportion of carcasses used by bears 

and number used per kilometer (tests 1 and 2), exploratory analyses revealed non-normal, 

zero inflated distributions for both response variables in both management jurisdictions. 

Therefore, I chose a non-parametric method for comparing two independent samples and 

used a Wilcoxon rank sum test (Mann-Whitney U-test) corrected for continuity.  For test 

3, I used a simple logistic regression to estimate the probability of grizzly bear use of 

carcasses as a function of management jurisdiction.  I used Akaike’s Information 

Criterion adjusted for a finite sample size (AICc) to evaluate support relative to a null 



31 

model.  I also used a likelihood ratio test to compare the management effect hypothesis to 

a null hypothesis. 

The justification for comparing grizzly bear use of carcasses between 

management jurisdictions is the hypothesis that human activity, which likely differed 

between the two management jurisdictions, could play a role in grizzly bear scavenging 

behavior.  Therefore, I also summarized data related to direct evidence of human activity 

on the GNF (i.e., removal of antlers/ivory teeth from mature elk carcasses).  These data 

were not collected on YNP carcass surveys so I obtained an estimate of the metric from 

YNP bear management personnel.  Roads serve as conduits for human use of a landscape 

so I compared road densities between the GNF and YNP portions of the NYWR using a 

Welch’s two sample t-test, assuming unequal variances. 

Given the importance of factors indicative of competition from other carnivorous 

species in driving grizzly bear use of carcasses on the YNP portion of the NYWR (Green 

et al. 1997), I summarized data for wolf activity at carcass sites across the two 

management jurisdictions, in order to qualitatively assess differences in wolf use of 

carcasses across the NYWR over time, in relation to differences in grizzly bear use.  I did 

not compare proportions of carcasses used by wolves across transects between the GNF 

and YNP.  Green et al. (1997) found that timing of carcass appearance on the landscape 

played a role in grizzly bear use of carcasses (i.e., due to competition among scavengers 

carcasses in early spring may not be available anymore to bears emerging from their 

dens).  It was not possible to assess this factor on the YNP portion of the NYWR because 

carcass sites were only visited once.  However, the multi-visit structure of the GNF 
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carcass surveys allowed for a summary of the proportion of carcasses used by grizzly 

bears on a monthly basis to identify temporal patterns in carcass use by grizzly bears.  

I used a multiple logistic regression modeling framework to estimate the 

probability of grizzly bear use on the NYWR and environmental correlates of use.  This 

technique allowed me to account for differences in landscape characteristics between the 

GNF and YNP as well as sampling effects. As before, each transect in a given year was 

used as the sample unit.  I quantified grizzly bear use as a binary response variable at the 

level of each transect, in order to capture a scale most relevant to the broad scales in 

which grizzly bears perceive a landscape (Bjornlie et al. 2014a, Bjornlie et al. 2014b), 

while simultaneously reducing spatial autocorrelation due to bear use of multiple carcass 

sites.   Due to zero inflation of the data, it was not feasible to use the proportion of 

carcasses used by bears on each transect as the response variable.  I recognize that the 

large movement rates of grizzly bears could yield spatial autocorrelation in bear use at 

broad spatial scales. However an assessment of full model residual plots against 

geographic coordinates revealed no strong clustering patterns (Appendix A, Figures 1 and 

2).  Furthermore, four GNF transects were eliminated from the dataset (only for the 

modeling of bear use of carcasses) due to spatial dependence in bear use among 5 

transects in the immediate vicinity of Gardiner, Montana.  These transects were not 

separated by major geographic features and rested in close proximity to one another. I 

kept the transect that covered the most distance across this area for analysis. 

Additional data to be used as covariates (road density, digital elevation models, 

distance to forest edge habitat, spatially and temporally explicit grizzly bear density 
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indices) were obtained using ArcMap 10.3 Geographic Information System (GIS) 

software (ESRI 2011).   I obtained spatial data through the Montana Spatial Data 

Infrastructure (MSDI), National Elevation Dataset, Interagency Grizzly Bear Study 

Team, and Yellowstone National Park.  All data sets were projected to a Universal 

Transverse Mercator (UTM) coordinate system (NAD 1983).  I merged MSDI and YNP 

road layers and compared the merged layer with the grizzly bear access routes layer used 

by the IGBST.  I verified the status of roads existing in the merged layer and not in the 

IGBST grizzly bear access routes layer and deleted all decommissioned roads.  In 

conjunction with the IGBST GIS specialist, I assessed roads of unknown status on private 

lands using aerial imagery and deleted roads where no footprint was visible.  Roads and 

motorized trails existing in the grizzly bear access routes layer and not in the merged 

layer were added.  Road data sources contained no attributes regarding seasonal closures. 

I calculated road densities in ArcMap based on road lengths occurring within circular 

areas surrounding each 30-m pixel in the GIS. I used 1400 m to define the radius of these 

circular areas, based up the average daily grizzly bear movement distance documented by 

Costello et al. (2014).  This search radius resulted in road density values in units of 

km/6.15 km
2
.  Elevation data were based on 30-m resolution digital elevation model

obtained from the National Elevation Dataset.  The distance to forest edge layer, obtained 

from the Interagency Grizzly Bear Study Team, indicated linear distance (km) to the 

nearest forest cover for 30-m pixels, with negative values for pixels existing within forest 

habitat. The spatially and temporally explicit index of grizzly bear density was derived 

from the work of Bjornlie et al. (2014a). I buffered each transect at several spatial extents 
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(100, 500, 1000, and 1400 m) and averaged each covariate across these buffer areas.  I 

conducted two separate analyses, using covariate values obtained within spatial extents of 

500 m (threshold distance from roads used to define secure habitat in the Final 

Conservation Strategy; USFWS 2007a) and 1400 m (average daily movement distance; 

Costello et al. 2014).  

I used multimodel-inference based on AICc (Burnham and Anderson 2002) to 

evaluate relative support for candidate models (Table 2).  Based on the findings of Green 

et al. (1997), I predicted that in addition to management jurisdiction, landscape 

characteristics such as road density, distance to forest edge, elevation, and grizzly bear 

density would be important predictors of probability of grizzly bear use of carcasses.  

Roads could be considered a metric of anthropogenic influence, whereas distance to 

forest edge would capture the proximity of cover habitat.  I hypothesized that there could 

be an interaction between road density and management jurisdiction, given the potential 

differences in road networks between YNP and the GNF.  At higher elevations, 

competition for carcasses might be less intense due to a lower density of scavenging 

species (Green et al. 1997).  Whereas Green et al. (1997) did not assess the influence of 

grizzly bear density; I hypothesized that changes in indices of grizzly bear density as a 

result of a larger, more expanded population (relative to the late 1980s) could play a role 

in grizzly bear use of carcasses.  I also predicted that sampling effects (sampling date and 

transect length) would need to be accounted for, and that using year as a fixed effect 

would provide a relative index of carcass abundance on an annual basis.  The most 

straightforward way to include the effects of carcass biomass would be to use the 
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proportion of the various ungulate species as a covariate; however this variable was 

correlated with management jurisdiction.  I determined that if a treatment effect (GNF vs 

YNP) were to be found, differences in carcass species composition, which was not 

directly accounted for, could be one of several potential explanations.  I hypothesized that 

the relationships between distance to forest edge, Julian day, and the grizzly bear density 

index and probability of grizzly bear use of carcasses might be best explained by 

quadratic or logarithmic terms. I conducted a preliminary analysis to evaluate relative 

support for a linear, quadratic, and logarithmic hypothesis for each covariate to describe 

the probability of grizzly bear use of carcasses.  Effect sizes were greatest for linear terms 

to describe distance to forest edge and the grizzly bear density index, with the exception 

of Julian date, for which a logarithmic term had the largest effect size.  A priori candidate 

models were structured surrounding the hypothesis that the probability of bear use of 

carcasses differs between management jurisdictions, even after accounting for sampling 

effects (date of sampling, transect length), annual effects, and differences in landscape 

characteristics (Table 2).   

By combining all years of data and using year as a fixed effect, I assumed that 

temporal autocorrelation in bear use of carcasses on transects was not a major factor.  The 

mobility, large home-range size, and extent of overlap among home ranges of grizzly 

bears (Bjornlie et al. 2014a, Bjornlie et al. 2014b) make carcasses on any given transect 

available to multiple bears over time, and multiple transects accessible to a single bear 

across years.   
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Table 2: Candidate models for the probability of grizzly bear use of carcasses on the 

Northern Yellowstone Winter Range, 1997–2012. 

 

Model 

number 

Model covariates 

1  ~ 1 

2  ~ log(Julian day) + transect length 

3 ~ log(Julian day) + transect length + year 

4 ~ log(Julian day) + transect length + grizzly density index 

5 ~ log(Julian day) + transect length + management 

6 ~ log(Julian day) + transect length + year + management 

7 ~ log(Julian day) + transect length + grizzly density index + management 

8 ~ log(Julian day) + transect length + year + management + road density + 

elevation + distance to forest edge 

9 ~ log(Julian day) + transect length + grizzly density index + management 

+ road density + elevation + distance to forest edge 

10 ~ log(Julian day) + transect length + year + management + road density + 

distance to forest edge 

11 ~ log(Julian day) + transect length + grizzly density index + management 

+ road density + distance to forest edge 

12 ~ log(Julian day) + transect length + year + management*road density + 

distance to forest edge 

13 ~ log(Julian day) + transect length + grizzly density index + 

management*road density + distance to forest edge 

14 ~ log(Julian day) + transect length + year + road density + distance to 

forest edge + elevation 

15 ~ log(Julian day) + transect length + grizzly density index + road density 

+ distance to forest edge + elevation 

16 ~ log(Julian day) + transect length + year + road density + distance to 

forest edge 

17 ~ log(Julian day) + transect length + grizzly density index + road density 

+ distance to forest edge 

18 ~ log(Julian day) + transect length + grizzly density index*year + 

management + road density + distance to forest edge + elevation 

19 ~ log(Julian day) + transect length + grizzly density index*year + road 

density + distance to forest edge 
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Additionally, grizzly bears have a highly opportunistic foraging strategy (Gunther et al. 

