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The role of predation by large carnivores in suppressing prey populations and structuring ecosystems is highly
debated, calling for a detailed understanding of carnivore diets. Wolves (Canis lupus) roam across three
continents and persist throughout widely different ecosystems. Their diet is flexible and may vary spatially as
well as seasonally, which requires analysis of diet on different spatial and temporal scales. Few studies have
investigated the summer diet of wolves, which is more variable, consists of smaller prey, and requires different
methods than studying their winter diet. To better understand the summer diet of wolves, we combined three
independently collected wolf scat data sets from three distinctly different portions of the Greater Yellowstone
Ecosystem: Yellowstone National Park (2009), Grand Teton National Park (2003 — 2009), and the Absaroka-
Beartooth Wilderness (2009 — 2010). These areas represent different ecological conditions and management
regimes, which may impact wolf diet. We estimated relative biomass and compared occurrence of different prey
species among packs, years, as well as the three regions. In total, we analyzed 1,906 wolf scats and found that
neonate cervids, adult elk, and adult deer were the most important prey species in the summer diet of the wolves.
We found dietary variation among packs residing in the same area, as well as across years. The occurrence
of neonate cervids displayed the most variation, and low occurrence of this prey type often was associated
with a more diverse diet. Wolf packs within the national parks had a higher occurrence of medium-sized prey
(~50-"70kg) and lower occurrence of small-sized prey (< 20 kg) compared to wolves in the Absaroka-Beartooth
Wilderness. These results demonstrate flexibility in summer diet across packs, years, and between regions within
the Greater Yellowstone Ecosystem.
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Predation is an important ecological function that affects the
structure of ecosystems through direct and indirect effects
(Estes et al. 2011; Ripple et al. 2014a). Predation may im-
pact animal populations directly by suppressing prey species
and mesopredators, which may have cascading effects through
ecosystems (Prugh et al. 2009; Estes et al. 2011). One of the
most famous examples of the complexity of predation is the
reintroduction of wolves (Canis lupus) to Yellowstone National
Park (1995 — 1997—Fritts et al. 1997; Smith et al. 2003), which

sparked a controversial scientific debate on wolf influence on
prey populations and behavior, and effects on the surrounding
ecosystem (Kauffman et al. 2010; Ripple et al. 2014b; Painter
et al. 2015; Boyce 2018). Wolves now are distributed across
the Greater Yellowstone Ecosystem, which includes various
subsystems with different compositions of prey species (Smith
et al. 2004). Wolf diets often differ across ecosystems in re-
sponse to prey density (Nowak et al. 2011), prey vulnerability,
wolf colonization patterns (Capitani et al. 2004), and access to
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livestock (Meriggi et al. 1996). Intensive study efforts on wolf
predation have been carried out in Yellowstone National Park to
explore the direct and indirect effects of wolf predation on un-
gulate populations within the park, as well as wider ecosystem
effects (Mech et al. 2001; Smith et al. 2004; Fortin et al. 2005;
Vucetich et al. 2005; Metz et al. 2011, 2012). However, the
majority of studies on wolf diet have been carried out in winter
(Smith et al. 2004; Woodruff and Jimenez 2019), while investi-
gations of summer diet are more scarce, and summer predation
patterns therefore less understood (Metz et al. 2012).

Wolf dietary studies in summer face challenges of tracking
wolf movements without the advantage of snow cover.
Moreover, in the summer, wolf packs tend to be less cohesive,
consume smaller prey items (Stahler et al. 2006; Jimenez et al.
2007; Metz et al. 2011), and have increased nighttime activity
compared to winter (Peterson et al. 1984). Summer is a chal-
lenging season for wolves due to adult herbivores being less
vulnerable to predation. In the winter, wolves can move more
easily through the snow, but in the summer, that advantage is
gone, and their prey generally are in better physical condi-
tion (Peterson and Ciucci 2003; Metz et al. 2012). In addition,
movement of wolves in summer can be limited because wolves
are tied to dens and rendezvous sites while they are rearing
pups (Mech and Boitani 2003). However, the use of den and
rendezvous sites in summer allows for relatively easy collec-
tion of wolf scats once the wolves disperse from these sites.
Scat analysis is a valuable tool to study wolf diet because it
may identify smaller prey species that may be characteristic of
wolf summer diets. Frequency of occurrence and relative bio-
mass consumed can be estimated from scats (Ciucci et al. 1996;
Klare et al. 2011), and may contribute insight as to the impor-
tance of different prey species in the summer diet of wolves.

Our goal is to improve our understanding of wolf summer
diet, because most research into wolf diet in the Greater
Yellowstone Ecosystem has been undertaken in winter in spe-
cific areas within the national parks. Thus far, no study has
examined wolf diet across a broader area within the Greater
Yellowstone Ecosystem during summer, a time of year when
ungulates and other prey are broadly distributed. To better
address this objective, we broadened our scope and included
national forest lands of the Absaroka-Beartooth Wilderness lo-
cated north of Yellowstone National Park, which has different
management regime than the national parks, but the least data
on ungulates and wolves (Rickbeil et al. 2019), as well as Grand
Teton National Park, which is located south of Yellowstone
National Park.

We hypothesized that: 1) large-ungulate prey are less vul-
nerable during summer throughout the Greater Yellowstone
Ecosystem, and predicted high occurrence of small- and
medium-sized prey in the wolf diet; 2) wolf summer diet is
highly opportunistic and adapted to spatial and temporal prey
availability, which should be reflected by differing prey oc-
currence among wolf packs and across years; and 3) regional
differences in wolf diet due to differing management regimes
where wolves within the national parks are predicted to utilize
larger prey than wolves in Absaroka-Beartooth Wilderness.
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MATERIALS AND METHODS

Study area.—The Greater Yellowstone Ecosystem (58,026
km?) consists of mostly public land in Montana, Wyoming,
and Idaho, United States (Fig. 1). The area contains two
national parks, Yellowstone National Park and Grand Teton
National Park, which are protected against hunting, grazing,
and resource extraction activities. The national parks are sur-
rounded by national forests where state-regulated hunting
seasons occur, such as the Absaroka-Beartooth Wilderness.
Grand Teton National Park (1,356 km?) is characterized as a
high valley surrounded by mountains with elevations between
1,900 and 3,900 m. The Absaroka-Beartooth Wilderness (3,818
km?) is located north of Yellowstone National Park in south-
central Montana and northern Wyoming. In contrast to the two
parks, state-regulated ungulate hunting occurs in the Absaroka-
Beartooth Wilderness. The area is characterized by high moun-
tain ranges with peaks to 3,600 m, tundra plateaus ranging from
1,500 to 3,000 m above sea level, and forested drainages going
down to lower elevation. Yellowstone National Park (8,991
km?) is divided into two ecological subsystems, the Northern
Range (1,000 km?) and the remaining park area. All sampling
was carried out in the Northern Range, where elevation varies
from 1,500 to 2,500 m. The Greater Yellowstone Ecosystem elk
population (Cervus canadensis), the most common prey spe-
cies for wolves in the area, seasonally migrate to the boundaries
of the ecosystem, including the Northern Range (Smith et al.
2004; White et al. 2010). The Greater Yellowstone Ecosystem
supports a variety of other potential prey species for wolves,
such as bison (Bison bison), moose (Alces alces), bighorn
sheep (Ovis canadensis), mule deer (Odocoileus hemionus),
white-tailed deer (O. virginianus), pronghorn (Antilocapra
americana), and beaver (Castor canadensis—Smith et al.
2004; Stahler et al. 2006). Overall, and although challenging
due to the large area, ungulate distribution and abundance
across the Greater Yellowstone Ecosystem is mostly known
and routinely monitored by state and federal agencies due to
the importance of ungulate hunting across the region (Metz
et al. 2012; Rickbeil et al. 2019; Woodruff and Jimenez 2019).
Large-ungulate hunting occurs within the Absaroka-Beartooth
Wilderness (Ruth et al. 2003), which is not permitted within the
two national parks, and may influence local ungulate densities.
Still, prey availability on the local scale of each wolf pack is un-
known. Other large carnivores found in the area include grizzly
bears (Ursus arctos), black bears (U. americanus), cougars
(Puma concolor), and coyotes (C. latrans—Yellowstone
National Park 2015). Cattle (Bos taurus) grazing occurred on
one allotment within Grand Teton National Park during the
time of data collection (Trejo 2012). Cattle grazing also was
permitted on a Forest Service allotment near the southeast
corner of the Absaroka-Beartooth Wilderness, and cattle may
stray into the wilderness areas. No domestic sheep (O. aries)
are present within the study area.

