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1 | INTRODUCTION

Scavenging is a common feeding behavior in which scavengers

compete for ephemeral but nutritious resources in the form of
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Abstract

Scavenging is a common feeding behavior by many species that plays an important
role in ecosystem stability and function while also providing ecosystem services.
Despite its importance, facultative scavenging on large animal carcasses has gener-
ally been overlooked in Asian temperate forest ecosystems. The aim of this study
was to determine the composition and feeding behavior of the facultative scavenger
guild as it relates to sika deer (Cervus nippon) carcasses in Japanese forests. There
are no obligate scavengers or large predators that kill adult ungulates, but humans
fill the role of large predators by culling deer for population management. We docu-
mented nine vertebrate species scavenging on deer carcasses and found that mam-
mals were more frequent scavengers than birds and also fed for longer durations.
This result suggests that there is a facultative scavenger guild composed mainly of
mammals in our forest ecosystem and that carcass utilization by birds was restricted
to only forest species. Raccoon dogs (Nyctereutes procyonoides) and Asian black bears
(Ursus thibetanus) were the most frequent scavenger species and also fed for longer
durations than other scavengers. There were significant seasonal differences in scav-
enging by Asian black bear, Japanese marten (Martes melampus), and mountain hawk-
eagle (Nisaetus nipalensis), suggesting the availability of other food resources may
alter facultative scavenging by each species. Our results support that scavenging is
widespread in this system and likely has important functions including building links
in the food web.
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vertebrates carcasses (Sebastian-Gonzalez et al., 2019; Wilson &
Wolkovich, 2011). Various biological groups from decomposers
(e.g., invertebrates and microbes) to vertebrate scavengers compose
the characteristic communities that interact at carcasses (DeVault,
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Rhodes, & Shivik, 2003). The vertebrate scavenger guild includes
obligate scavengers (i.e., vultures) that are dependent on carrion
and facultative scavengers (primarily carnivores and raptors) that
opportunistically feed on carrion (Beasley, Olson, & DeVault, 2015).
Vertebrate scavenging plays an important role in ecosystem stabil-
ity by cycling nutrients and shaping food web links that originate
from carcasses (Selva & Fortuna, 2007; Wilson & Wolkovich, 2011).
Scavengers also provide important ecosystem services by removing
carcasses that become reservoirs for potentially harmful bacteria
and pathogens from ecosystems (DeVault et al., 2003; Inger, Cox,
Per, Norton, & Gaston, 2016; Moleon et al., 2014).

Vertebrate facultative scavengers build several “weak links”
within food webs by feeding on different species (DeVault et al.,
2003; Wilson & Wolkovich, 2011), and these weak links are essen-
tial for ecosystem stability and maintenance (McCann, Hastings, &
Huxel, 1998; Neutel, Heesterbeek, & Ruiter, 2002). The majority of
scavengers in most ecosystems are facultative rather than obligate
(Wilson & Wolkovich, 2011), making it important to evaluate the
complex interactions between facultative scavengers at carrion to
understand their function in ecosystem dynamics (Cortés-Avizanda,
Selva, Carrete, & Donazar, 2009; Sebastian-Gonzalez et al., 2016;
Selva & Fortuna, 2007). Nevertheless, few studies have dealt with
facultative scavenging activities in the Asian temperate forest
ecosystem (e.g., Sugiura, Tanaka, Taki, & Kanzaki, 2013, Sugiura &
Hayashi, 2018) and there have been no studies focused on faculta-
tive scavenger guilds at large ungulate carcasses.

