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Abstract

Apex predators exert suppressive effects on mesocarnivores; however, they also provide important carrion subsidies. Optimal
foraging theory predicts that individuals respond to resource competition by using high-value resources, while competition
theory predicts that individuals respond by partitioning resources. This study investigated how the return of wolves (Canis
lupus Linneas, 1758) to Washington state impacted the diet of a subordinate carnivore—the coyote (Canis latrans Say, 1823). We
collected coyote scats from two areas of northern Washington with differing wolf densities and used traditional analysis of
undigested remains to infer diet. We tested for differences in the volumes of prey categories, the proportion of ungulate prey
that was scavenged, and diet diversity between seasons, study sites, and inside and outside of wolf pack territories. Coyote
scats contained more adult ungulate remains inside of wolf pack territories (27%) compared to outside (14%), while seeds and
berries were more commonly consumed outside of wolf pack territories (23%) than inside of wolf pack territories (4%). These
findings suggest that coyotes are taking advantage of wolf kills to increase ungulate carrion consumption, as predicted by
optimal foraging theory, which may substantially affect plant and wildlife communities as wolves continue to recover and

coyote diets shift in response.
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Introduction

Apex predators can suppress populations of subordinate
carnivores both directly and indirectly across wide geo-
graphic scales through behavioral changes, competition for
resources, or mortality for the subordinate species (Letnic et
al. 2011; Newsome et al. 2017), which can have important
cascading effects on ecosystems (Prugh et al. 2009). However,
these negative intraguild interactions, which can result in be-
havioral changes, competition for resources, or mortality for
the subordinate species, can occur alongside positive asso-
ciations, like facilitation. A global meta-analysis found that
about one-third of mesocarnivore mortalities are attributed
to large carnivores, yet mesocarnivores also rely on ungu-
late carrion for about one-third of their diet (Prugh and Sivy
2020). As a result, facilitation by way of carrion subsidies may
partially offset the costs of negative interactions; however,
the net effects of these positive and negative interactions be-
tween apex predator and mesocarnivore populations remain
poorly understood.

Understanding how carnivores partition resources on the
landscape and the extent to which apex predators provi-
sion carrion resources to mesocarnivores is central to un-
tangling these positive and negative interactions. Accord-
ing to optimal foraging theory, individuals should respond
to competition for resources by focusing use on resources
with the highest net value (Macarthur and Pianka 1966). For
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example, fishers (Pekania pennanti (Erxleben, 1777)) and
marten (Martes americana (Turton, 1806)) both use high-value
carrion resources where sympatric despite the potential for
intraguild predation (Kautz et al. 2021). Alternatively, com-
petition theory suggests that individuals should respond
to competition for limited resources by partitioning them
(Schoener 1974; Sivy et al. 2018). For example, tigers (Panthera
tigris tigris (Linnaeus, 1758)), leopards (Panthera pardus (Lin-
naeus, 1758)), and dholes (Cuon alpinus (Pallas, 1811)) in Cen-
tral India have been found to partition resources to reduce
the risk of intraguild competition by preying on ungulates of
significantly different sex, age, and body size (Majumder et al.
2013). Examining the diet of mesocarnivore species in areas
where apex predators are newly reestablished can provide a
unique opportunity to investigate the relative contributions
of optimal foraging and competition theories to understand-
ing carnivore community dynamics.

The distribution of coyotes (Canis latrans Say, 1823) has ex-
panded across North America following the near-extirpation
of grey wolves (Canis lupus Linnaeus, 1758) from the Ameri-
can West by European settlers (Hody and Kays 2018). As wolf
populations recover through reintroductions and natural re-
colonization, interactions between the two species have been
of increasing interest. The body size ratio of wolves and coy-
otes, along with similarities in their morphology and diet,
makes the risk of interference competition and interspecific
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killing particularly high (Donadio and Buskirk 2006; Prugh
and Sivy 2020). Where wolves reach ecologically effective den-
sities, coyote densities tend to decrease, and they may avoid
wolves by changing their resource use and activity patterns
(Atwood and Gese 2010; Ripple et al. 2013). However, coyotes
coexist with and readily scavenge from wolf kills throughout
much of their range, and considerable uncertainty remains
regarding the nature of their interactions in areas of wolf re-
covery.

We investigated how the return of wolves to Washington
state has affected coyote diet, taking advantage of this nat-
ural quasi-experiment to identify the key processes under-
lying resource use by a subordinate carnivore. Wolves were
extirpated from Washington by the 1930s (Washington De-
partment of Fish and Wildlife 2017b), just as coyotes began
expanding into new areas of the state (Hody and Kays 2018).
In 2008, the first breeding wolf pack in Washington since
extirpation was discovered, and by the end of 2021, there
were a minimum of 206 wolves and 33 packs in the state
(Washington Department of Fish and Wildlife et al. 2022).
A recent study found that coyotes strongly avoid core wolf
home ranges in Washington (Prugh et al. 2023), but the im-
pact of wolf recovery on resource use by coyotes remains
poorly understood.

If coyotes respond to the presence of wolves according to
optimal foraging theory, coyotes should increase their use
of valuable resources like carrion from wolf-killed ungulates
(Macarthur and Pianka 1966; Sivy et al. 2018). Coyotes ef-
fectively scavenge wolf Kills (Arjo et al. 2002; Wilmers et al.
2003), and scavenging could be advantageous to coyotes be-
cause they face risk of injury, high energy expenditure, and
low success rates when hunting ungulates (Atwood 2006).
Further, in areas with wolves, coyote diet consists mainly of
scavenged wolf-Kkilled elk (Cervus canadensis Erxleben, 1777;
Paquet 1992), and coyote diet consisted mainly of lagomorphs
and plants before wolf recolonization in Montana and shifted
to ungulates afterwards (Arjo and Pletscher 1999). These
findings support the hypothesis that wolf recolonization in-
creases the amount of ungulate carrion available to coy-
otes, which could ultimately bolster coyote populations (Arjo
and Pletscher 1999; Wilmers 2004). Conversely, if coyotes
respond according to competition theory, lagomorphs and
other small prey items would be of increasing importance in
coyote diet where wolves are present (Sivy et al. 2018). Ungu-
late population densities are also typically lower in the pres-
ence of wolves, resulting in a decrease in prey and winter-
killed ungulate carrion for coyotes (Leopold et al. 1947; Ripple
et al. 2011)—an effect that contributed to the loss of coyotes
from Isle Royale (Krefting 1969). Scavenging large carnivore
kills may also substantially increase risk of mortality for coy-
otes due to an increased chance of encountering dominant
carnivores (Sivy et al. 2017; Klauder et al. 2021a; Ruprecht
et al. 2021). Thus, competition with wolves could increase
resource partitioning and reduce ungulate consumption by
coyotes.