Scat collection.—Wolf scats were collected from Grand
Teton National Park and the National Elk Refuge, collectively
referred to here as Teton, the Northern Range of Yellowstone
National Park, hereafter referred to as Yellowstone, as well as
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Fig. 1.—Map of the study area where wolf (Canis lupus) scats were collected including the northern range of Yellowstone National Park, Grand

Teton National Park, and the Absaroka-Beartooth Wilderness.

the Absaroka-Beartooth Wilderness, referred to as Absaroka
(Fig. 1). In Yellowstone, adult and pup scats were collected from
wolf dens and rendezvous sites (hereafter “wolf homesites”)
after wolves abandoned these areas in August of 2009. Adult
wolf scats also were collected opportunistically from May to
July 2009 at carcass sites, along trails, dirt roads, and at GPS-
telemetry locations. To reduce potential pseudoreplication,
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opportunistically collected scats found grouped together (typ-
ically at a carcass site) were processed separately but the re-
sults (presence of prey items) were pooled together and treated
as one sample unit for statistical analysis. This opportunistic
collection only included scats with a diameter of > 30 mm to
exclude potential coyote scats (Weaver and Fritts 1979; Arjo
et al. 2002). In Teton, adult and pup scats were collected at
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homesites after abandonment by the wolves in August and
September during the years 2003-2009. Scats of all sizes
were collected within the home areas to include pup scats, fol-
lowing the assumption that coyotes would not use habitat in
close proximity to wolf homesites (Arjo et al. 2002; Derbridge
etal. 2012). Scats in Absaroka were collected opportunistically
along Forest Service maintained trails, which we used as tran-
sect routes to systematically search for scats between May and
October in 2009 and 2010. Scats were assigned to different
packs in Teton and Yellowstone based on annual monitoring
of pack ranges, which tend to be relatively stable across years
(Cassidy et al. 2020). Less research has been carried out on the
wolf population in the Absaroka, and we therefore could not
assign scats to individual packs.

Identification and quantification of prey items.—All scats
were frozen in a —20°C freezer prior to analysis before being
soaked in water for 24 h, and filtered repeatedly through a sieve
(0.7-0.5 mm mesh size) using running water. A point-frame
was used to randomly select 20 hairs per scat for microscopic
examination (Ciucci et al. 2004). Small amounts of hair may
become temporarily trapped in the digestive tract of wolves
and released at a later time (Ciucci et al. 1996); prey remains
that occurred in trace amounts within a single scat (< 5%)
therefore were not included in the analysis. Hair, bones, teeth,
and feathers were identified to the finest taxonomic level pos-
sible using identification guides (Williamson 1951; Adorjan
and Kolenosky 1969; Moore et al. 1974; Kennedy and Carbyn
1981; De Marinis and Asprea 2006) and known hair samples.
We recorded the presence or absence of prey items in each
scat. Neonate cervid hair is distinguishable from that of adult
cervids from birth until their first molt at 4-5 months of age
(Pimlott et al. 1969; Kennedy and Carbyn 1981; De Marinis
and Asprea 2006). While we could distinguish neonate from
adult cervid hair, we were unable to identify neonate cervids
to species. In addition to hair, deciduous teeth (Quimby and
Gaab 1957), hooves, and degree of bone ossification were
used to classify the age of prey when possible. Because hair
identification was the primary means of identifying ungulate
prey, only two age categories were possible: ungulates less
than 5 months of age were considered neonates, and ungulates
older than 5 months of age were considered adults. The hair of
mule deer and white-tailed deer are very similar and difficult
to discriminate to species; we therefore pooled them together
as deer (Odocoileus spp.). When adult cervid hair could not be
identified to species or genus, it was grouped together in one
category (adult cervid). Accuracy of hair identification was as-
sessed by a blind test on hair samples from 30 potential mam-
malian prey species. All scats were analyzed by one person to
reduce potential observer bias (Spaulding et al. 2000).

Relative biomass of prey consumed was approximated using
the equation developed by Weaver (1993): X = 0.439 + 0.008Y,
where Y represents the average live weight (kg) of a prey spe-
cies, and X is the estimated biomass (kg) consumed of that par-
ticular prey per scat. Prey biomass associated with each scat
(X) was multiplied by the number of scats containing that par-
ticular prey to estimate the total amount of biomass consumed
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for each prey category in the sample of scats. We calculated
the percent biomass of prey consumed by dividing the total
consumed weight of a particular prey by the overall weight of
all consumed mammalian prey. Biomass was not calculated
for unidentified prey or nonmammalian prey. The average live
mass of individual prey was estimated from literature values
and modified by age structure information obtained from the
scat sample (Supplementary Data SD1). We plotted percent fre-
quency of occurrence of each prey type and the estimated bio-
mass for all the areas combined and separately for each area to
give an overview of the summer diet of wolves.

Statistical analysis.—Data exploration was carried out fol-
lowing the steps recommended by Zuur et al. (2010). To deter-
mine wolf diet variability across years and packs, we compared
those packs sampled within the same year and within the same
area, and yearly variation between the same packs. In Teton, we
used two packs (Teton pack and Buffalo pack) to analyze dif-
ferences in diet for each prey item across years, while six packs
sampled in the same years were used to explore pack variation.
All Yellowstone samples were collected in 2009 and we used
these data to compare prey occurrences among three packs.
Due to sampling differences among the three areas, we only
were able to investigate yearly variation in the Tetons. Scats
from Absaroka were not included in the year or pack anal-
ysis because of insufficient sampling and lack of knowledge
of pack territories. G-test and Yates correction for continuity
(Sokal and Rohlf 1995) were used to make diet comparisons
among packs and years. Raw frequency data were used for all
G-tests. Fisher’s exact test was used to compare prey items that
occurred at low frequencies (< 5). Results were considered sta-
tistically significant when P < 0.05.