2014) and an individual bear may not necessarily return to the same transect year after 

year. 

I used Hosmer-Lemeshow and Pearson χ
2
 goodness-of-fit tests for full models.  I

assessed collinearity among variables using variance inflation factors; Zuur et al. (2007) 

defines variables with VIF higher than 3 as collinear. I assessed dispersion parameters for 

full models.  In cases of model uncertainty, I used model averaging to obtain parameter 

estimates and predicted curves.  I used ROC curves to assess discrimination (predictive 

accuracy) of final models.  ROC curves plot sensitivity (rate of true positives) versus 

specificity (rate of false positives); the area under the ROC curve delineates predictive 

accuracy.  I conducted all analyses using program R (R Core Team 2012). The 

AICcmodavg and MuMIn packages were used for model selection and averaging (Bartoń 

2013, Mazerolle 2016).  

Objective 3: Detection Rate Comparison.  Detection rate (the number of carcasses 

per kilometer of survey effort) on the systematic and strategic transects were compared 

separately for 2006, 2008, and 2009 to eliminate potentially confounding effects of year.  

Detection rates provide a standardized measure of carcass counts, allowing for a 

comparison of return on survey effort.  I treated each transect as a sampling unit.  An 

exploratory analysis of carcass detection rates revealed non-normal data.  Data 

transformations were ineffective because of the large number of zeros for transect carcass 

counts.  Therefore, I chose a non-parametric method for comparing two independent 
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samples. I made comparisons using a Wilcoxon Rank Sum test corrected for continuity in 

program R (R Core Team 2012).   

Results 

Objective 1: Carcass Monitoring Update 

Carcass Counts.  Carcass counts ranged from a low of 20 in 2004 to a high of 260 

in 1997 (Table 3).  There were pulses in counts of 260 carcasses in 1997, 123 carcasses in 

2006, 115 carcasses in 2008, and 110 carcasses in 2011.  For all years other than those in 

which pulses occurred (‘low years’), counts averaged around 31 carcasses. 

Large Carnivores.  The number of carcasses used by grizzly bears ranged from a 

low of 0 in 2001 and 2002 to a high of 27 carcasses in 1997 (Table 3).  Across all years, 

an average of 8.5 carcasses (14%) was used by grizzly bears.  The greatest number of 

carcasses used by grizzly bears coincided with the carcass pulses, with 27 (10%) in 1997, 

22 (18%) in 2006, 18 (16%) in 2008, and 22 (20%) in 2011 (Table 3).  On average, in the 

pulse years, grizzly bear scavenging was documented at 22 (16%) of carcasses.  In 

normal years, grizzly bears used 4 (13%) of detected carcasses.   

The number of carcasses used by wolves ranged from a low of 0 in 2005 to a high 

of 12 in 1997 (Table 3).  Across all years on the NYWR, an average of approximately 4 

carcasses (9%) was used by wolves (Table 3).  On average, in the ‘pulse’ years, wolf 

activity was documented at 7.5 (5%) of carcasses.  In normal years, wolves used 3 (11%) 

of detected carcasses.  
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Evidence of mountain lion activity was not recorded carcass monitoring surveys 

in YNP.  On the GNF, evidence of mountain lion activity was first detected at 0.7% of 

carcass sites in 1997 (1 of 150 carcasses; Table 3). Between 2000 and 2005, no mountain 

lion activity was detected at carcass sites on the GNF (Table 3).  From 2006 to 2012, 

mountain lion kills ranged from 3% (1 of 33 in 2008) to 25% (1 of 4 in 2012) of detected 

carcasses on the GNF (Table 3).  On average, mountain lion use was documented at 4 

(6%) of detected carcasses in ‘pulse’ years, and 0.7 (8%) of detected carcasses in ‘low’ 

years.   

Carcass Composition.  Of the ungulate carcasses counted on the NYWR during 

1997 – 2012, elk tended to comprise the greatest proportion by species (Table 4).  On 

average, over all monitoring surveys, elk comprised approximately 76% of carcasses 

counted (Table 4).  In the pulse years, an average of 113 (71%) of the carcasses were elk, 

whereas in low years, elk counts averaged 25 (77%; Table 4).  On average, bison 

comprised 2 (7%) of the total carcasses per year (Table 4).  In pulse years, bison 

comprised 3 (2%) of total carcasses per year, and in low years approximately 2 (9%) 

carcasses per year (Table 4).  The number of carcasses documented as mule deer on the 

NYWR averaged around 11 (14%) across all years, 34 (20%) in pulse years, and 3 (10%) 

in low years (Table 4). 



40 

Table 3: Carcass counts and the number/percentage of carcasses used by grizzly bears, 

wolves, and mountain lions across the Northern Yellowstone Winter Range, 1997–2012. 

Numbers in bold text reflect pulse years.  

Year Totals 

Carcasses 

Grizzly 

use 

% 

Grizzly 

Wolf 

use % Wolf 

Lion 

use
a
 % Lion

a
 

1997 260 27 10 12 5 1 0.7 

1998 34 6 18 2 6 0 0 

1999 47 3 6 5 11 3 37.5 

2000 39 2 5 5 13 0 0 

2001 25 0 0 1 4 0 0 

2002 11 0 0 3 27 0 0 

2003 36 4 11 3 8 0 0 

2004 20 2 10 4 20 0 0 

2005 18 3 17 0 0 0 0 

2006 123 22 18 5 4 6 12 

2007 50 7 14 3 6 2 11 

2008 115 18 16 6 5 1 3 

2009 57 7 12 3 5 2 18 

2010 28 10 36 4 14 0 0 

2011 110 22 20 7 6 7 10 

2012 12 3 25 2 17 1 25 

Mean all 

years (n = 16) 62 8.5 14 4 9 1 7 

Mean pulse 

years (n = 4) 152 22 16 7.5 5 4 6 

Mean low 

years (n = 12) 31 4 13 3 11 0.7 8 
a
Evidence of mountain lion activity at carcass sites was not recorded on the YNP portion 

of the NYWR; numbers are a summary of monitoring on the GNF portion of the NYWR. 
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Table 4:  Carcass counts, and the number/percentage of carcasses that were elk, bison, 

and mule deer, across the Northern Yellowstone Winter Range, 1997–2012.  Where total 

percentages do not add to 100, the remainder of carcasses were unknown or were other 

ungulate species.  Numbers in bold text reflect pulse years. 

Year Totals 

Carcasses Elk 

% 

Elk Bison % Bison Deer % Deer 

1997 260 218 84 1 0.4 38 15 

1998 34 28 82 1 3 4 12 

1999 47 44 94 0 0 3 6 

2000 39 36 92 2 5 1 3 

2001 25 20 80 1 4 3 12 

2002 11 6 55 1 9 4 36 

2003 36 30 83 1 3 4 11 

2004 20 15 75 4 20 1 5 

2005 18 14 78 4 22 0 0 

2006 123 91 74 0 0 30 24 

2007 50 36 72 0 0 13 26 

2008 115 91 79 3 3 18 16 

2009 57 44 77 4 7 6 11 

2010 28 21 75 4 14 1 4 

2011 110 52 47 7 6 50 45 

2012 12 8 67 2 17 0 0 

Mean all years (n = 16) 62 47 76 2 7 11 14 

Mean pulse years (n = 4) 152 113 71 3 2 34 20 

Mean low years (n = 12) 31 25 77 2 9 3 10 

Across all years of monitoring, 35 carcasses per year (57%) were identified as 

adults (Table 5).  In pulse years, an average of 90 carcasses (61%) was adults across, 

whereas adult carcasses averaged 17 per year in low years (55%; Table 5).  Across all 

years, yearlings averaged 5 carcasses (8%) per year (Table 5).  In pulse years, yearlings 

averaged 14 carcasses per year (9%) and in low years 2 carcasses per year (7%; Table 5).  

Calves and fawns comprised an average of 14 carcasses (20%) per year (Table 5).  In 
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pulse years, calves and fawns comprised an average of 36 carcasses (20%) per year, and 

in low years an average of 6 carcasses (20%) per year (Table 5).  

Table 5: Carcass counts and the number/percentage of carcasses in each age class 

category across the Northern Yellowstone Winter Range, 1997–2012.  Where total 

percentages do not add to 100, the age class of the remaining proportion was unknown.  

Numbers in bold text reflect pulse years. 