We collected coyote scats from two areas of northern Wash-
ington with differing wolf densities to quantify differences in
coyote diet. We tested for differences in the volumes of prey
categories and diet diversity between seasons, study sites, and

inside and outside of wolf pack territories. We also identified
ungulate prey items by species and age class to infer which
ungulate prey were likely killed by coyotes and which were
likely scavenged. If optimal foraging is the dominant process
determining the diet of coyotes in the presence of wolves, we
expect coyote scats collected inside of wolf pack territories
and in the study site containing more wolf packs to have a
greater frequency of ungulate remains compared to scats col-
lected outside of wolf pack territories and in the study site
containing fewer wolf packs. If resource partitioning is the
dominant process, we expect scats collected inside of wolf
pack territories and in the study site containing more wolf
packs to have a lower frequency of ungulate remains and a
higher diversity of dietary items compared to scats collected
outside of wolf pack territories and in the study site contain-
ing fewer wolf packs. If wolf presence has minimal impact
on coyote diet, we expect to find no differences in coyote di-
ets between the two study sites or inside and outside of wolf
pack territories.

Materials and methods

Study area

This study took place in two large study areas (each
~5000 km?) in northern Washington as part of the Wash-
ington Predator Prey Project (Fig. 1). The first site (hereafter,
high wolf density site) centered around Chewelah, WA, in
northeastern Washington (48.2763, —117.7155) and was dom-
inated by managed montane conifer forests at higher eleva-
tions above around 600 m, and agricultural lands along val-
ley floors. The second site (hereafter, low wolf density site)
centered around Winthrop, WA, in north-central Washing-
ton (48.4779, —120.1862) included a mix of shrub-steppe and
coniferous forest habitat above elevations of around 600 m,
with residential and agricultural development along valley
floors. The high and low wolf density sites have very simi-
lar weather patterns for average highs (29 and 28 °C, respec-
tively), lows (—8 and —9 °C, respectively), and annual precip-
itation (52 and 57 cm, respectively) (U.S. Climate Data 2023).
The high wolf density site had an average of 0.62 km of road
per km?, while the low wolf density site had an average of
0.36 km per km? (WSDOT Online Map Center 2015), but both
sites had similar population densities (4.9 people per km? at
the high wolf density site and 4.1 people per km? at the low
wolf density site; U.S. Census Bureau 2020). Both sites were
also home to 48 mammal species from the orders Cetartio-
dactyla, Carnivora, Eulipotyphla, Lagomorpha, and Roden-
tia (Lester 1997; Verts and Carraway 1998), while an addi-
tional eight species occurred only in the low wolf density
site and four species occurred only in the high wolf density
sitel. Ungulate species found in both sites consisted of mule
deer (Odocoileus hemionus (Rafinesque, 1817)), white-tailed deer
(Odocoileus virginianus (Zimmermann, 1780)), and moose (Al-
ces alces (Linnaeus, 1758)). Elk occurred only in the high wolf
density site, whereas mountain goats (Oreamnos americanus
(Blainville, 1816)) and bighorn sheep (Ovis canadensis Shaw,

1See Table S1 in Supplementary Materials.
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Fig. 1. Locations of collected coyote (Canis latrans) scats, study site boundaries, scat collection transects, and the territories of
collared wolf (Canis lupus) packs in Washington State, USA, during the study periods in 2018 and 2019. Wolf pack territories
are represented as 95% utilization distributions for each pack during each season using package “adehabitatHR” in program
R Version 4.3.2 (Calenge 2006). This map shows the summer and winter territories overlaid together for all packs. Figure was
created in ArcGIS Pro Version 3.0.2 (Esri Inc. 2022) using the following data sources: study area boundary from the Washington
Department of Fish and Wildlife (2017a), Washington State boundary from the Washington Department of Natural Resources
(2017), hillshade from Esri Inc. (2018), and polygon of North America from the United States Department of State Office of the

Geographer (2013).
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1804) occurred only in the low wolf density site (Lester 1997).
Deer (mule deer and/or white-tailed deer) were by far the
most common ungulates across both sites, with all other
species being less abundant (Bassing et al. 2023). Differences
in the densities of other species between sites are not known.
Both sites are also home to other large carnivores: black bears
(Ursus americanus Pallas, 1780) and cougars (Puma concolor (Lin-
naeus, 1771)), with cougars widely distributed across both
sites (Bassing et al. 2023).

Wolf density was over four times higher at the high
wolf density site, with an average minimum density of 0.58
wolves/100 km?, than the low wolf density site, which had an
average minimum density of 0.14 wolves/100 km?. The low
wolf density site overlapped with the territories of two wolf
packs during the period of scat collection, Loup Loup (min-
imum of two wolves in December 2017 and five wolves in
December 2018) and Lookout (minimum of three wolves in
December 2017 and five wolves in December 2018) (Fig. 1).
Meanwhile, the high wolf density site overlapped with the
territories of four packs: Stranger (minimum of three wolves
in December 2017 and four wolves in December 2018), Dirty
Shirt (minimum of seven wolves in December 2017 and three
wolves in December 2018), Huckleberry (minimum of six
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wolves in both years), and Carpenter Ridge (minimum of 13
wolves in December 2017 and 11 wolves in December 2018)
(Washington Department of Fish and Wildlife et al. 2018,
2019). All packs contained collared individuals, but Huckle-
berry was not included in the analysis because no transects
were sampled in the Huckleberry wolf pack range. While it
is possible that lone or dispersing wolves passed through the
study sites, lone wolves are thought to make up a small pro-
portion of the population (Washington Department of Fish
and Wildlife et al. 2018).