Japan (East Asian islands, approximately 378,000 km?) is desig-
nated as an ecosystem hot spot with high biodiversity (Mittermeier,
Myers, Mittermeier, & Robles, 1999) and has stable forest ecosystems
that provide habitat for various, densely populated species of mam-
mals. On the other hand, the forest ecosystem contains overpopu-
lated and increasing large ungulate (sika deer, Cervus nippon, hereafter
“deer”; and wild boar, Sus scrofa) populations that need to be managed
by humans. Mainland Japan, however, contains no large predators
that will kill adult ungulates (Asian black bear Ursus thibetanus is the
only large carnivore found in mainland Japan, but does not normally
kill adult ungulates and has an omnivorous feeding strategy) or any
obligate scavengers. However, humans fill the role of large predators
by culling of ungulates for population control throughout the year.
For example, approximately 850,000 ungulates (440,000 deer and
410,000 wild boar) were culled throughout the year and approxi-
mately 304,000 ungulates were hunted in the recreational hunting
season (basically from 15 November to 15 February) in 2017 (Ministry
of the Environment, 2019). Wild game are not commonly consumed
in Japan, and the meat of ungulates culled during the nonrecreational
hunting season (i.e., spring to autumn) are typically discarded. The
ungulates culled in mountain areas are often left or buried in the for-
est because it is difficult to move them out of the forest. The other
cause of ungulate mortality is starvation in late winter and early spring
(Takatsuki, Suzuki, & Suzuki, 1994), but there have been no studies
that quantified the natural death of ungulates in Japan.

Carrion from various sources, including natural mortality, kills by

large carnivores, and carcasses left behind by humans, are known to

be an important and readily used food resource for facultative scav-
engers (Pereira, Owen-Smith, & Moledn, 2014; Selva, Jedrzejewska,
Jedrzejewski, & Wajrak, 2005). Carrion from large carnivores is
readily exploited by the scavenger guild (Allen, Elbroch, Wilmers, &
Wittmer, 2015; Selva & Fortuna, 2007; Wilmers, Crabtree, Smith,
Murphy, & Getz, 2003) and is often easier to find than carrion
from natural mortality (Selva & Fortuna, 2007). Carrion from car-
casses left behind by humans, either remains from hunters or en-
tire culled animals, is also readily used (Gomo, Mattisson, Hagen,
Moa, & Willebrand, 2017; Selva & Fortuna, 2007; Wilmers, Stahler,
Crabtree, Smith, & Getz, 2003). Scavenger guild assemblages and
richness vary among habitats (e.g., Sebastian-Gonzalez et al., 2019),
but appear to vary less when considering the source of carrion (e.g.,
Selva & Fortuna, 2007). The availability of ungulate carcasses from
culling in Japan should therefore be an important resource for the
facultative scavenger guild, and monitoring these carcasses may be
an informative method of determining if scavengers consume large
ungulate carrion in Japan.

The objective of this study was to determine the composition of
the vertebrate scavenger guild and how scavengers utilize Sika deer
carcasses in the Asian temperate forest. We used video camera traps
to evaluate the following specific questions and hypotheses: (a) What
is the composition of vertebrate species that scavenged from deer
carcasses? We hypothesized that omnivorous mammals and birds in
the ecosystem would scavenge opportunistically. However, we also
hypothesized that mammals and birds would have different frequen-
cies of scavenging and feeding durations because of differences in
morphology, their ecology, and energetic needs. (b) How do scaven-
ger species vary in their frequency of carcass use? We hypothesized
that raccoon dogs (Nyctereutes procyonoides) and masked palm civets
(Paguma larvata) would be the most frequent scavengers based on pre-
vious research in Japan (Sugiura et al., 2013). (c) How do scavenger
species vary in their feeding durations on the carcasses? We hypoth-
esized that Asian black bears would feed for longer durations than
other scavengers based on bears being dominant scavengers in other
ecosystems (Allen et al., 2015; Krofel, Kos, & Jerina, 2012). We also
hypothesized that raccoon dogs might scavenger for longer durations
than other scavengers due to being the most frequent scavenger in
other studies in Japan (Sugiura & Hayashi, 2018; Sugiura et al., 2013)
and therefore possibly more dependent on carrion than other species.
(d) Does the frequency or duration of scavenger species vary among
the two seasons—summer and autumn? We hypothesized that some
species would change their utilization of the carcasses seasonally
based on energetic needs and the changing availability of their primary

foods because most potential vertebrate scavengers are omnivores.