To explore whether wolves in the Absaroka relied on smaller
prey than wolves within the national parks, we grouped prey
species by size. We categorized adult moose, adult bison, adult
elk, and adult cattle, as large prey. Adult mule deer, adult white-
tailed deer, neonate cervids, neonate bison, and adult bighorn
sheep were classified as medium prey, and beaver, rodents,
birds, and hares, as small prey. We used occurrence of prey size
categories as the response variable coded as a Bernoulli vari-
able (0 or 1), and applied generalized linear models (GLMs)
to explore differences across packs from the different areas.
We only used data collected during 2009, because this was the
only year when all areas were sampled. In addition, we decided
to include scats collected in Absaroka during 2010 to increase
the sample size from that area. Data exploration revealed only
small dietary differences between 2009 and 2010 in Absaroka.
We included pack as a fixed effect and compared occurrence
of each prey mass category coded as a Bernoulli variable (0 or
1). We contrasted Yellowstone and Teton packs with Absaroka
as the reference level. For each prey mass category, we fit a
model containing pack as an explanatory variable, and com-
pared this with a null model containing only the intercept. We
compared the models using AIC, model selection using the
“model.sel” function in the MuMIn package and selected
the most parsimonious model within AAIC, < 2 delta from the
top model (Harrison et al. 2018; Bartofi 2020). Only variables
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where the 95% confidence intervals that did not cross zero were
considered informative. We checked model fit by plotting the
Pearson residuals against each explanatory variable included
in the model to look for patterns (Zuur et al. 2016). We also
assessed the predictive ability of the models by plotting re-
ceiving operating characteristic (ROC curves) and calculating
the area under the curve (AUC) for each model using the pROC
package (Robin et al. 2011). All data analyses were performed
with R version 4.0.3 (R Development Core Team 2020).

RESULTS

Frequencies and biomass of prey items.—A total of 1,906
wolf scats were collected and analyzed from the Greater
Yellowstone Ecosystem, with the majority collected in Teton
(n = 1,307), followed by Yellowstone (n = 453), and Absaroka
(n = 146; Supplementary Data SD2). The number of prey items
ranged from 1 to 4 in each scat, but 90% of all scats contained
only one prey item. Ninety-six percent of hair samples were
correctly identified in the blind test.

Neonate cervids (47%) were the most frequently occurring
prey item detected in wolf scats across the Greater Yellowstone
Ecosystem, followed by adult elk (28%; Fig. 2). In terms of
relative biomass, the trend was opposite, adult elk (40%) con-
tributed a higher relative biomass than neonate cervids (26%).
Adult deer and moose represented tertiary prey items (9% bio-
mass, each), along with bison/cattle (8% biomass) and uniden-
tified cervids (6% biomass). Cattle hair was detected in only 3%
of scats collected from Absaroka, and was not detected in any
scats from Yellowstone or Teton. Small rodents (4% biomass)
were the most frequently consumed noncervid prey, whereas
other prey items (e.g., beaver, hares, canids, and bighorn sheep)
were consumed in negligible amounts (< 1% biomass each;
Fig. 2). Neonate cervids, adult elk, and deer were less domi-
nant in the diet of Absaroka wolves, where the diet was more
varied across several prey items (Fig. 3). In terms of frequency
of occurrence, rodents were among the most common prey spe-
cies in Absaroka, together with neonate cervids and adult elk.
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Fig. 2.—Percent frequency of occurrence and relative bio-
mass of summer prey items for wolf (Canis lupus) packs in the
Greater Yellowstone Ecosystem (n = 1,906 scats, packs = 11,
years = 2003-2010).
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Still, adult elk contributed by far the most to the biomass di-
gested. Wolves consumed moose in Teton and Absaroka (10%
and 16% biomass, respectively), but moose was not detected in
scats from Yellowstone. Beaver was primarily detected in Teton
wolf scats.

Pack, year, and regional differences.—Prey composition de-
rived from scat analysis was compared among years within the
same study area in Teton and among packs within the same
year in Teton and Yellowstone. Diet varied across years both for
the Teton and Buffalo pack (Supplementary Data SD3). Five
prey items differed among years for the Teton pack, and three
prey items differed among years for the Buffalo pack. The oc-
currence of neonate cervids and adult moose varied the most
across these packs. The occurrence of prey items also varied
among packs within the same year of study, with the largest
variability in terms of occurrence of neonate cervids, adult elk,
and adult moose (Supplementary Data SD4). In years with a
high occurrence of neonate cervids, the wolf diet comprised
a lower occurrence of other prey species, but in years with a
low occurrence of neonate cervids, wolves displayed a more
variable diet with higher occurrence of a wider range of prey
species.

All the models contrasting occurrence of different prey mass
categories in Absaroka compared to wolf packs in Yellowstone
and Teton were found to be important when compared to a null
model (large prey AAIC_: 17.63, medium prey AAIC : 63.37,
and small prey AAIC : 42.31; Supplementary Data SD5). Using
Absaroka as the reference level, only two packs were informa-
tive and different in terms of occurrence of large prey (Table 1).
The Blacktail pack in Yellowstone had a higher probability of
large prey in their diet, while the Druid pack in Yellowstone
had a lower probability of large prey (Fig. 4). All of the packs
were informative when the occurrence of medium and small
prey in the wolf diet of packs in Telton and Yellowstone was
contrasted against Absaroka. Absaroka wolves had a lower
probability of medium prey and higher probability of small
prey compared to all packs in the national parks. The predic-
tive power of these models in terms of ROC curves varied with
AUC ranging from 0.60 to 0.72 (Supplementary Data SD5 and
SD6). The model predicting the occurrence of small prey be-
tween the packs from the three areas had the overall highest
predictive accuracy of 0.72.

DI1SCUSSION

In accordance with our hypothesis, the summer diet of wolves
had a large component of medium-sized prey, including neo-
nate cervids and adult deer, and some smaller sized species.
However, large prey such as adult elk contributed the most to
their diet in terms of biomass consumed. The Absaroka wolves
generally had a larger variation of prey species compared to
wolves within the national parks. The difference between packs
and yearly variation supports our hypothesis regarding the op-
portunistic nature of the summer diet of wolves. The diet of
wolves was more variable with higher occurrences of several
species when cervid neonates were less prevalent in the diet.
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Fig. 3.—Percent frequency of occurrence and relative biomass of prey items in summer scats of wolf (Canis lupus) packs in the Greater Yellowstone
Ecosystem. Grand Teton National Park (n = 1,307, packs = 8, years = 2003-2009), Yellowstone National Park (n = 453, packs = 3, year = 2009),
and Absaroka-Beartooth Wilderness (n = 146, unknown packs, years = 2009-2010).

We partly confirmed our hypothesis concerning differences in
summer diet between the three regions. Absaroka wolves had a
higher probability of small prey in their diet and a lower proba-
bility of medium-sized prey compared to packs in the national
parks. We could not confirm that the wolf packs in Yellowstone
and Teton consumed more large prey compared to Absaroka.
Sampling design and data limitations.—For this type of re-
search, a uniform sampling design is ideal, but this was not
possible in our study because scat was collected as part of inde-
pendent projects within each area. We pooled data from these
three projects to make inferences about the overall summer diet
of wolves in the Greater Yellowstone Ecosystem. It is impor-
tant to note that confounding factors related to scat collection
techniques (i.e., homesites versus opportunistic sampling—
Steenweg et al. 2015), year, and month, of collection could
have confounded the results of our analysis. We have tried to
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account for the dependency in the data within the same area,
year, and packs, but there may exist additional dependencies,
for example, between scats sampled in the same locations.
However, sampling from high-use areas such as dens and ren-
dezvous sites was necessary to achieve a sufficient sample
size. In addition, scats were collected during a longer season in
Absaroka and Teton compared to Yellowstone, which may have
an impact on the observed regional differences.