Scat collection and preparation

Scats were primarily collected from transects that were
surveyed monthly (Fig. 1), with additional scats collected op-
portunistically at both sites during winter (January-March)
2018, summer (mid-June to mid-September) 2018, and winter
(January-March) 2019. Transects were selected to provide cov-
erage of the whole study area, both inside and outside of wolf
pack territories, using areas that were publicly accessible,
such as Forest Service roads, or where landowners granted
permission. Scats were stored frozen, sterilized at —80 °C for
2 weeks, and then we determined species of origin by molec-
ular analysis of mitochondrial DNA, as described in Ganz et
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al. (2022b). Scats attributed to coyotes were washed until only
undigested remains were left and allowed to air dry (Prugh et
al. 2008).

Prey identification

To identify diet items, we placed each scat in a tray, and
sorted the contents—such as hairs, bones, teeth, exoskele-
tons, seeds, leaves, and rocks—into piles based on apparent
similarity in color, length, thickness, or other identifying fea-
tures. These piles were considered one prey “item” unless fur-
ther analysis revealed the need for subdivision or combina-
tion of piles. We compared hair, bones, teeth, or claws to a
reference collection of skins, skulls, and hairs of all mam-
mal species occurring in the study area, as well as to iden-
tification guides (Moore et al. 1974). Identifying prey species
from hair is possible because the structure of animal hair re-
mains intact after digestion (Smith 1958; Tintner et al. 2020),
and the majority of the hairs were complete. We examined
multiple hairs from each pile to confirm prey identity, but
only complete hairs with visible follicles and tips were used
for measurements or for comparing characteristics that may
vary along the length of the hair. Hairs were placed on slides
and viewed under a microscope to discern medulla patterns,
and scale casts were taken when necessary by placing hairs on
a slide cover coated in clear nail polish. Once the nail polish
was dry, the hair was removed, leaving an impression of the
scale pattern, which was used to help identify the species of
origin (Brunner and Coman 1974). We also used hair length,
color pattern, and diameter, which we measured at the mid-
point of the hairs with the Nurugo Micro Smartphone Mi-
croscope (Nurugo, Seoul, Republic of Korea), to help identify
species of origin. Nearly all items were identifiable through
these methods, and we grouped any remaining items into the
“other” category (Table 1).

After taxonomic identification, we identified ungulate
hairs from summer scats as either adult or juvenile, resulting
in four species- and aged-based categories of ungulate prey:
deer (adult deer), elk (adult elk), moose (adult moose), and
juvenile ungulates (summer hair attributed to moose calves,
elk calves, or deer fawns). Juvenile ungulates were not catego-
rized by species due to the difficulty of accurately determin-
ing species from these hairs where deer and elk ranges over-
lapped. Differentiation between age classes was informed in
part by differences in diameter. Deer hairs with diameters un-
der 100 um were considered juvenile, while deer hairs with
diameters over 100 um were considered adult (Calhoun et al.
2019). We confirmed this threshold with reference samples
from radio-collared fawns and adults in the study area. Com-
parison of elk calf and adult elk reference samples, as well as
hair diameter ranges from Moore et al. (1974), showed that a
cutoff of approximately 125 pm differentiated adult and juve-
nile elk, but diameter alone was not sufficient to determine
age class where elk and deer coexist because of the possibil-
ity for overlap in diameter ranges between different ungu-
late species and age classes. Observation revealed that both
fawn and elk calf hairs shared a distinct color pattern—a dark
tip blending into orange-brown, blending into white toward
the follicle—that could also be used to identify juveniles for

both species. Color pattern was important because juvenile
elk and adult deer hair could have similar diameters. How-
ever, due to the similar color patterns and lengths, as well
as the possibility for overlapping diameter, we could not re-
liably distinguish deer fawn hairs from elk calf hairs where
their ranges overlapped. Moose calf and adult deer hairs also
shared similar diameters and color patterns, so they were dif-
ferentiated by length, with hairs less than 8 cm long classi-
fied as adult deer (Moore et al. 1974). Ungulate hairs collected
in winter could not be identified to age class because hair
diameter cannot be used to discern age class after the first
molt (Calhoun et al. 2019). Thus, ungulate age class was de-
termined for summer-collected scats only.

Once all items in the scat had been identified and sorted,
we estimated the percent volume of each prey item pile to
the nearest percent. This estimate was primarily based on
the volume of hair present because the amount of bones
recovered relative to the amount consumed can be highly
variable, while the amount of hair recovered was found to
be much less variable (Kelly and Garton 1997). Trace items
under 1% of volume were omitted since they could repre-
sent contamination from the ground. The total volume of all
items summed to 100% for each scat (calculated excluding
trace items). We recorded the volume of each item because
using multiple methods to describe diet—frequency of con-
sumption and volume consumed—balances the importance
of items eaten frequently with items eaten in large volumes
(zabala and Zuberogoitia 2003).

Data analysis

We used a permutational analysis of variance (PER-
MANOVA) to investigate the impact of season, study site, and
wolf presence on coyote diet. To approximate the territories
of wolf packs during the study, we created 95% utilization dis-
tributions for each pack during each season using package
“adehabitatHR” in program R Version 4.3.2 (Calenge 2006).
The size and location of territories varied between seasons
as wolves moved between winter and summer ranges. We
used locations provided by the Washington Department of
Fish and Wildlife from GPS-collared wolves in each pack to
generate the distributions, spanning from 1 month before
scat collection began to when scat collection finished for the
season. On average, there were 1.5 collared wolves per pack
statewide, and most wolves collared in 2017 and 2018 were
adults (Washington Department of Fish and Wildlife et al.
2018, 2019). We mapped the scats collected along with the
pack distributions from the corresponding season to deter-
mine whether each scat was collected inside or outside of a
wolf pack territory.