Year Totals 

Carcasses Adults 

% 

Adults Yearlings 

% 

Yearlings 

Calves/ 

fawns 

% 

Calves/ 

fawns 

1997 260 135 52 27 10 89 34 

1998 34 20 59 0 0 11 32 

1999 47 15 32 9 19 11 23 

2000 39 20 51 0 0 6 15 

2001 25 7 28 1 4 7 28 

2002 11 5 45 2 18 4 36 

2003 36 16 44 0 0 9 25 

2004 20 11 55 1 5 3 15 

2005 18 14 78 1 6 1 6 

2006 123 87 71 4 3 23 19 

2007 50 28 56 3 6 17 34 

2008 115 79 69 3 3 12 10 

2009 57 38 67 6 11 6 11 

2010 28 23 82 1 4 2 7 

2011 110 58 53 22 20 20 18 

2012 12 8 67 2 17 1 8 

Mean 

all 

years 

(n = 

16) 62 35 57 5 8 14 20 
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Objective 2: Grizzly Bear Use of  

Carcasses on the GNF and in YNP 

Method 1: Summary.   Over all years of monitoring, grizzly bears used an average 

of 1.5 carcasses (9%) per year on the GNF and 7 carcasses (16%) per year in YNP (Table 

6).  In pulse years, grizzly bears used an average of 4 carcasses (8%) per year on the GNF 

and 18 carcasses (25%) per year in YNP (Table 6).  In low years, grizzly bears used an 

average of 0.7 carcasses (10%) per year on the GNF and 3 carcasses (13%) per year in 

YNP (Table 6). Appendix B, Table 1 provides carcass counts and the proportion of 

carcasses used by grizzly bears across all years on the GNF and YNP. 

When standardizing grizzly bear use of carcasses by kilometers of survey effort in 

each management jurisdiction, bear use averaged 0.03 carcasses/km across all years on 

the GNF and 0.05 carcasses/km across all years in YNP (Table 6).  Across pulse years, 

grizzly bears used an average of 0.06 carcasses/km on the GNF and 0.12 carcasses/km in 

YNP (Table 6).  Across low years, grizzly bears used an average of 0.02 carcasses/km on 

both the GNF and YNP (Table 6).  Appendix B, Table 2 provides the average number of 

Table 5 Continued: 

Mean 

pulse 

years 

(n = 

4) 152 90 61 14 9 36 20 

Mean 

low 

years 

(n = 

12) 31 17 55 2 7 6.5 20 
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carcasses counted per kilometer of survey effort, and the number of carcasses used by 

grizzly bears per kilometer, across all years on the GNF and YNP. 

Table 6:  The average number of carcasses and number/percentage used by grizzly bears 

on the Gallatin National Forest and in Yellowstone National Park across all years, ‘pulse’ 

years, and low years, as well as the average number of carcasses used by grizzly bears per 

kilometer derived from transect averages in a given year on the two management 

jurisdictions. 

Gallatin National Forest Yellowstone National Park 

Carcasses Used % used Used/km Carcasses Used % used Used/km 

Mean 24 1.5 9 0.03 38 7 16 0.05 

Mean 

Pulse 76 4 8 0.06 76 18 25.5 0.12 

Mean 

Low 7 0.7 10 0.02 25 3 13 0.02 

Method 1: Two Sample Comparisons.  The transect level proportions of carcasses 

used by grizzly bears across all years were rank ordered, and the Wilcoxon rank sum test 

did not provide evidence of difference in rank sums between the GNF and YNP (W = 

4489.5, P = 0.053; Table 7).  The difference in rank sums between the GNF and YNP 

was -0.000086, however the 95% confidence interval overlapped zero (-0.00002 to 

0.00005).  When testing transect level bear use proportions in pulse years only, test 

results indicated a difference in rank sums between the GNF and YNP (W = 504.5, P = 

0.010; Table 7).  The difference in rank sums between the GNF and YNP was -0.0000027 

(95% CI  -0.22 to -0.00004).  When examining only the low carcass count years, there 

was no evidence of a difference in rank sums between the GNF and YNP (W = 1831.5, P 
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= 0.470; Table 7).  The difference in rank sums between the GNF and YNP was -0.00002 

with a 95% confidence interval of -0.00006 to 0.00007.   

The number of carcasses used by grizzly bears per kilometer of survey effort on a 

given transect in a given year were rank ordered and indicated weak evidence of a 

difference (W = 4550.5, P = 0.080; Table 7) with a difference in rank sums of -0.000002 

but a 95% confidence interval that overlapped zero (-0.000006 to 0.000001).  When 

examining only the pulse carcass count years, results indicated a difference in rank sums 

between the GNF and YNP (W = 525, P = 0.018; Table 7).  The difference in rank sums 

between the GNF and YNP was -0.00003 (95% CI = -0.077 to -0.000034).   When 

examining only the low carcass count years, there was no evidence of a difference in rank 

sums between the GNF and YNP (W = 1852.5, P = 0.550; Table 7).  The difference in 

rank sums between the GNF and YNP was -0.000025 with a 95% confidence interval that 

overlapped zero (-0.000001 to 0.000041).   

There was strong support for the model of grizzly bear use of carcasses regressed 

on management jurisdiction across all years, relative to the null model (∆AICc = 20.68). I 

found evidence of model fit relative to the null model (χ
2
 = 22.72, 1 df, P <0.001).

Results indicated that the odds of grizzly bears using carcasses in a given ‘transect year’ 

increased approximately 7 times in YNP relative to the GNF (95% CI = 2.93 to 21.20, 

215 df, P < 0.001; Table 8).  There was strong support for the model of grizzly bear use 

of carcasses regressed on management jurisdiction across pulse years, relative to the null 

model (∆AICc = 17.94).  Evidence indicated model fit relative to the null model (χ
2
 =

20.04, 1 df, P <0.001). 
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Table 7:  The average annual percentages of carcasses used by grizzly bears on the 

Gallatin National Forest and Yellowstone National Park, and the average number of 

carcasses used by grizzly bears per kilometer derived from transect averages in a given 

year on the two management jurisdictions, Northern Yellowstone Winter Range, 1997–

2012.   

Response 

Gallatin National 

Forest 

Yellowstone National 

Park 

P-value:

Wilcoxon

rank 

sum test 

% used by grizzly 

bears 

     Mean 9 16 0.053 

     Mean pulse years 8 25.5 0.010 

     Mean low years 10 13 0.470 

Used by grizzly 

bears/km 

     Mean 0.03 0.05 0.080 

     Mean pulse years 0.06 0.12 0.018 

     Mean low years 0.02 0.02 0.550 

Results indicated that among pulse years, the odds of grizzly bears using carcasses in a 

given ‘transect year’ increased approximately 13 times in YNP relative to the GNF (95% 

CI = 3.78 to 57.87, 76 df, P < 0.001; Table 8).  There was support for the model of 

grizzly bear use of carcasses regressed on management jurisdiction across low years, 

relative to the null model (∆AICc = 6.56, AICcⱳi = 0.96).   I found evidence of model fit 

relative to the null model (χ
2
 = 8.62, 1 df, P <0.01).  Among the low years, the odds of

grizzly bear using carcasses in a given ‘transect year’ increased approximately 6 times in 

YNP relative to the GNF (95% CI = 1.71 to 39.61, 137 df, P = 0.020; Table 8).  In 

general, confidence intervals were wide and precision of estimates was low.  None of the 

three method 1 comparisons of grizzly bear carcass use between the GNF and YNP 

accounted for confounding factors (e.g. differing landscape characteristics, or sampling 
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effects); therefore differences cannot be attributed to management jurisdiction as a causal 

mechanism. 

Table 8: Parameter estimates for a simple logistic regression model of grizzly bear 

carcass use (binary) as a function of management jurisdiction, in all years, pulse years 

only, and low years only, on the Northern Yellowstone Winter Range, 1997–2012.   

Years Parameter: management (YNP relative to GNF) 

β Std. error z value P value df 

All 1.9582 0.4953 3.954 <0.001 215 

Pulse 2.531 0.6754 3.747 <0.001 76 

Low 1.8192 0.7618 2.388 0.017 137 

Human Activity.  Across all years, approximately 80% of adult elk carcasses on 

the GNF contained direct evidence of human activity (i.e., removal of antlers and ivories) 

at the carcass site (Table 9).  These data were not recorded on the YNP portion of the 

NYWR, however Kerry Gunther (YNP bear management), who oversaw all years of 

YNP carcass monitoring, estimates that no more than 1% of carcasses in YNP had 

evidence of human contact (Table 9).  Results of a Welch’s two sample t-test comparison 

of road densities across the GNF and YNP transect areas indicated strong evidence of a 

difference in mean road density between the two management jurisdictions (t = 18.21, 

161.41 df, P < 0.001; Figure 4).   
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Table 9: The number of adult elk carcasses with evidence of direct human contact 

(antler/ivory teeth removal) on the Gallatin National Forest portion of the Northern 

Yellowstone Winter Range, and average road densities within 1400 m (average daily 

grizzly bear movement distance; equivalent to an area of 6.15 km
2
) of transects on both

management jurisdictions, 1997–2012.  

Human Influence 

Gallatin National 

Forest 

Yellowstone 

National Park 

P value: Welch’s t 

test  

Total human contact 80% 1%
a
 NA 

Average road density 1.2 km/6.15 km
2
 0.33 km/6.15 km

2
<0.001 

SE (road density) 0.05 0.03 ------- 
a
Direct human contact was not formally recorded in the park, but was estimated by 

Yellowstone National Park bear management to be around 1% of carcasses across all 

years of surveys. 

Figure 4:  Road density values (km/6.15 km
2
) across the Northern Yellowstone Winter

Range.  Darker values indicate higher road densities.  The yellow line represents the 

Yellowstone National Park boundary.  Data Sources: Montana Spatial Data 

Infrastructure, Interagency Grizzly Bear Study Team, Yellowstone National Park, 

National Elevation Dataset. 