Various scat analysis methodologies have been used in car-
nivore diet studies; each has its limitations, biases, and inter-
pretational difficulties (Kelly 1991; Reynolds and Aebischer
1991; Ciucci et al. 1996, Marucco et al. 2008; Klare et al.
2011). In this study, we used both frequency of occurrence and
relative biomass to document wolf diet. According to Klare
et al. (2011), the technique most commonly applied in pub-
lished carnivore diet studies is frequency of occurrence, which
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Table 1.—Estimates, standard error, z-value, P-value, and 95% confidence interval, of model terms to predict the occurrence of large (~267—
585 kg), medium (~50-70 kg), and small prey (< 20 kg) categories in the summer diet of wolves (Canis lupus) in three areas of the Greater Yel-
lowstone Ecosystem. Grand Teton National Park (n = 100, packs = 1, year = 2009), Yellowstone National Park (n = 453, packs = 3, year = 2009),
and Absaroka-Beartooth Wilderness (n = 146, packs unknown, years = 2009-2010).

Large prey variable Estimate SE z-value P 2.5% 97.5%
Intercept(Absaroka) -0.82 0.18 -4.54 < 0.001 -1.18 -0.47
PackBlacktail 0.49 0.24 2.05 0.04 0.02 0.96
PackDruid -1.09 0.36 -3.04 <0.01 -1.83 -0.41
PackEverts 0.05 0.24 0.19 0.85 -0.42 0.52
PackPinnacle Creek 0.11 0.28 0.40 0.69 -0.44 0.66
Medium prey Estimate SE z-value P 2.5% 97.5%
Intercept(Absaroka) -0.48 0.17 -2.81 0.01 -0.82 -0.15
PackBlacktail 0.77 0.23 3.35 <0.001 0.32 1.22
PackDruid 2.71 0.39 6.95 <0.001 2.00 3.54
PackEverts 0.93 0.23 4.07 <0.001 0.48 1.38
PackPinnacle Creek 0.76 0.27 2.88 <0.01 0.25 1.29
Small prey Estimate SE z-value P 2.5% 97.5%
Intercept(Absaroka) -0.99 0.19 -5.28 <0.001 -1.37 -0.63
PackBlacktail -0.71 0.28 -2.53 0.01 -1.27 -0.16
PackDruid -3.53 1.02 -3.45 <0.001 -6.42 -1.97
PackEverts -1.38 0.32 -4.29 <0.001 -2.03 -0.77
PackPinnacle Creek -1.95 0.50 -3.94 <0.001 -3.05 -1.07

is useful for comparisons among studies and to detect rare prey
species. However, results based on frequency of occurrence
data alone should be interpreted with caution, as their validity
is questionable when considering ecological parameters. Small
prey have a higher surface to volume ratio and are composed
of more hair and bone per mass flesh than larger prey (Weaver
1993). Because hair and bones are the primarily ways to iden-
tify mammalian prey in scat, small prey can be overestimated
using frequency techniques because the presence of small prey
items and large prey items are equally weighted in the analysis
(Klare et al. 2011).

Predator-specific biomass models are based on captive
feeding trials and the relationship between prey biomass con-
sumed per collectable scat produced. These models have been
developed to account for disparities in prey body mass for sev-
eral carnivore species (Klare et al. 2011), including wolves
(Weaver 1993). However, the pitfall of using biomass models
is that their accuracy is influenced by multiple variables, in-
cluding errors associated with more than one prey item per scat,
and average prey weight variation. In this study, a positive bias
may have occurred because 10% of scats used in the biomass
calculations contained more than one prey item. While biomass
calculation methods have limitations, they are biologically
more meaningful and provide the best approximation to true
diets of carnivores (Ciucci et al. 1996; Klare et al. 2011).

Scat collection and analysis provide advantages compared to
other methods to study wolf diet. While GPS-telemetry tech-
niques adequately detect large-bodied ungulate prey, they are
less successful in detecting medium- and small-bodied prey
(Sand et al. 2005, 2008; Webb et al. 2008; Knopff et al. 2010;
Palacios and Mech 2011; Trejo 2012). Also, scat analysis is
noninvasive, cost-efficient, and well-suited for the study of en-
dangered or elusive carnivores (Ciucci et al. 1996). Wolf scats
can be collected opportunistically, allowing for sample collec-
tion while engaging in other management- and research-related
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tasks, which can facilitate long-term studies contrasting wolf
diet across regions and different management regimes.
Frequency and biomass of main prey items.—In North
America, wolves predominantly prey on ungulates throughout
the year (Peterson and Ciucci 2003), large- and medium-sized
ungulates such as deer, elk, moose, and caribou (Rangifer
tarandus) are the most common prey across the three continents
where wolves persist (Newsome et al. 2016). During summer,
wolves tend to prey more on neonate ungulates (Pimlott et al.
1969; Voigt et al. 1976; Fritts and Mech 1981), and consume
a greater diversity of prey than in winter (Ballard et al. 1987;
Spaulding et al. 1998; Stahler et al. 2006). Wolves in the Greater
Yellowstone Ecosystem predominately preyed on wild ungu-
lates, particularly neonate cervids, adult elk, and adult deer.
Other prey items such as moose, bison, rodents, beavers, and
hares constituted a more variable component of their diet. Prey
availability and vulnerability are important factors influencing
wolf predation (Mech and Peterson 2003). A seasonal pulse
of neonate cervids becomes available to wolves in the Greater
Yellowstone Ecosystem in May and June, and they are partic-
ularly susceptible to predation in the initial weeks following
birth (Barber-Meyer et al. 2008; Metz et al. 2012). Frequency
of occurrence of prey species in scats may overestimate the
importance of small prey, which may occur frequently in wolf
diet, but overall contribute a low biomass (Weaver 1993). For
example, neonate cervids were an important diet item in terms
of frequency of occurrence, but the estimated biomass shows
they are a less important food source. Despite not contributing
to the largest biomass in wolf diet, the high frequency of oc-
currence on neonate cervids in wolf scats might suggest high
kill rates that may impact on ungulate populations (Sand et al.
2008; Metz et al. 2020a). However, as we have not surveyed ac-
tual wolf kill sites, it is impossible to distinguish whether this
represents predation or scavenging (Metz et al. 2020b). Adult
elk contributed most to consumed biomass, which is supported
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Fig. 4.—Predicted probability of large (~267-585 kg), medium (~50-70 kg), and small prey (< 20 kg) occurrence in the summer diet of wolf
(Canis lupus) packs between the three areas of the Greater Yellowstone Ecosystem. Grand Teton National Park (n = 100, packs = 1, year = 2009),
Yellowstone National Park (n = 453, packs = 3, year = 2009), and Absaroka-Beartooth Wilderness (n = 146, packs unknown, years = 2009-2010).
Predictions are based on a generalized linear model with a Bernoulli distribution. The 95% confidence intervals around each estimate are repre-

sented by the vertical lines.

by previous dietary studies from the region (Smith et al. 2004;
Stahler et al. 2006; Metz et al. 2020b). However, secondary
prey items (e.g., deer, moose, bison, rodents, and hares) may
be an important addition to the diet of wolves during certain
times of the year, and could sustain wolves between elk kills,
which may be particularly important while wolves are tied to
homesites while rearing pups.