To prepare the diet data for PERMANOVA tests, we divided
prey items into groups based primarily on taxonomy, result-
ing in 13 categories (Table 1). Leporids and small mammals
were grouped separately to allow for comparison of the role
of leporids in coyote diet with previous studies. We excluded
items that occurred in less than 5% of scats (trash, reptiles,
and other)—or made up less than 2.5% of the diet by volume
(birds, carnivores, domestic cattle, insects, and sciurids)—
from the PERMANOVA and related tests because such rare
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Table 1. All prey items, their frequency of occurrence (the number of scats in which they appeared), and the percent
volume of the overall diet from coyote (Canis latrans) scats (n = 284) collected in northern Washington, USA.

Prey category

Frequency of occurrence Percent volume

Plant matter
Seeds and berries
Carnivore
Raccoon (Procyon lotor (Linnaeus, 1758))
Black bear (Ursus americanus)
Striped skunk (Mephitis mephitis (Schreber, 1776))
General carnivore
Leporid
Snowshoe hare (Lepus americanus)
Nuttall’s cottontail (Sylvilagus nuttalii (Bachman, 1837))
General leporid
Sciurid
Chipmunk (Tamias spp.)
Tree squirrel
Small ground squirrel
Columbian ground squirrel (Urocitellus columbianus (Ord, 1815))
Marmot (Marmota spp.)
Small mammal
Small rodent
Mouse
Western jumping mouse (Zapus princeps J. A. Allen, 1893)
Great Basin pocket mouse (Perognathus parvus (Peale, 1848))
Vole
Red-backed vole (Clethrionomys gapperi (Vigors, 1830))
Northern pocket gopher (Thomomys talpoides (Richardson, 1828))
Bushy-tailed woodrat (Neotima cinerea (Ord, 1815))
Shrew (Sorex spp.)
General small mammal
Ungulate
Moose (Alces alces)
Elk (Cervus elaphus)
Deer (Odocoileus spp.)
General ungulate
Domestic cattle
Reptile
Bird
Insect
Trash
Other

247 17.2
116 17.4
16 1.6
4 0.5
1 0.3

0.6
0.3
54 114
17 3.4
1 0.09
36 7.9
17 0.92
1 0.09
5 0.31
6 0.29
3 0.046
2 0.19
174 23.2
22 2.2
5 0.7
0.1
1 0.1
62 10.5
2 0.2
23 2.8
1.0
3 0.2
51 5.4
145 24.0
6 1.5
15 2.9
103 16.0
21 3.6
18 2.0
8 0.2
29 0.8
54 0.8
0.3
0.2

Note: The percent volume was estimated to the nearest percent based primarily on the volume of hair present in each scat. Trace items under 1% of volume
were disregarded since they could represent contamination from the ground or the washing process. The total volume of all items summed to 100% for each

scat (calculated excluding trace items).

items are of limited interest when examining changes in
primary coyote diet items (McCune et al. 2002). All items were
included for the analyses of diet diversity.

We used the “vegan” package in program R to con-
duct community analyses based on Bray-Curtis matrices,
which are recommended for ecological data with a high
proportion of 0 abundances (McCune et al. 2002; Oksanen
et al. 2019). We conducted a PERMANOVA to test for
the effects of season (if the scat was collected in sum-
mer or winter), site (if the scat was collected from the
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low wolf density or high wolf density site), and pack
(if the scat was collected from inside or outside of a
wolf pack territory) on coyote diet. Results were visual-
ized by creating nonmetric dimensional scaling (NMDS)
plots with stress < 0.2, using a maximum of 200 itera-
tions (Clarke 1993). Plots were overlaid with dispersion el-
lipses visualizing one standard deviation of the diet for
each level of the covariate specified (Hill et al. 2015).
We investigated any significant results with a similar-
ity percentage analysis (SIMPER) with permutation tests,
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Fig. 2. Overall percent volume of coyote (Canis latrans) diet (n = 284) attributed to each prey type, including 95% confidence
intervals. Ungulate, small mammal, seeds and berries, plant matter, and leporid were the five most important prey items
overall, while all other prey items each made up less than 5% of the diet by volume. Percent volume was estimated to the
nearest percent based primarily on the volume of hair present in each scat. Trace items under 1% of volume were disregarded
since they could represent contamination from the ground or the washing process. The total volume of all items summed to
100% for each scat (calculated excluding trace items). Confidence intervals were generated using bootstrapping resampling
(n = 10000) and the adjusted bootstrap percentile (BC,) method (Efron 1987; DiCiccio and Efron 1996; Manly 2006).
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which allowed us to attribute the dissimilarity in diet
detected in the PERMANOVA to specific prey categories
(Clarke 1993).

We also calculated means and 95% confidence intervals for
percent volume of all 13 prey categories for the overall coyote
diet, as well as for each covariate category (summer, winter,
the high wolf density site, the low wolf density site, inside of
wolf packs, and outside of wolf packs). We generated confi-
dence intervals using bootstrapping resampling (n = 10 000)
and the adjusted bootstrap percentile (BC,) method (Efron
1987; DiCiccio and Efron 1996; Manly 2006). To facilitate
comparison with other studies, means and confidence inter-
vals for overall diet were also calculated using percent occur-
rence, instead of occurrence weighted by percent volume.

Lastly, we compared diet diversity between summer and
winter, the high and low wolf density sites, and inside and
outside of wolf pack territories. We calculated Shannon’s di-
versity index (H) for each of these covariate categories and
compared the diversity of the diets using t tests (Arjo et al.
2002; Zar 2010).