2 | MATERIALS AND METHODS
2.1 | Study area

Our research was conducted in Nikko National Park, central Japan
(approximately 1,150 km?; 36°36'N-37°05'N, 139°19'E-139°51'E;



INAGAKI ET AL.

elevation: 300-1,300 m). At the Okunikko metrological station,
in the center of national park, the mean annual temperature was
7.7°C (-12.9 to 27.7°C) and the mean annual rainfall was 163.1 mm
(Japan Meteorological Agency, 2016, 2017). The forest types
included deciduous broadleaved forests (comprised mainly of
Quercus serrata, Q. crispula Blume, and Cerasus jamasakura), co-
nifer plantation forests (comprised mainly Cryptomeria japonica,
Chamaecyparis obtuse, and Larix kaempferi), and also patchy mixed
forests. The forest floor consisted primarily of bamboo grasses in
each forest type.

The most conspicuous terrestrial mammals that feed on animal
matter and are expected to scavenge are the Asian black bear, wild
boar, red fox (Vulpes vulpes), raccoon dog, Japanese badger (Meles
anakuma), Japanese weasel (Mustela itatsi), masked palm civet, and
Japanese marten (Martes melampus) (Ohdachi, Ishibashi, Iwasa, &
Saitoh, 2009; Sugiura et al., 2013; Tochigi Prefecture, 2002). None
of these mammals are predators of large, adult ungulates, although
the Asian black bear is known to kill neonatal deer (Hashimoto &
Takatsuki, 1997). Bird species that are known to feed on vertebrates
in the forest and may be expected to scavenge are the bull-headed
shrike (Lanius Bucephalus), Japanese sparrowhawk (Accipiter gularis),
Sparrowhawk (Accipiter nisus), goshawk (Accipiter gentilis), jungle
crow (Corvus macrorhynchos), carrion crow (Corvus corone), black kite
(Milvus migrans), Japanese scops owl (Otus scops), Ural owl (Strix ura-
lensis), Gray-faced buzzard (Butastur indicus), Eastern Buzzard (Buteo
japonicus), Golden eagle (Aquila chrysaetos), and mountain hawk-ea-
gle (Nisaetus nipalensis) (Higuchi, Morioka, & Yamagishi, 1996, 1997;
Maki & Ohnishi, 2001; Tochigi Prefecture, 2001; Wild Bird Society
of Japan-Tochigi, 2015).

2.2 | Data collection

We obtained 42 fresh deer carcasses, that had not previously been
scavenged, from culled nuisance animals or animals killed through
vehicle collisions from June to November in 2016 (n = 20 deer) and
2017 (n = 22 deer). Our handling of the carcasses was conducted in
accordance with the guidelines for use and collection of animals in
research established by the Mammal Society of Japan (2009). We
used the culling method that most minimizes pain and distress to the
animal, in accordance with the “Welfare and Management of Animals
Act” (Ministry of the Environment). These culls were conducted for
the study with permission from the Tochigi Prefecture Government
according to “Wildlife Protection and Proper Hunting Act” (Ministry
of the Environment) and “Specified Wildlife Conservation and
Management Plan” (Tochigi Prefecture, 2018), both of which cover
the controlled culling of deer. We used deer of various sizes, from
newborn to adult.

We placed each deer carcass on the ground near the culled lo-
cation in mature deciduous broadleaved forests and patchy mixed
forests. Each carcass was placed at a distance of >1 km from other
carcasses when we obtained the deer carcasses during the same

period. In some cases (h = 6), we placed carcasses within a radius
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of 500 m of previous carcasses from 1 to 4 weeks of the previous
carcass. In these cases, the previous deer carcass was consumed in
5.1 d (+1.9 SE, range 3.4-9.0 d), whereas at the other 42 carcasses
the carcasses persisted for 6.8 d (+4.0 SE, range 2.3-16.5 d). In ad-
dition, the time between placing subsequent deer carcasses within
a radius of 500 m was >1 week. The locations were on private lands
within the park where landowners had given us permission to place
the deer carcasses. We secured the deer carcasses to the nearest
tree using wire rope to prevent them from being removed from the
view of the camera trap by scavengers.