Gallatin National Forest 

Yellowstone National Park 
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Indicators of Competition for Carcasses: Data Summaries.  Within the GNF, wolf 

activity was first detected at carcasses in 2002, when 3 of 4 detected carcasses (75%) had 

evidence of wolf use (Table 10).  In 2004, evidence of wolf activity was documented at 4 

of 4 carcasses (100%) on the GNF.  From 2006 to 2011, 1–3 carcasses (4–50%) were 

used by wolves per year on the GNF portion of the NYWR (Table 10).  In YNP, wolf 

activity at carcass sites was detected in the first year of NYWR monitoring (1997); 12 

(11%) of the carcasses detected had evidence of wolf use.  In the years where wolf 

activity was first detected on the GNF (2002 and 2004), there was no evidence of wolf 

activity at carcass sites in YNP monitoring.  No carcasses were used by grizzly bears on 

the GNF in 2004, when the highest proportion of carcasses used by wolves was 

documented on this portion of the NYWR (Table 10; Appendix B, Figure 1).  In the only 

years where no carcasses were documented as used by grizzly bears in YNP (2001 and 

2002), wolf use of carcasses was also low as well (1 of 23 and 0 of 7, respectively; Tables 

10 and B1). 

Of all carcasses used by grizzly bears on the GNF during 1997–2012, use was 

first detected in early April for 40.7% of those carcasses (Table 11).  By the end of April 

(during the multi-visit survey period on the GNF), grizzly bear use had been detected in 

70.4% of all used carcasses (Table 11).  The majority of grizzly bear use of carcasses 

occurred during April or earlier. 
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Table 10: Number of carcasses and number/percentage used by wolves on the Gallatin 

National Forest and Yellowstone National Park portions of the Northern Yellowstone 

Winter Range, 1997–2012. 

Year Gallatin National Forest Yellowstone National Park 

Carcasses Wolf use % used Carcasses Wolf use % used 

1997 150 0 0 110 12 11 

1998 6 0 0 28 2 7 

1999 8 0 0 39 5 13 

2000 1 0 0 38 5 13 

2001 2 0 0 23 1 4 

2002 4 3 75 7 0 0 

2003 12 0 0 24 3 12.5 

2004 4 4 100 16 0 0 

2005 4 0 0 14 0 0 

2006 53 2 4 70 3 4 

2007 18 1 6 32 2 6 

2008 33 3 9 82 3 4 

2009 12 1 8 45 2 4 

2010 6 3 50 22 1 5 

2011 67 1 1.5 43 6 14 

2012 4 0 0 8 2 25 

Mean 24 1 16 38 3 8 

Table 11: The total number of carcasses used by grizzly bears and the proportion of all 

carcasses used by grizzly bears that had been detected by 2-week time periods throughout 

the spring season on the Gallatin National Forest (GNF) across all years, 1997–2012. 

Grizzly bear 

carcass use: 

GNF 

Early 

March 

Late 

March 

Early 

April 

Late 

April 

Early 

May 

Late 

May 

Count 0 2 11 6 7 1 

Percentage 0 7.4 40.74 22.2 25.93 3.7 
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Method 2: Modeling Grizzly Bear Use (Covariate Values).   The average distance 

to forest edge was 0.12 km on the GNF and 0.13 km in YNP at the 500-m spatial extent 

(Table 12).  At the 1400-m spatial extent, average distance to forest edge was 0.18 km on 

the GNF and 0.13 km in YNP (Table 12).  Average road densities were 1.0 km/6.15 km
2

on the GNF and 0.30 km/6.15 km
2
 in YNP at the 500-m spatial extent (Table 12).  At

1400-m, road densities averaged 1.2 km/6.15 km
2
 and 0.33 km/6.15 km

2
, respectively

(Table 12).  Average elevations were 1862 m on the GNF and 1995 m in YNP at 500-m 

and 1921 (GNF) and 2023 (YNP) at the 1400-m spatial extent (Table 12).  The grizzly 

bear density index averaged 7.09 at 500-m and 7.07 at 1400-m on the GNF and 15.38 at 

500-m and 15.42 at 1400-m in YNP (Table 12).

Table 12: Average covariate values by management jurisdiction, Northern Yellowstone 

Winter Range.  Grizzly bear density indices are averaged across all years, 1997–2012. 

Covariate (spatial extent 

of measurement) 

Gallatin 

National 

Forest 

Standard 

Error 

(GNF) 

Yellowstone 

National Park 

Standard 

Error 

(YNP) 

Distance to forest edge (500 

m) 

0.12 km 0.01 0.13 km 0.01 

Distance to forest edge 

(1400 m) 

0.18 km 0.02 0.13 km 0.01 

Road density (500 m) 1.0 km/6.15 

km
2

0.05 0.30 km/6.15 

km
2

0.02 

Road density (1400 m) 1.2 km/6.15 

km
2

0.05 0.33 km/6.15 

km
2

0.03 

Elevation (500 m) 1862 m 12.39 1995 m 11.46 

Elevation (1400 m) 1921 m 11.67 2023 m 10.31 

Grizzly density index (500 

m) 

7.09 0.48 15.38 0.38 

Grizzly density index (1400 

m) 

7.07 0.46 15.42 0.37 
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Method 2: Modeling Grizzly Bear Use (500-m Spatial Extent). The Hosmer-

Lemeshow goodness-of-fit test indicated that the global model (containing all parameters 

from which the candidate set was derived) fit the data (χ
2
 = 10.204, 8 df, P = 0.251).  A

Pearson χ
2
 goodness-of-fit test also indicated that the model fit the data (P = 0.586).  We

did not detect multicollinearity (all variance inflation factors <3) or overdispersion 

(dispersion parameter = 0.973). We found model selection uncertainty, with 5 competing 

models within 2 ∆AICc units of one another (Table 13).  The model receiving the most 

support (AICcⱳi = 0.20) contained transect length, year, road density, and distance to 

forest edge, and a logarithmic term for Julian date of sampling.  All top models contained 

some combination of these terms, with the exception of two models that contained terms 

for the grizzly bear density index rather than year.  Parameter importance weights for all 

models indicated strong support for road density (ⱳi = 0.97) and distance to forest edge 

(ⱳi = 0.97) as important covariates.  Road density was the only parameter of ecological 

interest with a strong relationship to probability of grizzly bear use (β = -1.75, SE = 0.62, 

P = 0.0048 for the top model).  Based on model averaging of all competing models 

(Table 14), the odds that grizzly bears used carcasses on a given transect in a given year 

decreased by 84% for every km/6.15 km
2
 increase in road density (Figure 5; 95% CI =

35.0% to 96.0%, z = 2.556, P = 0.010).  I found some support for models including 

elevation and management jurisdiction.  However, confidence intervals overlapped zero 

and relative variable importance was low (AICc ⱳi = 0.35 and AICc ⱳi = 0.11, 

respectively).  An ROC curve for the model averaged predictions indicated the 

probability that the model correctly ranked observations was 76.5%.  Of the variables we 
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considered, road density was the only significant correlate of the probability that grizzly 

bears would scavenge carcasses in a given transect area in a given year.  

Table 13: AICc values for the 5 competing top models and the null model (500-m spatial 

extent), Northern Yellowstone Winter Range, 1997 – 2012. 

Model K AICc ∆AICc AICcⱳi Cumulative 

AICcⱳi

Log 

likelihood 

Julian day + transect length 

+ year + road density +

distance to forest edge

6 205.22 0.00 0.20 0.20 -96.38

Julian day + transect length 

+ grizzly density + road

density + distance to forest 

edge 

6 205.76 0.54 0.15 0.34 -96.65

Julian day + transect length 

+ year + road density +

distance to forest edge +

elevation 

7 206.16 0.95 0.12 0.47 -95.77

Julian day + transect length 

+ grizzly density + road

density + distance to forest 

edge + elevation 

7 206.40 1.18 0.11 0.57 -95.89

Julian day + transect length 

+ year + management +

road density + distance to

forest edge 

7 207.16 1.95 0.07 0.65 -96.27

Null 
1 230.32 25.10 0.00 ------ -114.15



54 

Table 14:  Model-averaged estimates of the five parsimonious models (500-m spatial 

extent).  Significant parameters (transect length and road density) are in bold, Northern 

Yellowstone Winter Range, 1997 – 2012. 

Model-averaged coefficients:  Estimate 

Std. 

Error 

Adjusted 

SE 

z 

value P(>|z|) 

Intercept -40.6805 65.098232 65.464053 0.621 0.5343 

log(Julian day) 1.648844 1.660013 1.67095 0.987 0.3238 

Transect length 0.072062 0.032797 0.033005 2.183 0.029 

Year 0.016547 0.033042 0.033228 0.498 0.6185 

Road density -1.82375 0.706156 0.710765 2.566 0.0103 

Distance to forest edge -2.930837 3.158921 3.180118 0.922 0.3567 

Grizzly bear density index 0.004822 0.030777 0.030974 0.156 0.8763 

Elevation -0.691456 1.368735 1.373678 0.503 0.6147 

Management: YNP relative to GNF -0.042802 0.300353 0.302065 0.142 0.8873 

Figure 5: Predicted relationships (based on model-averaged estimates of the top 5 

models) and 95% confidence intervals between the relative probability of grizzly bear use 

of carcasses and road density in Yellowstone National Park and the Gallatin National 

Forest.  All continuous variables were held constant at their means and year was held at 

the last year of sampling (2012). 
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Method 2: Modeling Grizzly Bear Use (1400-m Spatial Extent). The Hosmer-

Lemeshow goodness of fit test showed weak evidence of a lack of fit (χ
2
 = 12.51,8 df, P =

0.130).  A Pearson χ
2
 goodness-of-fit test indicated that the model fit the data (P = 0.560).