Ungulate consumption

Using the same methods as for the main diet analysis, we
calculated means and 95% confidence intervals for the per-
cent volume for deer, elk, moose, and juvenile ungulates con-
sumed overall, as well as for each covariate category. We di-
vided the ungulates consumed into two groups: likely pre-
dated (juvenile) and likely scavenged (adult). While coyotes
have occasionally been documented killing adult deer in the
western United States (Arjo et al. 2002), coyotes were respon-
sible for only 0.4% of adult mule deer mortalities in south-

eastern Idaho, yet they caused 12.8% of neonate mortalities
(Hurley et al. 2011). Patterns were similar in our study sites:
coyotes caused 2.3% of collared adult deer mortalities, no
adult elk mortalities, 13.5% of collared juvenile deer, and 3.3%
of elk calf mortalities (Ganz et al. 2022a). It is unlikely that
any consumption of juveniles could be scavenged from wolf
kills because wolves tend to leave little behind when they pre-
date deer fawns (Homkes 2021). We calculated means and 95%
confidence intervals for percent volume likely scavenged for
the high wolf density site, the low wolf density site, inside of
wolf packs, and outside of wolf packs.

Results

We used 284 coyote scats in the diet analysis, with 154 (54%)
collected in the summer and 130 (46%) in the winter. Of the
284 scats, 102 (36%) were from the high wolf density site and
182 (64%) were from the low wolf density site, and wolf uti-
lization distributions revealed that 82 scats (29%) had been
collected inside of wolf pack territories and 202 (71%) had
been collected outside of wolf pack territories (Fig. 1). Of the
82 scats collected inside of wolf pack territories, 57 (70%) were
from the high wolf density site and 25 (30%) were from the
low wolf density site, and for the 202 scats collected outside of
wolf pack territories, 45 (22%) were from the high wolf den-
sity site and 157 (78%) were from the low wolf density site.
Five items made up over 90% of the coyote diet by volume:
ungulate (24%), small mammal (23%), seeds and berries (17%),
plant matter (17%), and leporids (11%) (n = 284). Each of the
remaining categories made up less than 2.5% of the overall
diet (Table 1), and they were excluded from the PERMANOVA
(Fig. 2).
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Fig. 3. Percent volume of coyote (Canis latrans) diets attributed to each prey type, with 95% confidence intervals, in (a) summer
(n = 154) and winter (n = 130), (b) the high wolf (Canis lupus) density (n = 102) and low wolf density sites (n = 182), and (c)
inside (n = 82) and outside of wolf pack territories (n = 202). Ungulates and leporids made up a larger part of coyote diet in
the winter, while small mammals, seeds and berries, and plant matter making up a larger part in the summer. Ungulates and
small mammals were consumed at higher volumes at the high wolf density site than at the low wolf density site.
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More ungulate remains were found in scats collected in
the high wolf density site (32%, 95% CI [25%-40%|, n = 102)
than in the low wolf density site (20%, 95% CI [15%-25%],
n = 182; Fig. 3b). Similarly, more ungulate remains were
found in scats collected inside of wolf pack territories (34%,
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95% CI [26%-43%], n = 82) than outside of wolf pack ter-
ritories (20%, 95% CI [16%-25%], n = 202; Fig. 3c). Across
both sites, ungulate remains were the primary diet item
consumed in the winter (35%; 95% CI [28%—-42%], n = 130;
Fig. 3a), while small mammal was the primary diet item
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Table 2. Results of permutational analysis of variance testing for the effect of site
(high wolf (Canis lupus) density site vs. low wolf density site), season (summer Vvs.
winter), and pack (inside or outside of wolf pack territories) on coyote (Canis latrans)
diet composition from scats collected in northern Washington, USA.

Source daf Sum of squares R? F pr(>F)
Season 1 5.56 0.0649 20.3 0.001
Site 1 2.82 0.0329 10.3 0.001
Pack 1 0.667 0.00779 2.44 0.042
Residuals 280 76.6 0.894
Total 283 85.6 1.00

consumed in the summer (27%; 95% CI [22%-33%], n = 154; Diet diversity

Fig. 3a).

Factors affecting diet composition

Season, site, and pack all contributed significantly to vari-
ability in coyote diet, together accounting for 10.6% of overall
variability (PERMANOVA; Table 2). NMDS ordination axes of
coyote diet showed the most divergence in diet between sea-
sons (Fig. 4a); diets overlapped in ordination space around
plant matter, but summer diet was clustered around small
mammals near seeds and berries, while winter diet was more
diffuse and located closer to ungulates. There was major over-
lap between the high and low wolf density sites in ordination
space around small mammals and plant matter, but the dis-
persion ellipse representing diet at the high wolf density site
pointed closer to ungulates, while the low wolf density site
ellipse was closer to seeds and berries (Fig. 4b). The pattern of
differences in coyote diet inside and outside of wolf pack ter-
ritories was very similar to the differences between the high
and low wolf density sites, with the diet inside of wolf pack
territories oriented closer to ungulates and the diet outside
oriented closer to seeds and berries (Fig. 4c).

Prey items contributing to diet variability

Ungulates, small mammals, seeds and berries, plant mat-
ter, and leporids all made significant contributions to the
difference in coyote diet between winter (n = 130) and sum-
mer (n = 154) (SIMPER analysis; Table 3). Together, these prey
categories accounted for 75.7% of the difference in diet be-
tween seasons, with ungulates and leporids making up 51%
of coyote diet in the winter and small mammals, seeds and
berries, and plant matter making up 72% in the summer
(Fig. 3a). Ungulates and small mammals contributed signif-
icantly to the difference in diet between the study sites, to-
gether accounting for 38.0% of the variation in diet (Table 4).
Both were consumed at higher volumes at the high wolf den-
sity site than at the low wolf density site (Fig. 3b). Similarly,
ungulates and small mammals contributed significantly to
the difference in diet inside and outside of wolf pack ter-
ritories. They accounted for 39.3% of the variation in diet
(Table 5), and both were consumed at higher volumes at the
high wolf density site than at the low wolf density site (Fig.
3b).

Diet diversity did not differ significantly between seasons
(Shannon diversity index H = 1.33 in winter and H = 1.29 in
summer; t = 0.214, df = 272, p = 0.83), study sites (H' = 1.44
at the high wolf density site and H' = 1.49 at the low wolf
density site; t = —0.361, df = 257, p = 0.72), or within versus
outside wolf territories (H' = 1.36 inside of wolf packs and H’
= 1.53 outside of wolf packs; t = 1.13, df = 234, p = 0.26).