We monitored the carcasses using Ltl Acorn 6210 camera traps
(Green Bay, Wisconsin, USA). We set the camera traps 2-5 m from
the deer carcass and 1-2 m above ground. We programmed the cam-
era traps to record 30-s videos at each trigger with a 30-s refrac-
tory period. We stopped monitoring a carcass when >80% of the
deer carcass including bones and skins had been consumed, because
there was little available carrion or nutrition for facultative verte-

brate scavengers remaining.

2.3 | Statistical analyses

To understand the scavenger guild and utilization, we identified each
vertebrate scavenger species that we documented scavenging from
carcasses and classified vertebrate scavengers as either mammalian
or avian classes. We excluded any species that passed through the
view of the camera trap inadvertently. We used program R 3.2.4 (R
Core Team, 2016) for all of our statistical analyses.

To evaluate the scavenger guild, we calculated the number of
deer carcasses that each scavenger species visited and the number
of deer carcasses that each scavenger species scavenged. We used
Fisher's exact tests (Fisher, 1934) to determine (a) differences in
the percentages of visited carcasses between mammalian and avian
scavengers and (b) differences in the percentages of scavenged car-
casses between mammalian and avian scavengers.

To evaluate differences in the frequency of visitation and
scavenging among scavenger species, we used pairwise compari-
sons with Fisher's exact tests (Fisher, 1934) using RVAideMemoire
package (Herve, 2019). We determined (a) differences in the per-
centages of visited carcasses between scavenger species and (b)
differences in the percentages of scavenged carcasses between
scavenger species.

To evaluate how long scavengers fed on the carcasses, we cal-
culated total feeding times (min) at each deer carcass for each ver-
tebrate scavenger from the video recordings. In cases where there
were more than five avian scavengers in one video, it was not pos-
sible for us to determine exact feeding times. Instead, we estimated
the feeding time of each avian scavenger species in these videos by
summing the feeding time of five randomly selected individuals and
multiplying this value by the maximum number of individuals during
the visit divided by five. In our analyses of feeding times, we first
tested for differences in the mean feeding times between the classes

of mammalian and avian scavengers using a Wilcoxon rank-sum
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FIGURE 1

test (Sokal & Rohlf, 2012). We then tested for differences in the
feeding durations among scavenger species to see if some species
scavenged for longer durations than others. We modeled the mean
feeding time of all species using a generalized linear model (GLM)
with a Gamma distribution. We added 10~ to all of the zero values of
the total feeding times (i.e., instances where a species visited a car-
cass but did not scavenge) to ensure a fit of the Gamma distribution.
We used the total feeding times at carcasses as our dependent vari-
able and used the scavenger species as the independent variables.
We performed post hoc pairwise comparisons with Tukey's HSD test
(Sokal & Rohlf, 2012) using the multcomp package (Hothorn, Bretz, &
Westfall, 2008) between each species pair (i.e., 36 comparisons) to
determine where significant differences occurred.

To understand differences in scavenging among seasons, we
classified the seasons as summer (June to August) and autumn
(September to November). We used Fisher's exact test (Fisher,
1934) to examine (a) differences in the percentages of visited car-
casses seasonally between mammalian and avian scavengers, (b)
differences in the percentages of scavenged carcasses seasonally
between mammalian and avian scavengers, and (c) the seasonal dif-
ferences in the percentages of scavenged carcasses for each species.
We then used Wilcoxon rank-sum test (Sokal & Rohlf, 2012) to ex-
amine differences in feeding duration seasonally between mamma-

lian and avian scavengers.

(a) Mammal (b) Bird

o o

i
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Images (from video recordings) of our most frequent scavenger species (a) Asian black bear and (b) raccoon dogs scavenging
on the same sika deer carcass in 8 November 2016

3 | RESULTS
3.1 | Scavenger guild

We recorded that one or more vertebrate scavengers visited and
scavenged every deer carcass in this study. We identified nine fac-
ultative scavengers, including six mammalian species (Asian black
bear; Figure 1a, wild boar, raccoon dog; Figure 1b, red fox, Japanese
marten, and masked palm civet) and three avian species (mountain
hawk-eagle, black kite, and jungle crow). We also documented visita-
tion and scavenging by mammals at a significantly higher number of
carcasses than birds (both p < .001; Figure 2).