Pack and yearly diet variation.—Prey composition varied
considerably among different packs in Teton and Yellowstone,
especially for neonate cervids, elk, and moose, while the oc-
currence of other prey items was overall low. Packs that had
a high occurrence of neonate cervid as prey items often had a
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lower occurrence of other species, and conversely packs with
a low occurrence of neonate cervids had a more variable diet
with a higher number of other species. Pack size might im-
pact prey selection, as smaller packs may be limited in their
ability to prey on large species (MacNulty et al. 2014); how-
ever, we did not consider the effect of pack size due to the
low pack cohesiveness during summer (Metz et al. 2011).
The differences also may reflect varying local densities of
prey species (Metz et al. 2020b). Still, previous studies have
found that wolf packs may display very different diets, even
within highly homogenous landscapes with constant prey
supply (Derbridge et al. 2012). Significant dietary differences
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have even been found among individuals from the same pack
(Stanek et al. 2017), which may be related to the age of the
sampled wolf (Gable et al. 2017). We could not explore such
individual differences due to our sampling method, making
it challenging to relate scats to individual wolves. The ob-
served pack differences therefore could relate both to dif-
ferent feeding habits among individuals or packs as well as
to different environmental conditions within the wolf pack
territories (Milakovic and Parker 2011). Nelson et al. (2012)
found that wolves used different strategies in summer to cope
with the decreased availability of elk due to seasonal migra-
tory shifts. Some wolves did not alter their distribution and
used alterative prey such as mule deer, while other wolves
made extraterritorial forays away from their homesites to ac-
cess summer elk ranges or shifted the location of rendezvous
sites (Nelson et al. 2012).

We also identified yearly variation in the summer diet of
wolves in Teton, where scats were sampled from the same pack
over several years. This variation illustrates that their diet is
not only spatially, but also temporally variable. Occurrence
of neonate cervids varied the most among years, followed by
adult elk, moose, and bison. In years when neonate cervids
were less prevalent in the diet, wolves tended to consume more
adult elk and moose. Such yearly variation in wolf diet also
has been found in several other studies including Italian wolves
switching between wild boar (Sus scrofa) and livestock, re-
flecting potential changes in abundance or access to prey
(Ciucci et al. 2018). Stable isotope analysis of wolf scats from
British Columbia similarly found variation in the summer diet
across years (Milakovic and Parker 2011). Wolf diet even may
vary among different weeks within the summer season (Gable
et al. 2018a), which we could not account for due to challenges
with dating the scats to specific weeks.

Regional differences in diet composition.—The occurrence
of different prey size categories varied among regions with a
lower probability of medium prey and a higher probability of
small prey in Absaroka compared to packs in Yellowstone and
Teton. The duration of scat sampling differed among the three
collection areas, which could influence some of the observed
differences. Scat collected from Yellowstone were more repre-
sentative of late spring and summer, while wolf scats collected
in Teton and Absaroka were more representative of summer
and early fall. However, this cannot explain why the diet of
packs in both national parks were different from Absaroka. The
observed difference also may be related to differing prey abun-
dances among the three study areas (Metz et al. 2012; Rickbeil
et al. 2019; Woodruff and Jimenez 2019). In the Absaroka,
smaller prey were more prevalent in the diet of wolves com-
pared to the two other study areas. Rodents were the second
most commonly occurring prey item in the scat analysis. The
high occurrence of small prey in Absaroka compared to the
national parks indicates the great flexibility in wolf diet that
can enable them to persist in a variety of ecosystems outside
pristine national parks, which may have a lower density of large
ungulates. Rodents and small mammals also have been found
to occur more often in the diet of wolves in the Arctic, and in
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high-elevation areas (Newsome et al. 2016), which supports our
similar findings from the higher elevations found in Absaroka.

Medium-sized prey such as deer were found in high occur-
rences in scats across all three areas, which suggests they are an
important part of the summer diet, as noted in previous studies
(Metz et al. 2012). This contrasts with winter diet studies from
Yellowstone, where deer were not common (Smith et al. 2004;
Metz et al. 2012). Wolves from Yellowstone had the overall
highest occurrence of deer in the summer diet, which may be
a response to lower elk availability because some elk migrate
out of the Northern Range during summer (White et al. 2010).
Moose did not occur in the diet of wolves in Yellowstone,
probably due to the reduction of moose population since the
wildfires of 1988 (Tyers 2003, 2006). However, moose was
present in the diets of wolves in Teton and Absaroka, but at
a lower proportion of the diet (~10% and 16% of biomass)
compared to previous studies in other ecosystems. A study
in northern Montana found that moose constituted 18% of
the prey biomass consumed (Derbridge et al. 2012), while in
Ontario, Canada, traces of moose were found in 51.5% of all
scats (Found et al. 2018).

Predation of bighorn sheep occurred only in one pack in
Yellowstone and was found in one scat from the Absaroka.
Encounters between wolves and bighorn sheep likely are in-
frequent because of the low population of bighorn sheep in
Yellowstone and low habitat overlap with bighorn sheep (Smith
et al. 2003). Beaver was detected in wolf scats from Teton and
Absaroka, but not in Yellowstone where beavers still are re-
covering following reintroduction into Absaroka and gradual
dispersal into Yellowstone (Smith et al. 2003; McColley et al.
2012; Scrafford et al. 2018). Several studies of wolf diets in
North America have shown that beaver is an important prey
species during summer (Forbes and Theberge 1996; Tremblay
et al. 2001; Gable et al. 2018b), which may suggest that bea-
vers could become a more important food source if the popu-
lation increase. Overall, smaller prey species may provide an
important food source for wolves during summer due to the
lower energy requirements during that time, and limited access
to other prey while restricted to the den or rendezvous sites
(Stahler et al. 2006; Newsome et al. 2016).

We have illustrated how a long-term collection of wolf scats
across an entire ecosystem can reveal both spatial and temporal
variation in wolf summer diet. We identified a high occurrence
of neonate cervids in the diet of the wolves, which may be
missed by other research methods that rely on detecting kill
sites. Scat analysis using various sampling methods should
still be interpreted with caution and future studies should ex-
plore the degree to which different sampling regimes can in-
fluence wolf diet analysis. The results from this study indicate
a highly variable summer diet, with regional, yearly, and pack,
differences. Our findings illustrate the importance of consid-
ering pack and yearly differences when exploring wolf diets,
while it raises new ecological questions necessary to explain
what drives these differences. Future studies should explore
potential explanatory variables such as local prey abundance,
timing of ungulate calving, and social cohesion of wolf packs.
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The high flexibility of the wolf summer diet illustrates the im-
portance of studying their diet across both spatial and tem-
poral scales to understand wolf summer predation, and wider
impact on prey and the ecosystem.