I did not detect multicollinearity (all variance inflation factors <3) or overdispersion 

(dispersion parameter = 0.980).  Three competing models were considered parsimonious 

(Table 15).  The model receiving the most support (AICc ⱳi = 0.24) contained terms for 

transect length, the grizzly bear density index, road density, distance to forest edge, 

elevation, and a logarithmic term for Julian date of sampling.  All 3 top models contained 

some combination of these terms, and 2 out of 3 top models contained a term for year 

rather than the grizzly bear density index.  Parameter weights of all models indicated 

strong support for road density (ⱳi = 0.94), distance to forest edge (ⱳi = 0.94), and 

elevation (ⱳi = 0.63) as important covariates.  None of the 3 competing models contained 

a term for management jurisdiction. The confidence intervals for road density parameter 

estimates did not overlap zero in any of the 3 competing models (β = -1.4526, SE = 

0.7235, P = 0.045 for the top model).  Additionally, we found relationships between 

probability of grizzly bear use of carcasses and distance to forest edge (β = -5.0358, SE = 

2.9290, P = 0.086) and elevation (β = -0.0045, SE = 0.0022, P = 0.042) in the top model.  

Model averaging of the 3 competing models indicated that the odds of grizzly bear use of 

carcasses on a given transect in a given year decreased by 78% for every km/6.15 km
2

increase in road density (Figure 6; 95% CI = 13.8% to 86.2%, z = 2.174, P = 0.030).  

Model-averaged estimates did not indicate relationships between probability of grizzly 

bear use of carcasses and elevation, as well as distance to forest edge (Table 16).  An 
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ROC curve for the average of the 3 competing models indicated that the probability that 

the model correctly ranked observations was 77%. Similar to the 500-m spatial extent, 

results of this analysis indicated that of the variables we explored, road density was the 

strongest correlate of the probability that grizzly bears would scavenge carcasses in a 

given transect area in a given year.  Management jurisdiction did not in itself explain 

variation in grizzly bear use of carcasses. 

Table 15: AICc values for 3 competing top models (1400-m spatial extent), Northern 

Yellowstone Winter Range, 1997 – 2012. 

Model K AICc ∆AICc AICcⱳi Cumulative 

AICcⱳi

Log 

likelihood 

Julian day + transect length 

+ grizzly density + road

density + distance to forest 

edge + elevation 

7 205.85 0.00 0.24 0.24 -95.61

Julian day + transect length 

+ year + road density +

distance to forest edge +

elevation 

7 206.07 0.22 0.22 0.46 -95.72

Julian day + transect length 

+ year + road density +

distance to forest edge

6 207.41 1.56 0.11 0.57 -97.47

Null 
1 230.32 24.46 0.00 ------ -114.15
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Table 16: Model-averaged estimates of the three top models (1400-mspatial extent), 

Northern Yellowstone Winter Range, 1997 – 2012.  Significant parameters (road density) 

are in bold text. 

Model-averaged coefficients:  Estimate 

Std. 

Error 

Adjusted 

SE 

z 

value P(>|z|) 

Intercept  -32.1266 63.83253 64.19031 0.5 0.6167 

log(Julian day)   2.05545 1.69334 1.7044 1.206 0.2278 

Transect length   0.04515 0.038 0.03821 1.182 0.2374 

Grizzly density index   0.01552 0.03687 0.03706 0.419 0.6754 

Road density -1.5115 0.69095 0.69533 2.174 0.0297 

Distance to forest edge  -4.32343 2.90172 2.91995 1.481 0.1387 

Elevation   -3.41175 2.57878 2.58871 1.318 0.1875 

Year   0.01421 0.03197 0.03215 0.442 0.6586 

Figure 6: Predicted relationships (based on model-averaged estimates of the top 3 

models) and 95% confidence intervals between probability of grizzly bear use of 

carcasses and road density on the NYWR.  Continuous variables were held at their 

means, and year was held at the last year of sampling (2012). 
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Objective 3: Detection Rate Comparison 

Summary. Systematic carcass transect counts averaged 62 carcasses per year and 

strategic carcass transect counts averaged 33 carcasses per year (Table 17).  However, 

survey consistency likely affected results for 2009; communication with previous crew 

members indicated that for the systematic surveys, crew members considered skeletons 

(i.e., only bones remaining) to be carcasses when they may have been winter- or 

predator-killed ungulates from previous years.  When removing carcasses documented as 

skeletons in 2009, systematic transect counts averaged 51 carcasses per year (Table 17). 

Table 17: Raw systematic and strategic transect carcass counts on the Gallatin National 

Forest during years in which both methods were implemented (2006, 2008, and 2009).  

Year Systematic count Strategic count 

2006 54 53 

2008 77 33 

2009 55 12 

2009
a
 21 NA 

Mean 62 33 

Mean (skeletons removed) 51 33 
a
2009 counts with carcasses documented as skeletons removed. 

Two Sample Comparisons of Detection Rates (Carcasses/km).   For 2006 

monitoring, results of the Wilcoxon rank sum test indicated evidence of a difference in 

the sum of ranks between the strategic and systematic transect detection rates (W = 744, P 

= 0.051; Table 18).  The difference in the sum of ranked detection rates between the 

strategic and systematic survey type was 0.158; however the confidence interval slightly 

overlapped zero (95% CI = -0.0000258 to 0.749).  For 2008 monitoring, there was no 
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evidence of a difference in the sum of ranks between the strategic and systematic transect 

detection rates (W = 596, P = 0.764; Table 18) with a difference of 0.00006 (95% CI -

0.227 to 0.250).  In 2009, the sum of detection rate ranks was not different between the 

strategic and systematic transects (W = 555.5, P = 0.961; Table 18).  The difference in the 

sum of ranked detection rates between the strategic and systematic survey types was -

0.0000016 (95% CI = -0.231 to 0.118).  However, when removing the skeletons from the 

2009 systematic data, the difference in the sum of detection rate ranks between the 

strategic and systematic carcass surveys was 0.000023 (W = 717.5, P = 0.049; Table 18), 

with a confidence interval that slightly overlapped zero (95% CI = -0.000055 to 0.161).  

Across the three years of surveys, carcass detection rates on systematic transects 

averaged 0.34 carcasses/km on systematic transects and 0.36 carcasses/km on strategic 

transects. 

Table 18: Carcasses detected for each kilometer of survey effort associated with the 

strategic and systematic carcass monitoring protocols implemented on the Gallatin 

National Forest in 2006, 2008, and 2009.   

Year 

Systematic 

detection/km 

Strategic 

detection/km 

p-value:

Wilcoxon

rank 

sum test 

2006 0.28 0.60 0.051 

2008 0.42 0.35 0.764 

2009 0.31 0.14 0.961 

2009
a
 0.13 0.14 0.049 

Mean 0.34 0.36 

Mean (skeletons removed) 0.28 0.36 
a
2009 counts with carcasses documented as skeletons removed. 
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Discussion 

Objective 1: Carcass Monitoring Update 

Carcass resources across the landscape of the Northern Range were dynamic over 

a 16-year time span.  Carcass counts were often low, averaging 31 carcasses per year 

when excluding some pulses in counts following the winters of 1997, 2006, 2008, and 

2011.  Carcass counts in these pulse years averaged 152 carcasses per year.  Low annual 

carcass counts, with an occasional pulse event, corroborate the findings of Green et al. 

(1997).  However, from 1987 to 1990 on the NYWR, when excluding a pulse event in 

1989, Green et al. (1997) documented an average of 69 carcasses per year.  Across our 

study period (1997–2012), the average number of carcasses counted in years excluding 

pulse events was less than half the average found by Green et al. (1997).  Lower winter – 

kill of ungulates is consistent with the notion that changes in ungulate management 

paradigms, restoration of natural ecological processes as a result of native large carnivore 

recovery, and changes in winter conditions have affected Northern Yellowstone elk and 

bison population demographics, sizes, and over-winter survival (Coughenour and Singer 

1996, Vucetich et al. 2005, White and Garrott 2005a, White and Garrott 2005b, 

Eberhardt et al. 2007, Podruzny et al. 2012).   

The winter of 1997 was particularly severe; characterized by a rain event in 

January that added an ice layer to the snowpack and made foraging very difficult for 

ungulates (Smith 1998).  Forage becomes less available to ungulates during icing and 

thawing events (Wang et al. 2006).  The high number of carcasses counted following the 

winters of 2006 and 2008 coincided with a period of wolf decline due to high pup 
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mortality following outbreaks of disease in 2005 (Almberg et al. 2009, Almberg et al. 

2010).  Evidence suggests that while increased wolf population sizes reduce overall 

carrion abundance, wolves reduce temporal variation in carrion abundance because 

mortality occurs year around via predation (Wilmers and Getz 2004).  The pulse in 

carcass counts in the spring of 2011 coincided with a winter where January precipitation 

exceeded 160% of a 30 year average (1981 – 2010), and February daily maximum 

temperatures were 7 °F cooler than average (Mammoth weather station data; The Climate 

Analyzer [www.climateanalyzer.org]).   