3.2 | Frequency of scavenging

All scavengers except Asian black bears and wild boars occasionally
visited carcasses but did not scavenge (e.g., they exhibited behaviors
such as smelling the carcass or exploring the area around the car-
cass, but did not feed). This was most common in red foxes, Japanese
martens, masked palm civets, and jungle crows (Table 1).

The most frequent scavenger species were raccoon dogs (85.7%)
and Asian black bears (73.8%, Figure 3), which scavenged at a signifi-

cantly higher number of carcasses than other scavengers (p < .001).

FIGURE 2 Bipartite graphs depicting
scavenging interactions between the
species of facultative scavengers (open
circles) and deer carcasses (filled circles)
of: (a) mammalian and (b) avian scavenger
classes. Each line shows a direct
scavenging link, where a given scavenger
species fed on a particular carcass
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TABLE 1 The utilization of sika deer carcasses by vertebrate scavenger species. We report the percentage of carcasses visited and percentage scavenged from overall and in each season,

as well as the mean feeding time for each species

Mean of feeding
time = SD (m)

Percentage of scavenged carcasses (%)*

Percentage of visited carcasses (%)?

Summer (20) Autumn (22) Total (42) Summer (20) Autumn (22) Total (42)

Total (42)

Species

Common name

80.2 +90.0
36.9 +34.9
21.0+254
52.6 +78.1
40+8.6

100.0 97.6 100.0 95.5

100.0

100.0

Mammal

54.5 73.8 95.0 54.5

95.0

73.8

Ursus thibetanus

Asian black bear

Wild boar

45.5 429 40.0 45.5

40.0

429

Sus scrofa

85.0 95.5 85.7 80.0 90.9

90.5

Nyctereutes procyonoides

Raccoon dog

Red fox

63.6 35.7 20.0 50.0

30.0

47.6

Vulpes vulpes

7.8+12.5
0.9+0.9

72.7 38.1 20.0 54.5

35.0

Martes melampus 54.8

Japanese marten

4.5
45.5

13.6 2.4 0.0
429 40.0

20.0

Paguma larvata 16.7

Masked palm civet

29.3+80.0

63.6

40.0

52.4

Avian

23.0+14.4
0.5+04

5.0 22.7 11.9 0.0 22.7
10.0

10.0

Nisaetus nipalensis 14.3

Mountain hawk-eagle

Black kite

9.1
31.8

9.5
33.3

13.6

11.9

Milvus migrans

29.0+78.3

35.0

54.5

35.0

45.2

Corvus macrorhynchos

Jungle crow

Numbers in parentheses indicate the number of carcasses.
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In contrast, our least frequent scavengers were masked palm civ-
ets (2.4%; only scavenged from one carcass), black kites (9.5%),
and mountain hawk-eagles (11.9%, Figure 3). Scavenging by these
species was at a significantly lower number of carcasses than other
scavengers (p < .001). There were no differences in scavenging fre-
quency among wild boars, red foxes, Japanese martens, and jungle
crows (p > .05). We also found similar results in visitation frequency,
but there was not a significant difference between Asian black bears

and Japanese martens (p = .147).

3.3 | Feeding durations

The mean feeding time at carcasses was longer for mammals
(80.2 +90.0 SD min) than for birds (29.3 £ 80.0 min; p <.001; Table 1).

Among scavenger species, Asian black bears (mean = 36.9 +
34.9 min) and raccoon dogs (mean = 52.6 + 78.1 min) fed for the
longest durations (Table 1, Figure 1). Asian black bears fed signifi-
cantly longer than red foxes (p = 2.224; p < .01), Japanese martens
(B = 1.556; p < .05), and black kites (B = 4.268; p < .01). Raccoon
dogs also fed significantly longer than red foxes (§ = 2.579; p < .001),
Japanese martens (p = 1.911; p <.01), masked palm civets (p = 4.068;
p < .05), and black kites (f = 4.623; p < .001). Jungle crows fed sig-
nificantly longer than red foxes (p = 1.983; p < .05), and black kites
(B =4.027; p < .01); and wild boars fed significantly longer than black
kites (§ = 3.704; p < .05).