ACKNOWLEDGMENTS

A special thanks to everyone who contributed to field data
collection, and to J. L. Rossi, S. Frank, R. M. Mortensen,
and F. Rosell, for statistical advice and methodological dis-
cussions. We thank T. Dilts for creating and editing our study
site map. Thank you to Yellowstone Forever, formerly known
as Yellowstone Park Foundation, V. Gates, A. and B. Graham,
M. and D. Ohman, and G. Bennet, for financing the project
and data collection. The National Park Service, Grand Teton
National Park Foundation, the Yellowstone Wolf Project,
and the Yellowstone Association, facilitated the project and
financed data collection and analysis. The National Park
Service, University of South-Eastern Norway, and University
of Nevada, Reno, contributed toward financing the publication.
Finally, thank you to the three anonymous reviewers who pro-
vided useful comments on the manuscript.

SUPPLEMENTARY DATA

Supplementary data are available at
Mammalogy online.

Supplementary Data SD1.—Estimated average mass
(kg) of prey categories used to calculate relative biomass of
prey items.

Supplementary Data SD2.—Number of wolf (Canis lupus)
scats included in the analysis from each of the three areas of the
Greater Yellowstone Ecosystem.

Supplementary Data SD3.—Statistical significance for dif-
ferences in wolf diet between years for wolf packs in Grand
Teton National Park.

Supplementary Data SD4.—Statistical significance for dif-
ferences in wolf diet between packs in Grand Teton National
Park and Yellowstone National Park.

Supplementary Data SDS.—Summary of model selection
with AIC_ values to determine regional difference in the oc-
currence of large, medium, and small prey categories in the
diet of wolf packs between regions of the Greater Yellowstone
Ecosystem.

Supplementary Data SD6.—Receiver operating charac-
teristic (ROC) curves of the generalized linear model (GLM)
predicting the occurrence of large, medium, and small prey
items in the diet of wolves (Canis lupus) between three regions
of the Greater Yellowstone Ecosystem.

Journal  of

LITERATURE CITED

ADORJIAN, A. S., AND G. B. KoLENOsSKY. 1969. A manual for the
identification of hairs of selected Ontario mammals. Ontario
Department of Lands and Forests. Toronto, Ontario, Canada.

Downloaded From: https://bioone.org/journals/Journal-of-Mammalogy on 17 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

1039

ArJo, W. M., D. H. PLETSCHER, AND R. R. REAM. 2002. Dietary
overlap between wolves and coyotes in northwestern Montana.
Journal of Mammalogy 83:754-766.

BaLLARD, W. B.,J. S. WHITMAN, AND C. L. GARDNER. 1987. Ecology
of an exploited wolf population in south-central Alaska. Wildlife
Monographs 98:3-54.

BARBER-MEYER, S. M., L. D. MEcH, AND P. J. WHITE. 2008. Elk calf
survival and mortality following wolf restoration to Yellowstone
National Park. Wildlife Monographs 169:1-30.

BartoN, K. 2020. Package ‘MuMIn’. https://cran.r-project.org/web/
packages/MuMIn/index.html. Accessed 10 April 2021.

Boyce, M. S. 2018. Wolves for Yellowstone: dynamics in time and
space. Journal of Mammalogy 99:1021-1031.

CariTaNI, C., I. BERTELLI, P. VARUZZA, M. SCANDURA, AND
M. AroLLONIO. 2004. A comparative analysis of wolf (Cam’s
lupus) [Sic] diet in three different Italian ecosystems. Mammalian
Biology 69:1-10.

Cassipy, K. A., D. W. SmiTH, D. R. STAHLER, D. R. MACNULTY,
E. E. STAHLER, AND M. C. METZ. 2020. Territoriality and competi-
tion between wolf packs. Pp. 61-76 in Yellowstone wolves: science
and discovery in the World’s First National Park (D. W. Smith,
D. R. Stahler, and D. R. MacNulty, eds.). University of Chicago
Press. Chicago, Illinois.

Cruccr, P., L. ArToNI, F. CrispiNO, E. TosoNI, AND L. BOITANI.
2018. Inter-pack, seasonal and annual variation in prey consumed
by wolves in Pollino National Park, southern Italy. European
Journal of Wildlife Research 64:5.

Cruccr, P, L. Borrang, E. R. PELLIccIONI, M. Rocco, AND 1. Guy.
1996. A comparison of scats-analysis methods to assess the diet of
the wolves (Canis lupus). Wildlife Biology 2:37-48.

Cruccl, P, E. TosonNi, AND L. Bortani. 2004. Assessment of the
point-frame method to quantify wolf Canis lupus diet by scat anal-
ysis. Wildlife Biology 10:149-153.

DE MARINIS, A. M., AND A. AsPREA. 2006. Hair identification key
of wild and domestic ungulates from southern Europe. Wildlife
Biology 12:305-320.

DERBRIDGE, J. J., P. R. KRAUSMAN, AND C. T. DARIMONT. 2012.
Using Bayesian stable isotope mixing models to estimate wolf
diet in a multi-prey ecosystem. Journal of Wildlife Management
76:1277-1289.

EsTES, J. A., ET AL. 2011. Trophic downgrading of planet Earth.
Science 333:301-306.

Forges, G. J., AND J. B. THEBERGE. 1996. Response by wolves to
prey variation in central Ontario. Canadian Journal of Zoology
74:1511-1520.

ForTiN, D., H. L. BEYER, M. S. BoYcCE, D. W. SMITH, T. DUCHESNE,
AND J. S. Mao. 2005. Wolves influence elk movements: behavior
shapes a trophic cascade in Yellowstone National Park. Ecology
86:1320-1330.

FounD, R.,A. A.D. MCLAREN, A. R. RODGERS, AND B. R. PATTERSON.
2018. Diet of grey wolves (Canis lupus) during calving in a moose-
caribou system in northern Ontario. The Canadian Field-Naturalist
131:215-220.

FritTs, S. H., ET AL. 1997. Planning and implementing a reintro-
duction of wolves to Yellowstone National Park and central Idaho.
Restoration Ecology 5:7-27.

FriTTs, S. H., AND L. D. MECH. 1981. Dynamics, movements, and
feeding ecology of a newly protected wolf population in north-
western Minnesota. Wildlife Monographs 80:3-79.

GaBLE, T.D., S. K. WINDELS, AND J. G. BRUGGINK. 2017. The prob-
lems with pooling poop: confronting sampling method biases in


http://academic.oup.com/jmammal/article-lookup/doi/10.1093/jmammal/gyab060#supplementary-data
http://academic.oup.com/jmammal/article-lookup/doi/10.1093/jmammal/gyab060#supplementary-data
http://academic.oup.com/jmammal/article-lookup/doi/10.1093/jmammal/gyab060#supplementary-data
http://academic.oup.com/jmammal/article-lookup/doi/10.1093/jmammal/gyab060#supplementary-data
http://academic.oup.com/jmammal/article-lookup/doi/10.1093/jmammal/gyab060#supplementary-data
http://academic.oup.com/jmammal/article-lookup/doi/10.1093/jmammal/gyab060#supplementary-data
https://cran.r-project.org/web/packages/MuMIn/index.html
https://cran.r-project.org/web/packages/MuMIn/index.html

1040 JOURNAL OF MAMMALOGY

wolf (Canis lupus) diet studies. Canadian Journal of Zoology
95:843-851.