Ungulate prey consumption and scavenging

Of the 284 scats used in the diet analysis, 145 contained
ungulate prey and were used in the ungulate consumption
sub-analysis. Most of the volume of ungulates consumed dur-
ing the study was made up of adult deer (60.0%), followed by
juvenile ungulates (25.0%), adult elk (8.62%), and adult moose
(6.32%; Fig. 5). The order of importance of the ungulate cat-
egories was the same at both sites (omitting elk at the low
wolf density site where they were not present). In the sum-
mer, juvenile ungulates were consumed at volumes over 4
times higher than any other category of ungulate (75% of un-
gulate remains consumed, n = 57), and in the winter, adult
deer were consumed at volumes over 8 times higher than any
other ungulate species (82% of ungulate remains consumed,
n = 88; Fig. 5).

While ungulates made up 24% of the coyote diet, adult un-
gulate made up 18% (95% CI [15%-22%]), indicating the ma-
jority of ungulate consumed was likely scavenged (n = 284).
Across both seasons, adult ungulates contributed more to the
diet inside of wolf territories (27%, 95% CI [20%-36%], n = 82)
than outside (14%, 95% CI = [10%—19%], n = 202), suggest-
ing higher rates of scavenging inside of wolf pack territories.
Conversely, confidence intervals for adult ungulate preva-
lence in the overall diet at the high (20%, 95% CI [13%-27%],
n = 102) and low (17%, 95% CI [13%-22%|, n = 182) wolf den-
sity sites overlapped (Fig. 5). During winter, adult ungulates
tended to be more prevalent in the diet inside wolf territo-
ries (43%, 95% CI [32% — 54%], n = 47) than outside (31%, 95%
CI [23% — 39%], n = 83), and also more prevalent in the high
density site (48%, 95% CI [34% — 62%], n = 37) than the low
density site (30%, 95% CI [23% — 38%]|, n = 93).

Discussion
We found more ungulate remains in coyote scats inside

wolf territories than outside of wolf territories, and un-
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Fig. 4. The results of PERMANOVA analysis testing for the im-
pact of season (if the scat was collected in summer (n = 154)
or winter (n = 130)), site (if the scat was collected from the
low wolf (Canis lupus) density (n = 182) or high wolf density
site (n = 102)), and pack (if the scat was collected from in-
side (n = 82) or outside of a wolf pack territory (n = 202))
on the relative percent volume of prey items in coyote (Ca-
nis latrans) diet were visualized by creating nonmetric dimen-
sional scaling (NMDS) plots with stress < 0.2, using a maxi-
mum of 200 iterations (Clarke 1993). Plots were overlaid with
dispersion ellipses visualizing one standard deviation of the
diet for each level of the covariate specified (Hill et al. 2015).
Prey items are shown on the plots as UN (ungulate), LE (lep-
orid), SM (small mammals), PM (plant matter), and SB (seeds
and berries). NMDS ordination axes of coyote diet showed the
most divergence in diet between seasons (a). There was ma-
jor overlap between the high and low wolf density sites (b) in
ordination space around small mammals and plant matter,
and the plot of differences in coyote diet inside and outside
of wolf pack territories (c) was very similar to the plot compar-
ing the high and low wolf density sites, with the diet inside
of wolf pack territories oriented closer to ungulates and the
diet outside oriented closer to seeds and berries.
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gulate was a significant contributor to differences in diet
between scats collected inside and outside of wolf pack
territories. Scats from inside of wolf pack territories indi-
cated increased ungulate consumption—particularly of adult
ungulates—across all analyses. These results suggest that, as
predicted by optimal foraging theory, coyotes are consuming
more ungulate in the presence of wolves (Sivy et al. 2018).
These findings are supported by a meta-analysis of coyote
diet (Jensen et al. 2022) and suggest that coyotes are taking
advantage of wolf kills as a high-quality resource despite the
inherent risks involved (Macarthur and Pianka 1966; Arjo and
Pletscher 1999; Wilmers 2004; Sivy et al. 2018).

The importance of carrion subsidies from wolves is sup-
ported by our analysis of scavenged ungulates in the coyote
diet. The percent volume of likely scavenged ungulates con-
sumed inside of wolf pack territories was 1.9 times higher
than outside of wolf pack territories. This pattern suggests
that coyotes increase consumption of ungulate carrion in-
side of wolf pack territories. Comparing the locations of scats,
wolf pack territories, and seasonal deer ranges does not sug-
gest any correlation between wolf pack territories and deer
availability (Bassing et al. 2023), meaning differences in un-
gulate consumption inside and outside wolf pack territories
are unlikely to be caused by differences in the availability of
winter-killed ungulates (i.e., deer that died from other causes
in winter). While the percent volume of likely scavenged (i.e.,
adult) ungulates in coyote diet did not differ among study
sites, this result could be due to the overrepresentation of
summer scats at the high wolf density site (64% of scats
collected, compared to 50% at the low wolf density site),
which could deflate the relative importance of ungulate in
overall diet, as well as inflate importance of juvenile ungu-
lates relative to other ungulate prey (Fig. 5). While confidence
intervals for the amount adult ungulate consumed in the win-
ter inside and outside of wolf pack territories, as well as at
the high and low wolf density sites, overlapped, this find-
ing was likely limited by small sample sizes. The large differ-
ences in means, with trends toward increased ungulate con-
sumption inside of wolf pack territories and at the high wolf
density site, suggest the importance of scavenging from wolf
kills over the winter. Overall, our findings indicate that in-
side of wolf pack territories, coyotes in Washington appear
to be taking advantage of ungulate carrion subsidies from
wolves, consistent with optimal foraging theory. While coy-
otes also scavenge from ungulate carrion provided by other
large carnivores, other carnivore kills would not contribute
to differences in scavenging inside and outside of wolf pack
territories: cougars were widespread across both study areas
(Bassing et al. 2023), and black bears are much more likely
to steal kills and consume them completely than provide car-
rion (Prugh and Sivy 2020).