3.4 | Seasonality of scavenging

We documented visitation and scavenging by mammals at a signifi-
cantly higher number of carcasses than birds overall in both seasons
(Peymmer < 0.001, p_ . < 0.001). We also documented mammals
also fed for longer durations than bird overall in both seasons |
mer = 0.023,p_ < 0.001).

The percentage of scavenged carcasses by Asian black bears

psum-

decreased significantly from summer to autumn (p = .0042), but
the percentage of scavenged carcasses by Japanese martens and
= 0.0289,
=0.0492, Table 1). Red foxes also increased the scaveng-

mountain hawk-eagles significantly increased (p,,, iens

phawk-eagles
ing frequency slightly from summer to autumn (p = .0577, Table 1).

There were no significant differences in frequency of scavenging by
season for other scavengers (Table 1).

4 | DISCUSSION
4.1 | Characteristics of scavenger guilds

The composition of scavenger guilds vary based on latitude, land-
scape composition (e.g., habitat), topography, and human footprint
(Pardo-Barquin, Mateo-Tomas, & Olea, 2019; Sebastidn-Gonzalez et
al., 2019; Turner, Abernethy, Conner, Rhodes, & Beasley, 2017). We
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documented the facultative scavenger guild in a forest ecosystem
in mainland Japan that was composed mainly of omnivorous carni-
vores, as well as a few forest bird species. Raccoon dogs and Asian
black bears are important scavengers in this system, as they fed
on more carcasses and for longer durations than other scavengers.
Despite the lack of previous studies, we found that scavenging is
widespread and likely has important functions in the system (e.g.,
DeVault et al., 2003; Inger et al., 2016; Moleon et al., 2014), including
forming weak links in food webs (e.g., Selva & Fortuna, 2007; Wilson
& Wolkovich, 2011).

We recorded only three avian scavengers, mountain hawk-ea-
gle, black kite, and jungle crow, and we did not detect any nonfor-
est bird species. Worldwide, the composition of the scavenger guild
that consumes remains from human hunters is generally dominated
by birds (Mateo-Tomas et al., 2015), but this pattern was the oppo-
site in our study area. These results suggest that carcass utilization
and feeding by avian scavengers were restricted because we placed
the carcasses in a mature forest. Avian scavengers often use visual
cues to detect carcasses (Selva et al., 2005), and in dense forests
mammals often consume most carcasses because visual detection
of the carcasses by avian scavengers is limited (DeVault & Rhodes,
2002). Thus, the difference in habitat type (e.g., open or closed hab-
itat, various types of forest) directly affects the composition of the
scavenger guild (Devault, Seamans, Linnell, Sparks, & Beasley, 2017;
Olson, Beasley, & Rhodes, 2016; Pardo-Barquin et al., 2019; Selva et
al., 2005; Turner et al., 2017), and it is important to determine differ-
ences in the composition of scavengers among local guilds. In addi-
tion, it is likely that the absence of large predators reduces the ability
of avian scavengers to detect carcasses in Japan, as avian scavengers
efficiently detect and utilize carcasses by tracking large carnivores
(Wilmers, Stahler, et al., 2003).