GaBLE, T. D., S. K. WINDELS, J. G. BRUGGINK, AND S. M. BARBER-
MEYER. 2018a. Weekly summer diet of gray wolves (Canis lupus) in
Northeastern Minnesota. American Midland Naturalist 179:15-27.

GaBLE, T. D., S. K. WINDELS, M. C. ROMANSKI, AND F. ROSELL.
2018b. The forgotten prey of an iconic predator: a review of inter-
actions between grey wolves Canis lupus and beavers Castor spp.
Mammal review 48:123-138.

HARRISON, X. A_, ET AL. 2018. A brief introduction to mixed effects
modelling and multi-model inference in ecology. PeerJ 6:e4794.
JIMENEZ, M. D., D. W. SMITH, D. S. GUERNSEY, AND R. F. KRISCHKE.
2007. Wyoming wolf recovery 2006 annual report. U.S. Fish and
Wildlife Service Rocky Mountain Wolf Recovery, US Fish and

Widlife Service, Ecological Services. Helena, Montana.

KAUFFMAN, M. J., J. F. BRODIE, AND E. S. JULES. 2010. Are wolves
saving Yellowstone’s aspen? A landscape-level test of a behavior-
ally mediated trophic cascade. Ecology 91:2742-2755.

KEeLLy, B. T. 1991. Carnivore scat analysis: an evaluation of existing
techniques and the development of predictive models of prey con-
sumed. M.S. thesis, University of Idaho. Moscow, Idaho.

KENNEDY, A.J., AND L. N. CARBYN. 1981. Identification of wolf prey
using hair and feather remains: with special reference to Western
Canadian National Parks. Canadian Wildlife Service, Western and
Northern Region. Edmonton, Alberta, Canada.

KLARE, U., J. E. KAMLER, AND D. W. MACDONALD. 2011. A compar-
ison and critique of different scat-analysis methods for determining
carnivore diet. Mammal Review 41:294-312.

K~oprr, K. H., A. A. KNOPFF, A. KORTELLO, AND M. S. BOYCE.
2010. Cougar kill rate and prey composition in a multiprey system.
Journal of Wildlife Management 74:1435-1447.

MacNuLTy, D. R., A. TALLIAN, D. R. STAHLER, AND D. W. SMITH.
2014. Influence of group size on the success of wolves hunting
bison. PLoS ONE 9:e112884.

Marucco, F., D. H. PLETSCHER, AND L. BoiTanI. 2008. Accuracy of
scat sampling for carnivore diet analysis: wolves in the Alps as a
case study. Journal of Mammalogy 89:665-673.

McCoLLEY, S. D., D. B. TYERrS, AND B. F. SOWELL. 2012. Aspen and
willow restoration using beaver on the northern Yellowstone winter
range. Restoration Ecology 20:450-455.

MEcH, D. L., anDp L. Borrant. 2003. Wolf Social ecology. Pp. 1-34
in Wolves: behavior, ecology, and conservation (L. D. Mech and
L. Boitani, eds.). University of Chicago Press. Chicago, Illinois.

MEecH, L. D., aND R. O. PeTERSON. 2003. Wolf-prey relations.
Pp. 131-160 in Wolves: behavior, ecology, and conservation
(L. D. Mech and L. Boitani, eds.). University of Chicago Press.
Chicago, Illinois.

MEcH, L. D., D. W. SmiTH, K. M. MURPHY, AND D. R. MACNULTY.
2001. Winter severity and wolf predation on a formerly wolf-free
elk herd. Journal of Wildlife Management 65:998—1003.

MERIGGI, A., A. BRANGI, C. MATTEUCCI, AND O. SACCHI. 1996. The
feeding habits of wolves in relation to large prey availability in
northern Italy. Ecography 19:287-295.

MeTz, M. C., D. W. SMITH, D. R. STAHLER, D. R. MAcCNULTY,
AND M. HEBBLEWHITE. 2020a. Wolf predation on elk in a multi-
prey environment. Pp. 169-183 in Yellowstone wolves: science
and discovery in the World’s First National Park (D. W. Smith,
D. R. Stahler, and D. R. MacNulty, eds.). University of Chicago
Press. Chicago, Illinois.

MEeTtz, M. C., ET AL. 2020b. What wolves eat and why. Pp. 157-168
in Yellowstone wolves: science and discovery in the World’s First

Downloaded From: https://bioone.org/journals/Journal-of-Mammalogy on 17 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

National Park (D. W. Smith, D. R. Stahler, and D. R. MacNulty,
eds.). University of Chicago Press. Chicago, Illinois.

MEeTz, M. C., D. W. SmITH, J. A. VUCETICH, D. R. STAHLER, AND
R. O. PETERSON. 2012. Seasonal patterns of predation for gray
wolves in the multi-prey system of Yellowstone National Park.
Journal of Animal Ecology 81:553-563.

MEeTz, M. C., J. A. VUCETICH, D. W. SmITH, D. R. STAHLER, AND
R. O. PeTERSON. 2011. Effect of sociality and season on gray
wolf (Canis lupus) foraging behavior: implications for estimating
summer kill rate. PLoS ONE 6:¢17332.

MiLakovic, B., AND K. L. PARKER. 2011. Using stable isotopes to de-
fine diets of wolves in northern British Columbia, Canada. Journal
of Mammalogy 92:295-304.

MooRrEg, T.D.,L.E. SPENCE, AND C. E. DUGNOLLE. 1974. Identification
of the dorsal guard hairs of some mammals of Wyoming. Wyoming
Game and Fish Department. Cheyenne, Wyoming.

NELSON, A. A., ET AL. 2012. Elk migration patterns and human
activity influence wolf habitat use in the Greater Yellowstone
Ecosystem. Ecological Applications 22:2293-2307.

NEwsoME, T. M., ET AL. 2016. Food habits of the world’s grey
wolves. Mammal Review 46:255-269.

Nowak, S., R. W. MyYsStAJEK, A. KELOSINSKA, AND G. GABRYS.
2011. Diet and prey selection of wolves (Canis lupus) recol-
onising Western and Central Poland. Mammalian Biology
76:709-715.

PAINTER, L. E., R. L. BESCHTA, E. J. LARSEN, AND W. J. RIPPLE. 2015.
Recovering aspen follow changing elk dynamics in Yellowstone:
evidence of a trophic cascade? Ecology 96:252-263.

PaLacios, V., AND L. D. MEcH. 2011. Problems with studying wolf
predation on small prey in summer via global positioning system
collars. European Journal of Wildlife Research 57:149-156.

PETERSON, R. O., aAND P. Cruccl. 2003. The wolf as a carnivore.
Pp. 104-130 in Wolves: behavior, ecology, and conservation
(L. D. Mech and L. Boitani, eds.). University of Chicago Press.
Chicago, Illinois.

PETERSON, R. O., J. D. WOOLINGTON, AND T. N. BAILEY. 1984.
Wolves of the Kenai Peninsula, Alaska. Wildlife Monographs
88:3-52.

PivLoTT, D. H., J. SHANNON, AND G. KOLENOSKY. 1969. The ecology
of the timber wolf in Algonquin Provincial Park. Department of
Lands and Forests. Toronto, Ontario, Canada.

PRUGH, L. R., ET AL. 2009. The rise of the mesopredator. BioScience
59:779-791.

QuimBy, D. C., AND J. E. GaaB. 1957. Mandibular dentition as an age
indicator in Rocky Mountain elk. Journal of Wildlife Management
21:435-451.