This increase in ungulate carrion provisioned by recoloniz-
ing wolves could ultimately benefit coyotes in Washington.
Because wolves spread the availability of carrion resources
over the winter—in contrast to a pulse of elk mortality at
the end of winter in wolves’ absence—scavenger populations
may benefit (Wilmers 2004). Similarly, coyote group size in-
creased as wolves recolonized northwestern Montana, sug-
gesting that subsidies from wolf kills increased the amount
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Table 3. Results of similarity percentage analysis to determine which prey categories
made significant contributions to the difference in coyote (Canis latrans) diet between
scats collected in northern Washington, USA, during the winter (n = 130) and during
the summer (n = 154).

Prey item Winter Summer Contribution SD P

Ungulates 34.9 14.8 0.198 0.194 0.01
Small mammal 18.7 271 0.177 0.179 0.05
Seeds and berries 6.75 26.4 0.154 0.184 0.01
Plant matter 15.7 18.5 0.118 0.122 0.01
Leporids 16.5 7.04 0.111 0.191 0.01

Note: The Winter and Summer columns show the percent volume of each diet item during each season. The follow-
ing three columns show each prey item’s contribution to the average dissimilarity between seasons, the standard
deviation of the contribution, and whether the contribution is significant.

Table 4. Results of similarity percentage analysis to determine which prey categories made significant con-
tributions to the difference in coyote (Canis latrans) diet between scats collected in the high wolf (Canis lupus)
density (n = 102) and low wolf density sites (n = 182) in northern Washington, USA.

Prey item Low wolf density High wolf density Contribution SD P

Ungulates 19.5 32.1 0.197 0.197 0.01
Small mammal 20.3 28.5 0.183 0.182 0.03
Seeds and berries 23.5 6.60 0.137 0.174 1.00
Plant matter 17.4 16.9 0.113 0.124 0.56
Leporids 12.3 9.79 0.103 0.183 0.83

Note: The Low wolf density and High wolf density columns show the percent volume of each diet item at each site. The following three columns
show each prey item’s contribution to the average dissimilarity between sites, the standard deviation of the contribution, and whether the contri-
bution is significant.

Table 5. Results of similarity percentage analysis to determine which prey categories
made significant contributions to the difference in coyote (Canis latrans) diet between
scats collected in inside of wolf (Canis lupus) pack territories (n = 82) and outside of
wolf pack territories (n = 202) in northern Washington, USA.

Prey item Outside Inside Contribution SD P

Ungulates 19.9 34.1 0.202 0.196 0.01
Small mammal 19.9 31.7 0.191 0.184 0.01
Seeds and berries 22.7 4.4 0.128 0.171 1.00
Plant matter 18.4 14.4 0.109 0.117 0.95
Leporids 115 11.2 0.105 0.182 0.63

Note: The Inside and Outside columns show the percent volume of each diet item inside and outside of wolf
pack territories. The following three columns show each prey item’s contribution to the average dissimilarity
between inside and outside of wolf pack territories, the standard deviation of the contribution, and whether

the contribution is significant.

of food available to coyotes, allowing juvenile coyotes to stay
longer in their natal territories (Arjo and Pletscher 1999).
Overlap between coyote and wolf home ranges has also been
shown to increase during the winter (Arjo and Pletscher
1999), where coyotes select for areas frequently used by
wolves and increase their proximity to wolves (Klauder et
al. 2021a). This seasonal pattern suggests that coyotes ben-
efit most from the presence of wolves during the winter,
when resources are relatively scarce, and is supported by our
finding of increased ungulate remains in winter coyote scats
(Fig. 3).

Despite the potential benefits gained from scavenging wolf
kills, wolves can negatively impact coyotes through inter-
ference competition, interspecific killing, and fear effects
(Smith et al. 2003; Ripple et al. 2011; Suraci et al. 2016; Prugh
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and Sivy 2020; Klauder et al. 2021a). The benefits of subsidies
from wolf-killed ungulates may not overcome the negative
effects of risk of death and interference competition from
wolves (Smith et al. 2003; Ripple et al. 2011), and carrion sub-
sidies provided by large carnivores could serve as an ecologi-
cal trap and ultimately lead to the suppression of mesocarni-
vore populations at a large scale (Sivy et al. 2017). In addition
to suppression through Kkilling, fear of large carnivores can
both reduce foraging behavior in mesocarnivores (Suraci et
al. 2016) and decrease coyote use of carcasses in areas with
higher long-term use by wolves (Klauder et al. 2021a). For ex-
ample, no collared coyotes in our study areas were confirmed
to have been killed by wolves, but strong avoidance of wolves
and cougars led coyotes to increase use of human-impacted
areas, where human-caused mortality rates were high (Prugh
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Fig. 5. The distribution of ungulate prey types within 95% confidence intervals in coyote (Canis latrans) diet overall (n = 145),
in the winter (n = 88), in the summer (n = 57), at the high wolf (Canis lupus) density site (HWD) (n = 57), at the low wolf density
site (LWD) (n = 88), inside of wolf pack territories (n = 38), and outside of wolf pack territories (n = 107). Ungulate prey were
sorted into four species- and aged-based categories: deer (adult deer; Odocoileus virginianus and Odocoileus hemionus), elk (adult
elk; Cervus canadensis), moose (adult moose; Alces alces), and juvenile ungulates (summer hair attributed to moose and elk calves
and deer fawns). Juvenile ungulates were not categorized by species due to the difficulty of accurately determining species

from these hairs.
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et al. 2023). However, it remains unclear if coyote densities at
our study sites were suppressed by wolves, and whether sup-
pressive effects may increase over time as wolf populations
continue to recover: wolves may need to reach ecologically
effective densities to suppress coyote abundance (Newsome
et al. 2017). Our findings indicate the coyotes that remain in
areas occupied by wolves do take advantage of increased scav-
enging opportunities, especially in winter.