All mammalian scavengers, except the wild boar, were carni-
vores; however, we did not document either Japanese badgers or
Japanese weasels scavenging. We expected Japanese badgers to
scavenge because deer hair had previously been found within its
scat (Yamamoto, 1994). The Eurasian badger (Meles meles) is closely
related to the Japanese badger and is known as an infrequent

scavenger in European temperate forests (e.g., Ray, Seibold, &
Heurich, 2014; Selva et al., 2005; Young, Marquez-Grant, Stillman,
Smith, & Korstjens, 2015). However, the Eurasian badger does not
scavenge when its main food resources, such as earthworms and
insects, are plentiful (Young et al., 2015), and the Japanese badger
also feeds primarily on earthworms and insects (Kaneko, Maruyama,
& Macdonald, 2006). Furthermore, in areas of high deer density,
such as our study area, the abundance of Japanese badgers often
increases with the increase in their primary food sources (Seki,
Okuda, & Koganezawa, 2014). This suggests that it may not have
been necessary for the Japanese badger to scavenge because of
the abundance of invertebrates. We also expected Japanese wea-
sels to scavenge because of previous documentation of scavenging
on mouse carcasses (Sugiura & Hayashi, 2018; Sugiura et al., 2013).
However, previous diet analysis showed they feed on small verte-
brates and not vertebrates that are larger than themselves (e.g.,
Asahi, 1975; Furuya, Kishida, Swnoo, Noguchi, & Yamasaki, 1979).
Thus, Japanese weasels may not consider deer carcasses as food
resources. However, Japanese weasels are smaller than other carni-
vores and are more difficult to document with camera traps, and we
may have just failed in detecting their scavenging behavior.

We also have to consider how our study design may have af-
fected our documentation of the facultative scavenger guild. First,
we set the deer carcasses at a distance of >1 km from other car-
casses when we obtained them around the same time. However,
1 km is a small distance to move between carcasses for some scav-
engers, especially those with large home ranges. This may affect the
frequency and duration of scavenging by individual animals. Second,
the time between placing subsequent deer carcasses at the same
location was a minimum of 1 week. This relatively short time span
risks individual animals learning where the carcasses exist and leads
to repeated exploitation (i.e., vulture restaurant; Cortés-Avizanda,
Jovani, Carrete, & Donazar, 2012). Future research is needed to
determine how study design affects documentation of scavenger
guilds, as established methodologies are often variable for carcass
monitoring (distance and time span when the carcass setting, car-

cass size, how to monitor).
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4.2 | Scavenger frequency and duration

The frequency and duration of scavenging varied among species in
our study, potentially due to their ecology or perceived risk from
competition. Raccoon dogs and Asian black bears were the most fre-
quent scavengers in our study, having visited and scavenged most of
the carcasses and fed for the longest durations. This supports that
raccoon dogs are the most frequent scavengers in Japan (Sugiura et
al., 2013). We have also shown that Asian black bears have an impor-
tant role as dominant scavengers (e.g., Allen et al., 2015; Krofel et al.,
2012) as the only large carnivores in Japan and may have a greater
ability to detect and consume large ungulate carcasses. In contrast,
masked palm civets were the least frequent scavenger, only scav-
enging from one carcass, even though previous studies documented
high scavenging frequency (Sugiura et al., 2013). This suggests that
they may not scavenge as frequently on large carcasses, which could
not be as easily and quickly eaten as small carcasses. This suggests
that studies need to account for the effect of scavenging by carcass
size or type (Turner et al., 2017). Mountain hawk-eagle and black
kites, who have solitary feeding strategies, were also the least fre-
quent scavengers. This could imply the carcass detection by solitary
birds in forest habitat is more difficult than by group birds such as
jungle crows.

In many Japanese forest ecosystems, humans directly provide
a large amount of carrion through mass culling of ungulates for
management. This rapid and pulsed provision of carrion may out-
weigh previous supplies by large predators (e.g., Japanese wolf
Canis lupus hodophilax who became extinct in the early 20th cen-
tury). Such artificial pulses of carrion biomass affect the scavenging
patterns of obligate scavengers as well as facultative scavengers in
many countries (e.g., Blazquez, Sanchez-Zapata, Botella, Carrete, &
Eguia, 2009; Mateo-Tomas & Olea, 2010; Mateo-Tomas et al., 2015;
Wilmers, Stahler, et al., 2003). Similarly, the provisioning of the artifi-
cial carrion in our system may affect not only facultative scavenging
directly but also potential feeding strategies of vertebrate scaven-
gers and activities of various organisms (e.g., invertebrates and mi-
crobes) through indirect biological interactions. The culled ungulate
carcasses are exploited by vertebrate scavengers and decompos-
ers, but because all scavengers are facultative in the system they
may become satiated on ungulate meat during large pulses. Future
studies on the effect of carrion from human harvests on ecosystem
functions and facultative scavengers are necessary when culling is
extensively used for management.