The number of carcasses used by grizzly bears across the NYWR was highest in 

pulse years, averaging 22 carcasses (16%) per year. Across all years, grizzly bears 

scavenged an average of 8.5 (14%) carcasses per year.  Grizzly bear carcass use in the 

present study is greater than the 2% documented by Green et al. (1997) on the NYWR 

from 1987–1990.  However, my study incorporated more survey routes and 16 years of 

data as opposed to 4 years.  Higher use of carcasses is also consistent with the 

documented increase in the population of grizzly bears in the Greater Yellowstone 

Ecosystem.  The low average proportion of carcasses used by grizzly bears on the 

NYWR (14%) might indicate that either carcasses are not available to grizzly bears 

(perhaps due to a variety of landscape characteristics, competition, or a constrained 

ability to find the resources in time), or that grizzly bears on the NYWR are satisfying 

energy requirements in some other way.  Wolf use of detected carcasses averaged 4 

carcasses (9%) annually, 7.5 carcasses (5%) in pulse years, and 3 carcasses (11%) in 

other years. Mountain lion activity was not recorded for carcass surveys within the park; 
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however detection of mountain lion activity at carcass sites on the remainder of the 

NYWR first appeared in 1997.  Mountain lion use of detected carcasses averaged 1 

carcass (7%) annually, 4 carcasses (6%) in pulse years, and 0.7 carcasses (8%) in low 

years.  

Monitoring data revealed that elk comprised the greatest proportion of carcasses 

documented on the NYWR from 1997–2012.  I could not statistically compare these 

proportions to those documented by Green et al. (1997).  Whereas Green et al. (1997) did 

not report elk percentages by year, 93% of all carcasses recorded were elk; 85% were elk 

when excluding the 1989 pulse event.  The proportion of carcasses detected as elk could 

have declined throughout this study period, relative to conditions documented by Green 

et al. (1997).  This pattern is consistent with the hypothesis that carcass resources across a 

landscape may be linked in some ways to ungulate population sizes; in a simulation study 

Wilmers and Getz (2004) found that 40% of the variation in mean annual carcass 

abundance is attributable to elk population size.  In the late 1990s and early 2000s, 

density-dependent mechanisms decreased elk survival and calf recruitment (Houston 

1982, Coughenour and Singer 1996, Singer et al. 1997, Taper and Gogan 2002, Barmore 

2003, Kie et al. 2003).  The Northern Range elk herd population has declined from a high 

around 19,000 elk in 1994 to around 3,000 elk in recent years (Eberhardt et al. 2007).  

Following the density dependent-mechanisms that initially decreased elk survival, the 

additive effects of continued intensive hunter harvest and the establishment of wolves in 

1995 likely contributed to the decline of Northern Range elk herd (White and Garrott 

2005a, Evans et al. 2006, Eberhardt et al. 2007).  
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Green et al. (1997) did not report on age class composition of carcasses.  I found 

that in the first year of monitoring (1997), 52% of carcasses on the NYWR were adults, 

and in the last year (2012) 67% were adults.  The proportion of carcasses classified as 

adults has not dropped below 50% since 2003; adults comprised less than 50% of 

carcasses in 4 of 7 years between 1997 and 2003.  Conversely, calves or fawns comprised 

34% of carcasses in the first year of monitoring (1997) and 8% of carcasses in the last 

year (2012).  There have only been two years since 1997 where the number of carcasses 

classified as calves or fawns was proportionately greater than in 1997. Initially following 

wolf reintroduction in 1995 (1996 – 2002), wolf kills were primarily calves and older 

individuals (Wright et al. 2006, Eberhardt et al. 2007).  This predation was likely 

compensatory; these vulnerable segments of the elk population (Smith 2005) would have 

probably starved during the winter months (Wright et al. 2006, Eberhardt et al. 2007).  

However, since 2003, increases in the GYE wolf population have yielded a decrease in 

survival of reproductive age female elk (White and Garrott 2005a, Hamlin et al. 2009).  

Elk mortality from any given source may have become more additive (than 

compensatory) in recent years, as the Northern elk herd population has decreased below 

carrying capacity. Adult cohorts become more vulnerable as sources of mortality become 

more additive; this age class would not necessarily die off if the mechanisms driving 

mortality were purely compensatory (White and Garrott 2005a, Wright et al. 2006, 

Eberhardt et al. 2007, Hamlin et al. 2009).   
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Objective 2: Grizzly Bear Use of  

Carcasses on the GNF and in YNP 

Of all carcasses that Green et al. (1997) documented on the YNP portion of the 

NYWR from 1987 to 1990, only about 2% (14 of 741 carcasses) were scavenged by 

grizzly bears.  This number is lower than the average of 16% carcass use by grizzly bears 

in YNP in this study, which may be attributed to more years of data that encompass the 

time period over which the Yellowstone grizzly bear population recovered.  From 1985 to 

1990, about 13% of all carcasses found in the Firehole-Gibbon winter ranges of YNP 

were scavenged by bears (Green et al. 1997). This proportion is more similar to that 

found in this study of the NYWR. 

Comparisons in grizzly bear use of carcasses between YNP and the GNF 

described in method 1 indicated that grizzly bear use of carcasses may have been higher 

in YNP in pulse years; however whether or not there were differences in bear use over all 

years or in low years remained unclear.  Differences are not attributable to management 

jurisdiction as a causal mechanism but are simply correlative. 

Human activity levels differed between the GNF and YNP.  Whereas data were 

not formally collected on antler and ivory teeth removal at mature elk carcass sites in 

YNP, the estimate of 1% contrasts the overall total of 80% of mature elk carcasses with 

evidence of human contact on the GNF.  Direct human contact with carcass sites may 

serve as a useful index of the degree to which roads and motorized trails in the GNF 

facilitate human activity at a landscape scale.  Road densities were 73% lower in YNP 

than in the GNF.  Roads serve as conduits for human dispersal across a landscape; it is 
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reasonable to assume that in addition to evidence of human contact with carcass sites, the 

difference in road densities between the GNF and YNP is a relevant metric of human 

activity levels as well. 

Method 2 allowed me to take a closer look at the possible mechanisms that might 

describe differences in grizzly bear use of carcasses between YNP and the GNF.  Model 

results suggest that spatial heterogeneity in landscape-level characteristics such as 

elevation, distance to forest edge habitat, and most notably a metric of human activity 

(road and motorized trail densities) negatively affected grizzly bear use of carcasses.  

These findings corroborate previous studies that have documented grizzly bear preference 

for cover (Blanchard 1983, Mace et al. 1996), and avoidance of areas near roads or 

human activity (Mattson et al. 1987, McLellan and Shackleton 1988, Kasworm and 

Manley 1990, Green et al. 1997, Gibeau et al. 2002, Waller and Servheen 2005).   

Green et al. (1997) found that the probability of grizzly bear use of carcasses on 

the YNP portion of the NYWR was positively and most strongly related to carcass 

biomass/abundance and elevation, perhaps indicative of selection being driven by 

characteristics that represent the greatest energetic reward with the least amount of 

competition from other scavengers.  In the present study, data were not recorded on 

carcass biomass. Species of carcasses would capture biomass to some degree.  However, 

I did not use this as a covariate because of the correlation between species composition 

and the treatment (management jurisdiction).  In other words, I was interested in 

understanding variation in carcass use attributable to management jurisdiction that could 

not be described by other landscape characteristics.  However, summaries of monitoring 
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data indicated that on average, the majority of carcasses (76%) across the NYWR over 

the entire study period were elk.  In addition, I accounted for annual effects (both year 

and an annual index of grizzly bear density).  Annual effects are a proxy for relative 

carcass abundance (and thus carcass biomass to some degree).  All competing top models 

contained annual effects. 

 In contrast to Green et al. (1997), I found a negative relationship between 

elevation and the probability of carcass use.  The elevational relationship was only 

evident at the 1400-m spatial extent, the average daily movement distance of grizzly 

bears documented by Costello et al. (2014), and its significance did not persist when I 

averaged competing top models.  The discrepancy in elevational relationship relative to 

the findings of Green et al. (1997) may also be attributable to my incorporation of the 

GNF portion of the NYWR study area.  Green et al. (1997) attributed the positive 

relationship between probability of grizzly bear use of carcasses and elevation to the 

possibility that higher elevation areas of the NYWR are where grizzly bears are emerging 

from their dens and least likely to encounter significant competition from scavenging 

species.  However, after the conclusion of the Green et al. (1997) study, the proportion of 

the Northern Yellowstone elk herd that migrated North of the YNP boundary during the 

winter increased (1995 – 2012; Lemke et al. 1998, White et al. 2012).  This could have 

led to a greater concentration of spring carcasses on the lower elevation portions of the 

NYWR during the years used in my analysis; this would explain a negative relationship 

between elevation and the probability of grizzly bear carcass use. 
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Carcass use by the other major carnivorous species (wolves and mountain lions) 

was low.  We assumed that wolves and mountain lions would be the primary competitors 

of grizzly bears. Besides the direct competition for carcass resources among carnivorous 

species, the spatio-temporal dynamics of wolf predation may heighten competitive 

interactions and thus carcass availability to some species (Wilmers et al. 2003b).  Wolf 

predation drives carcass distributions that are well dispersed through time and space 

(Stahler et al. 2002, Wilmers et al. 2003a, Wilmers et al. 2003b, Hebblewhite and Smith 

2010).  Competitive interactions tend to be more prevalent under this scenario than if 

carcasses were highly concentrated in time and space (Wilmers et al. 2003b).   In 2004 on 

the GNF, all 4 of the 4 detected carcasses had evidence of wolf activity, but no bear use 

was detected.  However, during the only years in which no grizzly bear use of carcasses 

was documented in YNP (2001 and 2002), only 1 carcass (4%) and 0 carcasses were used 

by wolves, respectively.  My findings of low carcass use by other dominant carnivores 

suggest that direct competition at carcass sites may not be constraining to grizzly bears.  