R DEVELOPMENT CORE TEAM. 2020. R: a language and environment
for statistical computing. R Foundation for Statistical Computing.
Vienna, Austria. www.R-project.org/. Accessed 14 May 2021.

ReyNoLDS, J. C., AND N. J. AEBISCHER. 1991. Comparison and
quantification of carnivore diet by faecal analysis: a critique, with
recommendations, based on a study of the fox Vulpes vulpes.
Mammal Review 21:97-122.

RICKBEIL, G. J. M., ET AL. 2019. Plasticity in elk migration timing is
a response to changing environmental conditions. Global Change
Biology 25:2368-2381.

RippLE, W. J., ET AL. 2014a. Status and ecological effects of the
world’s largest carnivores. Science 343:1241484.

RipPLE, W.J.,R. L. BESCHTA, J. K. FORTIN, AND C. T. ROBBINS. 2014b.
Trophic cascades from wolves to grizzly bears in Yellowstone. The
Journal of Animal Ecology 83:223-233.


http://www.R-project.org/

LODBERG-HOLM ET AL.—TEMPORAL AND SPATIAL WOLF SUMMER DIET 1041

RoBIN, X., ET AL. 2011. pROC: an open-source package for R and S+
to analyze and compare ROC curves. BMC Bioinformatics 12:77.

RutH, T. K., ET AL. 2003. Large-carnivore response to recrea-
tional big-game hunting along the Yellowstone National Park
and Absaroka-Beartooth Wilderness boundary. Wildlife Society
Bulletin 31:1150-1161.

SAND, H., P. WABAKKEN, B. ZIMMERMANN, O. JOHANSSON,
H. C. PEDERSEN, AND O. LIBERG. 2008. Summer kill rates and pre-
dation pattern in a wolf-moose system: can we rely on winter esti-
mates? Oecologia 156:53-64.

SAND, H., B. ZIMMERMANN, P. WABAKKEN, H. ANDREN, AND
H. C. PEDERSEN. 2005. Using GPS technology and GIS cluster ana-
lyses to estimate kill rates in wolf-ungulate ecosystems. Wildlife
Society Bulletin 33:914-925.

SCRAFFORD, M. A., D. B. TYERS, D. T. PATTEN, AND B. F. SOWELL.
2018. Beaver habitat selection for 24 yr since reintroduction north
of Yellowstone National Park. Rangeland Ecology & Management
71:266-273.

SmitH, D. W., T. D. DRUMMER, K. M. MURPHY, D. S. GUERNSEY,
AND S. B. Evans. 2004. Winter prey selection and estimation of
wolf kill rates in Yellowstone National Park, 1995-2000. Journal
of Wildlife Management 68:153—166.

SmitH, D. W., R. O. PETERSON, AND D. B. Houston. 2003.
Yellowstone after wolves. BioScience 53:330-340.

SokAL, R. R., AND F. J. ROHLF. 1995. Biometry: the principles and
practice of statistics in biological research. 3rd ed. W. H. Freeman
and Company. New York, New York.

SPAULDING, R. L., P. KRAUSMAN, AND W. BALLARD. 1998. Summer
diet of gray wolves, Canis lupus, in northwestern Alaska. Canadian
Field-Naturalist 112:262-266.

SPAULDING, R., P. KRAUSMAN, AND W. B. BALLARD. 2000. Observer
bias and analysis of gray wolf diets from scats. Wildlife Society
Bulletin 28:947-950.

STAHLER, D. R., D. W. SMITH, AND D. S. GUERNSEY. 2006. Foraging
and feeding ecology of the gray wolf (Canis lupus): lessons from
Yellowstone National Park, Wyoming, USA. The Journal of
Nutrition 136:19235-1926S.

STANEK, A. E., N. WoLF, G. V. HILDERBRAND, B. MANGIPANE,
D. CAUSEY, AND J. M. WELKER. 2017. Seasonal foraging strategies
of Alaskan gray wolves (Canis lupus) in an ecosystem subsidized
by Pacific salmon (Oncorhynchus spp.). Canadian Journal of
Zoology 95:555-563.

STEENWEG, R., M. P. GILLINGHAM, K. L. PARKER, AND D. C. HEARD.
2015. Considering sampling approaches when determining carni-
vore diets: the importance of where, how, and when scats are col-
lected. Mammal Research 60:207-216.

Downloaded From: https://bioone.org/journals/Journal-of-Mammalogy on 17 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

TrEJO, B. S. 2012. Comparison of two methods used to charac-
terize the summer diet of gray wolves (Canis lupus). M.S. thesis,
Humboldt State University. Arcata, California.

TREMBLAY, J.- P., H. JOLICOEUR, AND R. LEMIEUX. 2001. Summer
food habits of gray wolves in the boreal forest of the lac Jacques-
Cartier Highlands, Québec. Alces 37:1-12.

Tyers, D. B. 2003. Winter ecology of moose on the northern
Yellowstone winter range. Ph.D. dissertation, Montana State
University. Bozeman, Montana.

Tyers, D. B. 2006. Moose population history on the northern
Yellowstone winter range. Alces 42:133-149.

VoiGrt, D. R., G. B. KOLENOSKY, AND D. H. PiMLOTT. 1976. Changes
in summer foods of wolves in central Ontario. The Journal of
Wildlife Management 40:663-668.

VUCETICH, J. A., D. W. SmiTH, AND D. R. STAHLER. 2005. Influence
of harvest, climate and wolf predation on Yellowstone elk, 1961—
2004. Oikos 111:259-270.

WEAVER, J. L. 1993. Refining the equation for interpreting prey oc-
currence in gray wolf scats. Journal of Wildlife Management
57:534-538.

WEAVER, J. L., AND S. H. FritTs. 1979. Comparison of coyote and
wolf scat diameters. Journal of Wildlife Management 43:786-788.

WEBB, N. F., M. HEBBLEWHITE, AND E. H. MERRILL. 2008. Statistical
methods for identifying wolf kill sites using global positioning
system locations. Journal of Wildlife Management 72:798-807.

WxiTE, P. J., K. M. ProrrirT, L. D. MECH, S. B. EVANS,
J. A. CunNINGHAM, AND K. L. HamLIN. 2010. Migration of
northern Yellowstone elk: implications of spatial structuring.
Journal of Mammalogy 91:827-837.

WILLIAMSON, V. H. H. 1951. Determination of hairs by impressions.
Journal of Mammalogy 32:80-84.

WOODRUFF, S. P., AND M. D. JIMENEZ. 2019. Winter predation pat-
terns of wolves in northwestern Wyoming. Journal of Wildlife
Management 83:1352-1367.

YELLOWSTONE NATIONAL PARK. 2015. Resources and issues hand-
book: 2015. Yellowstone National Park, Wyoming.

ZUUR, A. F., AND E. N. IENo. 2016. A protocol for conducting and
presenting results of regression-type analyses. Methods in Ecology
and Evolution 7:636-645.

ZUUR, A. F, E. N. IeNo, AND C. S. ELPHICK. 2010. A protocol for
data exploration to avoid common statistical problems. Methods in
Ecology and Evolution 1:3-14.

Submitted 18 March 2020. Accepted 26 April 2021.

Associate Editor was Patrick Zollner.