There may be some perceived risk from competition with other
scavengers (e.g., Allen, Wilmers, Elbroch, Golla, & Wittmer, 2016;
Hunter, Durant, & Caro, 2007; Pereira et al., 2014). For example,
some species (especially red foxes, Japanese martens, and jungle
crows) visited the carcasses but often did not scavenge from them,
and red foxes and martens fed less than bears and raccoon dogs.
Previous studies have shown that the size of an animal predicts its
ability to compete at carcasses—with larger animals being more com-
petitive (Moledn, Sanchez-Zapata, Selva, Donazar, & Owen-Smith,
2014; Pereira et al., 2014). We documented that bears, the largest
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scavenger, remained for long periods of time near the carcasses and
also rubbed on the carcasses repeatedly (Video S1). Meanwhile,
mountain hawk-eagles were never recorded with other species al-
though black kites were recorded with jungle crows on three occa-
sions. These documentations of apparent dominance behaviors may
deter other scavengers from scavenging, making competitive inter-
actions among species in our scavenger guild important. However,
the competitive interactions could be affected not only by size but
also by other factors (e.g., hunger or species-specific traits; Allen et
al., 2016). Further study is necessary to understand these mecha-
nisms that affect the complex competitive interactions in the scav-
enger guild.

4.3 | Seasonal differences

There were significant seasonal differences in the frequency of
carcass utilization by some scavenger species. For bears, carcass
use significantly decreased from summer to autumn. In autumn,
bears must accumulate energy for hibernation (e.g., Mclellan, 2011,
Nelson et al., 1983) and they shift their primary food sources to nuts
and acorns (Koike, 2010), which may be responsible for their changes
in scavenging behavior between seasons. In contrast, the use of the
carcasses by Japanese martens and mountain hawk-eagles signifi-
cantly increased from summer to autumn. Martens feed on insects
principally in summer, but their intake of fruits increases as the avail-
ability of insects decreases in autumn (Koike & Masaki, 2019). Thus,
martens may have increased their scavenging because of the de-
crease in their primary food sources. These results suggest that most
omnivorous scavengers switch their feeding strategies by season in
accordance with the availability of their primary food sources. Even
the mountain hawk-eagle, usually a predator, increased their scav-
enging of deer carcasses in autumn. A decrease in available reptiles,
one of the primary food sources of the mountain hawk-eagle, might
also increase its scavenging in autumn. We did not place carcasses in
winter, but carrion may be an important supplemental food resource
in severe winters and influence the survival and reproduction of the
scavengers (e.g., Houston, 1978, Angerbjérn, Arvidson, Norén, &
Strémgren, 1991, Tannerfeldt, Angerbjorn, & ArvidSon, 1994). Thus,
available carcasses in autumn might be an important food resource
to enable scavengers to gain nutrition before winter and increase
their probability of survival.

For some scavengers, including wild boar, raccoon dog, black
kite, and jungle crow, the utilization of carcass did not change among
seasons. The high utilization of carcasses by raccoon dogs suggest
that they may be heavily dependent on nutrition from carrion in all
seasons (e.g., Schlichting, Love, Webster, & Beasley, 2019; Selva et
al., 2005), whereas the low utilization by wild boar, black kite, and
jungle crow suggest they are not dependent on carcasses and are
just opportunistic scavengers. The difficulties in detecting the car-
casses for avian scavengers in mature forest may cause them to
be more opportunistic and use carcasses as a random supplemen-

tal food source. On the other hand, scavengers that are heavily
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dependent on carcasses like raccoon dogs may be sensitive to varia-
tion in carcass availability. Additional studies are needed to evaluate
the effects of carcass availability on their behavior, food habits, and

reproductive parameters.
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