Bears and wolves may directly compete at carcass sites; however bears dominate such 

interactions 85% of the time (Hebblewhite and Smith 2010).   

Competition among scavengers for carcass resources may be indirectly 

constraining to grizzly bears based on the timing of carcass appearance on the landscape, 

given that bears hibernate (Green et al. 1997).  These data could not be summarized for 

the YNP portion of the NYWR because transects were only traveled once.  However, the 

multi-visit surveys on the GNF indicated that grizzly bear use of carcasses was 

documented at 70% of all used carcasses in April or earlier.  Grizzly bear use of carcasses 
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appeared in May on only 30% of used carcasses.  These findings corroborate the mid-

April peak in carcass availability documented by Green et al. (1997).    

 The primary difference in my model findings and those of Green et al. (1997) was 

the significance of road and motorized trail density as a correlate of carcass use by 

grizzly bears.  Human structures and roads were not important predictors of carcass use 

on the YNP portion of the NYWR from 1987–1990 (Green et al. 1997).  However, my 

study also incorporated the GNF portion of the NYWR, which had much higher human 

activity levels in spring than YNP.  When Green et al. (1997) included the park interior in 

their analysis, where carcasses tended to be in closer proximity to roads, grizzly bears 

were more likely to use carcasses farther from human structures and roads.  My study 

also incorporated more years of data, and thus captured more variation in bear use of 

carcasses. Additionally, my analysis approach differed from that of Green et al. (1997). I 

analyzed the probability of grizzly bear use of carcasses at a broader scale, and used 

transect, rather than each carcass, as the sampling unit (based upon the philosophy that 

grizzly bears forage and perceive a landscape at broad spatial scales; Bjornlie et al. 

2014a, Bjornlie et al. 2014b).  Grizzly bear selective preferences could be hierarchical.  

In other words, perhaps anthropogenic factors are most constraining to bears at broad 

spatial scales, whereas other characteristics (e.g., carcass biomass) become more 

important to bears at the finer scale of carcass sites. 

 Although models containing management jurisdiction had weak support at the 

500-m spatial extent, there was no evidence of this relationship at the 1400-m analysis 

extent.  Therefore, management jurisdiction did not explain any additional variation in 
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grizzly bear use of carcasses on the NYWR.  I expected to find support for a management 

effect, however there may be variation in landscape characteristics that are more 

ecologically meaningful to grizzly bears than this coarse-scale covariate.  When 

accounting for heterogeneity in these features, the distinction between management 

jurisdictions is not an inherent driver of carcass use.  For example, the most important 

covariate of probability of grizzly bear use of carcasses, road density, is much greater on 

the GNF than in YNP.  Based on evidence presented in method 1, it is also possible that 

there are only differences in grizzly bear use of carcasses between management 

jurisdictions in pulse years, and when combining all years of data, management 

jurisdiction is no longer an important correlate of grizzly bear use of carcasses.  This 

notion is consistent with evidence that carcass abundance is a driver of grizzly bear use of 

carcasses (Green et al. 1997). During years other than pulse years, the number of 

carcasses detected, and the number detected as used by grizzly bears, might be too low to 

detect differences, even when summarizing information across an entire transect. 

Road density was the best available metric of landscape level-human activity that 

could be used in the modeling framework.  However, I recognize that linear 

anthropogenic features, such as roads, may not necessarily capture the intensity, 

frequency, and temporal aspects of human activity that may impact grizzly bear 

responses (McLellan 1990).  Roads are linear features with arguably predictable levels of 

human activity.   However, the antler/ivory index of human activity at a landscape level 

in the GNF corroborates well with the relationship between road density and grizzly bear 

use of carcasses in our analysis, and indicates that roads and motorized trails may serve 
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as a conduit for spring human activity on the GNF.   This distribution of human activity 

could influence the probability of carcass use by grizzly bears at a landscape level.  

Direct human contact with carcass sites is not likely to affect grizzly bear use of carcasses 

at a fine scale; rather, the number of carcasses with evidence of human activity across the 

study area serves as an index of human activity. Evidence from carcass surveys in YNP 

wintering ranges during 1985–1990 suggested that grizzly bear tracks occurred in greater 

density in areas >0.4 km of roads in the YNP interior and areas >1 km from roads on the 

NYWR (Green et al. 1997).  In a habitat matrix characterized by varying densities of 

human-related features and activity, grizzly bears may avoid areas where human use is 

greatest.  Previous studies have shown that roads and motorized trails can affect grizzly 

bear movements and behavior and are an important consideration in grizzly bear habitat 

conservation (Mattson et al. 1987, McLellan and Shackleton 1988, Kasworm and Manley 

1990, Mace et al. 1996, Green et al. 1997, Gibeau et al. 2002, Waller and Servheen 

2005). The Conservation Strategy (USFWS 2007a) defines secure grizzly bear habitat as 

area greater than 10 acres in size and farther than 500 m from roads.  Of all carcasses 

used by grizzly bears, only 21% were within 500 m of the nearest road.    

I note there are constraints imposed by the design of the carcass monitoring 

surveys.  Cherry (2007) critiqued the monitoring surveys in YNP, stating that the surveys 

do not incorporate sufficient transect length to yield adequate precision in a modeling 

framework to allow for estimation of carcass densities.  This issue stems from the fact 

that so few carcasses tend to be documented on the transects at their current length.  If 

more carcasses were to be found, then perhaps more bear use could be documented, thus 
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increasing the sample size for evaluating the environmental correlates carcass use.  

Although I did not use individual carcasses as the sampling unit, increasing transect 

length may yield larger sample sizes and greater precision.  However, in years where 

carcass counts were low relative to other years, such as 2001, total transect lengths 

necessary to achieve adequate precision as defined by Buckland et al. (2001) and applied 

by Cherry (2007) would be >9,000 km. 

I recognize that in quantifying grizzly bear use of carrion at the scale of each 

transect, I may have lost some information.  This could be an alternative explanation for 

the lack of a management effect on grizzly bear use of carcasses.  However, across the 

NYWR, the average number of carcasses counted on a given survey route in a given year 

was approximately 6 carcasses, whereas the average number of carcasses used by grizzly 

bears on a transect per year was about 2.  Additionally, the scale of my approach may be 

the most relevant to grizzly bear ecology.  Grizzly bears move based on search behavior 

at multiple scales (Bjornlie et al. 2014a, Bjornlie et al. 2014b). Given the high mobility 

(Costello et al. 2014) and opportunistic foraging strategy of grizzly bears (Mattson et al. 

1991, Gunther et al. 2014), use of carcasses in the area of a given monitoring route could 

be driven by broad-scale landscape characteristics that influence search behavior.  Fine-

scale habitat characteristics of carcass sites may not influence the ability of grizzly bears 

to find a carcass as much as broad-scale processes, such as movements affected by high 

road densities.  Evidence suggests that patterns in grizzly bear habitat selection are scale-

dependent (Ciarniello et al. 2007); preferences at finer scales may differ.  The strength 

and direction of relationships with grizzly bear use of carcasses might differ if we were to 
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utilize each carcass as a sampling unit, however multi-scale wildlife habitat selection is 

often hierarchical, and the broadest scale requirements may be the most constraining 

(Rettie and Messier 2000).  

Last, I recognize that density-dependent mechanisms may affect grizzly bear 

home-range sizes (especially among females, a subdominant cohort) and thus the 

potential area over which foraging occurs (Bjornlie et al. 2014a).  I expected to see 

stronger relationships between the spatially and temporally explicit index of grizzly bear 

density developed by Bjornlie et al. (2014a) and probability of grizzly bear use of 

carcasses.  However, the resolution of this spatial data layer may have been too coarse 

(15-km × 15-km grid cells) to capture enough variation in the index across the NYWR.  

Further investigation is needed to better understand the relationship between grizzly bear 

density and carcass use by bears.   

The assessment of differences in grizzly bear use of carcasses between the GNF 

and YNP resulted in 3 lines of evidence for method 1 indicating that grizzly bear use of 

carcasses may only differ between management jurisdictions in ‘pulse’ years, and 2 lines 

of evidence indicating that grizzly bear use of carcasses does not differ between 

management jurisdictions in years characterized by low carcass counts.  Method 2 

provided insights into one possible mechanism explaining jurisdictional differences in 

grizzly bear use of carcasses. The most important correlate of grizzly bear use of 

carcasses, road density, corroborates direct evidence of human contact at carcass sites 

(antler/ivory removal), and may be a reasonable metric of landscape-level human 

activity.  This human activity is greater on the GNF than in YNP.  Whereas survey and 
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analysis constraints could have limited our ability to detect a management effect, all 

evidence is in agreement with the premise behind our original hypothesis that human 

activity may influence grizzly bear scavenging on the NYWR. 

Objective 3: Detection Rate Comparison 

Currently, the Final Conservation Strategy (USFWS 2007a) for the GYE grizzly 

bear population requires that all relevant land management agencies monitor key grizzly 

bear food resources, one of which is spring ungulate carcasses.  Dead animal matter plays 

an important role in any ecological community.  Carcasses provide food sources for a 

variety of scavenging species, add nutrients to the soil, and are an important component 

of ecosystem energy flow (DeVault et al. 2003, Melis et al. 2007, Wilson and Wolkovich 

2011).  As the Conservation Strategy undergoes a comment period following the March 

2016 proposed rule for de-listing of the GYE population of grizzly bears from the 

Endangered Species Act, an evaluation of key foods monitoring protocol is timely. 