Increased reliance on scavenging wolf Kkills could reduce
consumption of other items. We found that ungulates, small
mammals, seeds and berries, plant matter, and leporids were
the most important items in coyote diet across both study
sites (Fig. 2), and deer were the most important ungulate
prey item overall (Fig. 5). These diet patterns were similar to
those reported in other areas of the northwestern contiguous
United States (Arjo and Pletscher 1999; Dowd and Gese 2012;
Jensen et al. 2022). At 11.4% of the diet by volume, the relative
importance of leporids may appear low, given they have been
frequently documented as the coyote’s prey of choice (Ripple
et al. 2013; Hinton et al. 2017). However, this level of impor-
tance was consistent with previous studies in the northwest
continental United States (Arjo and Pletscher 1999; Dowd and
Gese 2012; Jensen et al. 2022), with higher proportions doc-
umented in boreal ecosystems where snowshoe hare (Lepus
americanus Erxleben, 1777) populations can reach high lev-
els (O’Donoghue et al. 1998; Prugh 2005; Jensen et al. 2022).
Coyotes also rely more heavily on leporid prey in the Ameri-
can Southwest, where the abundance of black-tailed jackrab-
bits (Lepus californicus Gray, 1837) impacts coyote population
dynamics (Mills and Knowlton 1991; Stoddart et al. 2001;
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Jensen et al. 2022). By diverting foraging activity of coyotes
from lagomorphs to carrion, wolves may indirectly reduce
coyote predation on this key prey species, which could in
turn benefit other avian and mammalian predators that rely
heavily on lagomorphs, such as threatened populations of
Canada lynx (Lynx canadensis Kerr, 1792; Ripple et al. 2011).
However, in this study, small mammal consumption tended
to be higher inside of wolf pack territories and at the high
wolf density site, and seeds and berries were the only diet
item that was significantly more important outside of wolf
pack territories or at the low wolf density site than inside of
wolf pack territories or at the high wolf density site (Fig. 3).
The relative importance of seeds, berries, and plant matter
in coyote diet was higher than previously found in the north-
western contiguous United States. Across a 5-year study in
northern Montana, the percent occurrence of plants in coy-
ote scats ranged from 0% to 17% (Arjo and Pletscher 1999), and
plants occurred at a rate of 13.9% in northwestern Wyoming
(Dowd and Gese 2012). We found that, when combined, seeds,
berries, and plant matter made up 34.7% of the diet by vol-
ume (Fig. 2)—which was more consistent with diet studies in
the American South or Southwest (Bowyer et al. 1983; Andelt
et al. 1987; Young et al. 2006; Albers 2012). In the summer,
seeds and berries were the second most common diet item,
at 26.4%. Although previous studies measured the percent oc-
currence of diet items (Arjo and Pletscher 1999; Dowd and
Gese 2012), while we measured percent volume, analyzing
our data as percent occurrence only inflated the importance
of seeds, berries, and plant matter to 42.0% (Table 1). Precip-
itation was lower than average at both sites in 2018 (86% of
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average at the low wolf density site and 91% of average for
the 8 months with available data at the high wolf density site)
(U.S. Climate Data 2023), which means the high importance
of berries is unlikely to have been caused by above-average
berry production (Holden et al. 2012). These results suggest
that plants could be a more important part of coyote diet
in Washington, supporting recent findings that coyotes and
other carnivores may be important seed dispersers (Draper et
al. 2022).

The seasonal differences in coyote diet that our study doc-
umented support previous findings that coyotes consume
more ungulates during the winter and more small mammals
and plants during the summer (Arjo et al. 2002; Dowd and
Gese 2012; Jensen et al. 2022). Coyotes consume more un-
gulate biomass in the winter both in areas where deer are
susceptible to winterkill and across snowy landscapes where
predators are more successful as snow deepens and deer con-
dition decreases (Gese and Grothe 1995; Gese et al. 2008).
During the summer, the diversity of available resources in-
creases with the emergence of small mammals from under
the snowpack and availability of plants and berries (Bowyer
et al. 1983; Arjo et al. 2002). However, in addition to ungulate,
seeds and berries, small mammal, and plant matter, we found
that increased leporid consumption during the winter sig-
nificantly contributed to the dietary difference we observed
between seasons (Table 3). Other results from similar lati-
tudes have been less clear, with leporid consumption peaking
during the winter in some years and during the summer in
others (Arjo et al. 2002). There was no significant difference in
the seasonal consumption of snowshoe hares in Riding Moun-
tain National Park, Manitoba (Meleshko 1986), but in north-
west Wyoming, hare consumption was highest in fall and de-
creased through the winter, suggesting that as snow depth
increased, coyotes switched to more readily available prey,
such as ungulate carcasses (Dowd and Gese 2012). Given the
variation in results across studies, more research is needed
to understand the predator-prey dynamics between coyotes
and leporids at these latitudes.

Our study provides a baseline for coyote diet in Washing-
ton, and sheds light on how coyotes are impacted by wolf
recolonization. We found that coyotes increased their con-
sumption of ungulate prey inside of wolf pack territories,
suggesting that continued wolf recovery in Washington may
benefit coyotes and other scavenger populations (Arjo and
Pletscher 1999; Wilmers 2004). Additional work is needed to
determine whether coyotes in our study sites were suscepti-
ble to suppression by wolves despite the benefits of carrion
provisioning or whether suppression may increase over time
as wolves enter new territories. Mesopredator suppression
may be more likely to occur where top predators are at higher
densities (Newsome et al. 2017). Overall, our results suggest
that coyotes are responding to competition with wolves ac-
cording to optimal foraging theory by increasing their use of,
and access to, high-value ungulate prey. This shift in resource
use by an abundant, generalist predator may have substantial
cascading effects throughout the food web in areas of wolf
recovery, potentially benefitting small mammal populations
and competing mesopredators through an among-predator
cascade (Levi and Wilmers 2012). A better understanding of
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these dynamics may help to resolve the multi-faceted roles of
large carnivores in ecosystems where their populations are
recovering.
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