Given that the relationship between carcass detection rates as an annual index of 

carcass abundance and true carcass availability is unknown (Cherry 2007), the carcass 

monitoring protocol that maximizes the number of carcasses encountered may be the 

least biased look at relative annual abundance.  Results of the Wilcoxon rank sum test 

indicate that in the subset of years in which both strategic and systematic monitoring 

protocols were implemented, detection rates (carcasses counted per kilometer of survey 

effort) either did not differ or were higher for the strategic monitoring scheme.  These 

results corroborate the higher detection rates found by Engelhardt-Bergsjo et al. (2009) 
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on the strategic surveys in 2006.  Given that the two monitoring protocols may be 

similarly effective in terms of carcasses counted per km of survey effort, the strategic 

monitoring scheme may be preferable to the systematic surveys because the strategic 

surveys are less resource intensive, and more convenient to implement.  While we did not 

assess aerial detection rates conducted annually by the NYCWWG, the problems with 

sightability (Caughley 1974, Pollock and Kendall 1987) may be a concern when 

considering an index where biases are unknown. Aerial surveys are also more expensive 

(D. Tyers 2014, personal communication).  Aerial carcass counts by the NYCWWG were 

not conducted in 2006, but 2008 and 2009 counts (NYCWWG 2014; Appendix B, Table 

3) track trends based on data for GNF from the strategic and systematic carcass surveys.

The YNP strategic carcass transects were critiqued by Cherry (2007).  

Specifically, Cherry (2007) discussed the inadequacy of transect lengths to yield 

appropriate precision in a modeling framework to estimate carcass densities each year.  

Density estimation is necessary to understand true carcass availability on an annual basis.  

The most appropriate method to estimate carcass abundance would be to fit a hierarchical 

distance-sampling model to all carcass data for the NYWR (Cherry 2007).  I conducted a 

power analysis based on methods documented by Buckland et al. (2001) and applied by 

Cherry (2007), which indicated inadequate transect lengths to yield 80% confidence in 

density estimates for 2006, 2008, and 2009 strategic surveys on the GNF.  Thus, strategic 

surveys may be infeasible for detecting trends in carrion density through time. Therefore, 

if estimating carcass densities is an important future goal, monitoring protocols would 

need to ensure spatial and temporal consistency in detection probability and transect 
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lengths would need to be greatly increased.  Consequently, the systematic monitoring 

protocol may be preferable for trend detection.   

Management Implications 

My results are in agreement with previous studies, suggesting that indicators of 

human activity, notably roads, are negatively related to grizzly bear use of a high-energy 

spring food source.  In YNP, Bear Management Areas coupled with low road densities 

limit human access to bear foraging areas in the spring. Given the potential carcass 

foraging opportunities for grizzly bears on the GNF, especially in years where carcass 

counts are particularly high, managers of multi-use landscapes tasked with meeting 

grizzly bear conservation standards may consider temporary road closures during the 

spring season.  The GNF has implemented spring road closures on some portions of the 

study area since 1989.  However, whereas road and motorized trail closures reduce 

human distribution across the landscape, they do not necessarily inhibit foot travel and 

dispersed human activity at the landscape level.  This human activity appears to be 

extensive in the spring in association with antler collection, which is common in the 

GYE.  Human access restrictions during spring may increase the ability of grizzly bears 

to access carcasses (Green et al. 1997).  Bear management closures in YNP are an 

example of this concept; human access is not allowed in some spring foraging areas on 

the NYWR.  However, given the low proportions of carcasses used by grizzly bears 

across the entire NYWR, it is a possibility that GYE grizzly bears are obtaining necessary 

resources elsewhere.  In this scenario, limiting recreational opportunities on the GNF may 
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not be desirable.  The mechanisms explaining low grizzly bear use of carcasses across all 

of the NYWR are questions that remain unanswered. 

 Given that grizzly bear use of carcasses was detected for 70% of used carcasses 

by the end of April on the GNF, management restrictions may be focused on the months 

of March and April.  An evaluation of carcass biomass consumption, desiccation, and 

decomposition during the multi-visit survey period on the GNF indicated that in 1997 (an 

uncharacteristically severe winter), approximately 90% of the carcasses on the GNF had 

not been 75% or more ‘consumed’ by the end of May.  In other words, in the spring 

following this cold, wet winter, a large amount of carcass biomass on the GNF remained 

on the landscape at the end of May.  In contrast, in 2011 (also a year characterized by a 

relatively severe winter), approximately 50% of the carcasses on the GNF were 75% or 

more decomposed/consumed/desiccated by the end of April, and approximately 66% of 

the carcasses had less than 25% of their biomass remaining by the middle of May.   

 Two carcass survey methods were implemented on the GNF in 2006, 2008, and 

2009.  On the GNF, a strategic monitoring scheme appears to have been similarly 

effective at detecting carcasses relative to a much more rigorous systematic monitoring 

scheme for the same study area.  While it is possible that the monitoring scheme that 

maximizes carcass detection rates in a given survey area will provide managers with the 

least biased index of relative carcass abundance, a strategic scheme does not allow for 

population level inferences.   Given that the strategic monitoring protocol does not 

sacrifice detection rates relative to the systematic alternative, the increased convenience 

and decreased resource inputs may be most appealing to managers in the future.  
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However, if scientists and managers determine that estimating carcass availability on the 

landscape is important, or that being able to make population level inferences about 

relative annual carcass abundance is necessary, then a more rigorous (ideally random) 

monitoring protocol may be necessary.   
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APPENDIX A 

RESIDUAL PLOTS 
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Figure A1: Residual plot against geographic coordinates for the full model (1400-m 

spatial extent) from which all candidate models were derived, Northern Yellowstone 

Winter Range, 1997 – 2012.  Random points were generated along each transect, and 

years were randomly assigned to each point in order to display residuals associated with a 

given transect across all years. 

 

 

 

 

Figure A2: Residual plot against geographic coordinates for the full model (500-m spatial 

extent) from which all candidate models were derived, Northern Yellowstone Winter 

Range, 1997 – 2012.  Random points were generated along each transect, and years were 

randomly assigned to each point in order to display residuals associated with a given 

transect across all years. 
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Table B1: Carcass counts and the number/percentage used by grizzly bears on the 

Gallatin National Forest and Yellowstone National Park portions of the Northern 

Yellowstone Winter Range (1997 – 2012).  Pulse years are in bold text. 

 

Year Gallatin National Forest Yellowstone National Park 

 

Carcasses Used %Used Carcasses Used %Used 

1997 150 1 0.67 110 26 24 

1998 6 1 17 28 5 18 

1999 8 0 0 39 3 8 

2000 1 0 0 38 2 5 

2001 2 0 0 23 0 0 

2002 4 0 0 7 0 0 

2003 12 1 8 24 3 12 

2004 4 0 0 16 2 12 

2005 4 2 50 14 1 7 

2006 53 4 8 70 18 26 

2007 18 2 11 32 5 16 

2008 33 4 12 82 14 17 

2009 12 1 8 45 6 13 

2010 6 0 0 22 10 45 

2011 67 7 10 43 15 35 

2012 4 1 25 8 2 25 

Mean (n=16) 24 1.5 9 38 7 16 

Mean Pulse 

Years (n=4) 76 4 8 76 18 25 

Mean Low 

Years (n=12) 7 0.7 10 25 3 13 
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Table B2: The average number of carcasses counted per kilometer of survey effort and 

average number of carcasses used by grizzly bears per kilometer of survey effort across 

all transects in a given year on the Gallatin National Forest and Yellowstone National 

Park (1997-2012). Pulse years are in bold text. 

 

Year Gallatin National Forest Yellowstone National Park 

 

Carcasses/km Used/km Carcasses/km Used/km 

1997 1.9 0.01 0.72 0.18 

1998 0.19 0.04 0.27 0.03 

1999 0.18 0 0.33 0.02 

2000 0.18 0 0.25 0.02 

2001 0.15 0 0.21 0 

2002 0.22 0 0.14 0 

2003 0.53 0.05 0.23 0.03 

2004 0.21 0 0.17 0.02 

2005 0.13 0.05 0.12 0.02 

2006 1.1 0.07 0.48 0.14 

2007 0.36 0.03 0.26 0.03 

2008 0.55 0.08 0.53 0.07 

2009 0.27 0.02 0.27 0.03 

2010 0.33 0 0.18 0.07 

2011 0.78 0.09 0.29 0.09 

2012 0.13 0.04 0.14 0.02 

Mean (n=16) 0.45 0.03 0.29 0.05 

Mean Pulse 

Years (n=4) 1.1 0.06 0.50 0.12 

Mean Low 

Years (n=12) 0.24 0.02 0.21 0.02 
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Table B3: Systematic, strategic, and Northern Yellowstone Cooperative Wildlife 

Working Group raw carcass counts on the Gallatin National Forest in 2006, 2008, and 

2009.  The aerial count was not conducted in 2006.  Counts for 2009 represent data with 

skeletons removed (as referenced in results). 

Year 

Systematic 

Count 

Strategic 

Count Aerial Count 

2006 54 53 ----------------- 

2008 77 33 27 

2009 21 12 16 

Mean 50.7 43 21.5 


