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Wildlife Biology Carrion is a valuable resource in forests, providing sustenance for vertebrate and inver-

2023: 01117 tebrate scavenger communities and contributing to ecosystem functions, such as nutri-
o ent cycling. Intensive ungulate hunting, and thereby extraction of carcasses, removes
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large quantities of potential carrion from the system, denying a valuable resource from

Subject Editor: Nuria Selva scavenger fauna. It may be possible to reduce the loss and negative consequences to
Editor-in-Chief: forest biodiversity by retaining evisceration residues from hunted deer, where full car-
Christian A. Hagen casses cannot be retained. However, what roll evisceration residues play as a resource
Accepted 18 July 2023 for scavengers in temperate forests is not well understood. In this study, we exposed 47

carrion samples from hunted roe deer, in front of triple sets of camera traps, to exam-
ine how hunting remains are removed and fed upon by vertebrate scavengers. Overall,
70% of the samples were completely removed from experimental sites by vertebrates.
We detected twelve vertebrate taxa feeding on evisceration residues, including martens
(Martes spp.), red kites Milvus milvus and garden dormice Eliomys quercinus. Common
buzzards Buteo buteo and Eurasian jays Garrulus glandarius were the most frequent
feeders on carrion samples, while red foxes Vilpes vulpes displaced the largest propor-
tion of samples. Finally, we found a range of insectivorous bird and mammal species
using hunting remains as a source for invertebrate prey, while not scavenging on the
remains directly. We demonstrate that evisceration residues can be a valuable resource
for a wide range of taxa and suggest that viscera retention from hunted game may con-
tribute to resource provisioning for scavengers in forest ecosystems.

Keywords: Capreolus capreolus, carcass, evisceration residues, hunting, invertebrates,
scavengers

Introduction

Scavengers, in addition to having intrinsic conservation value, fulfil a range of ecosys-
tem services, e.g. decomposition of carcasses and subsequent release of nutrients, which
are important for ecosystem functioning and nutrient cycling (DeVault et al. 2003,
Wilson and Wolkovich 2011, Beasley et al. 2016). Maintaining the scavenger guild,
consisting of vertebrate as well as invertebrate taxa, is thus of great importance for
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conservation of ecological processes and functions through-
out a range of ecosystems (Barton et al. 2013).

Carrion in turn is an essential resource for vertebrate
and invertebrate scavenger communities (Matuszewski et al.
2010b, Barton et al. 2013, Stiegler et al. 2020). Scavengers
often acquire carrion at kill sites, where large predators leave
parts of carcasses behind (Wilmers et al. 2003, Helldin and
Danielsson 2007, Allen et al. 2015). However, in much of
central Europe, where large carnivores such as wolves Canis
lupus or lynx Lynx lynx have been extirpated, carrion provi-
sioning has consequently reduced. Despite the ongoing re-
establishment of large predator populations in central Europe
(Chapron et al. 2014, Herzog 2019), ungulate populations
are heavily managed through hunting (Gordon et al. 2004,
Hothorn and Miiller 2010). Carrion can be provisioned
through hunting (Wikenros et al. 2013, Mateo-Tomds et al.
2015), for example, trophy hunters can leave large parts
of the game carcasses in the ecosystem, and large animals
hunted for meat (e.g. moose, Alces alces) may be butchered
on site, providing large amounts of residues to scavengers
(Mateo-Tomds et al. 2015, Lafferty et al. 2016). In parts of
Europe, including Germany, it is a widespread practice to
leave evisceration residues, i.e. the internal organs, of large
herbivores in the field, however, due to growing concerns of
food hygiene and practicality, hunters are increasingly choos-
ing to eviscerate large herbivores ex-situ, thereby extracting
the entire animal carcass from the ecosystem (Bartels and
Biilte 2011, Mirceta et al. 2017, Gomes-Neves et al. 2021).
Furthermore, carcasses of small game and of wild boar are
generally extracted completely, the latter due to reducing
the risk of spreading disease like African swine fever. Thus,
despite having the possibility to, current hunting practices do
not provision carrion to the same rate as natural predators,
and scavengers may be missing an essential resource.

While all vertebrate scavengers in central Europe, except
for vultures, are facultative, many invertebrate scavengers
are specialized obligatory scavengers, which means they
are dependent on carrion as a resource (Charabidze et al.
2016, Matuszewski and Madra-Bielewicz 2022, von
Hoermann et al. 2021). Currently, it is unclear how much
carrion in space and time and in which quality is needed
to maintain native necrophagous fauna and corresponding
ecosystem services (Barton et al. 2019). In a prior study,
we found that roe deer Capreolus capreolus viscera left from
hunting could in part functionally replace ungulate carcasses
as a resource for necrophagous insects (Schwegmann et al.
2022). However, in the previous study, we placed the viscera
samples in metal cages, which excluded vertebrate scavengers
from consuming roe deer viscera before invertebrates could
make use of this resource. In order to determine how limit-
ing vertebrate scavengers can be on the access of invertebrates
to carcasses, the first goal of the present study is to investi-
gate what proportion and how quickly evisceration residues
are used by vertebrate scavengers, and consequently made
unavailable to invertebrates. We expect evisceration residues
to be partly available to invertebrates, as evisceration residues
will not always be removed or fully depleted by vertebrates.
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Our second goal was to describe the scavenging guild and
scavenging patterns of vertebrates on evisceration residues in
a temperate mountainous mixed forest in central Europe. We
expect multiple facultative vertebrate scavenger taxa to use
evisceration residues as a resource. While the use of hunting
residues by scavengers has been studied previously (Selva et al.
2005, Mateo-Tomds et al. 2015, Gomo et al. 2017), this is, to
our knowledge the first study surveying these patterns using
a standardised experimental approach with camera traps in
Central Europe, as well as the first study solely using eviscera-
tion residues of roe deer, the most abundant and most com-

monly hunted ungulate in Germany (DJV 2023).

Material and methods
Study region

We conducted this experiment in the southern Black
Forest, in Baden-Wiirttemberg, Germany (47°53'27.3"—
47°52'52.3"N and 8°04'45.5"-8°06'24.5"E, 960-1150 m
a.s.l.). The southern Black Forest is a mountainous mixed
forest, dominated by Norway spruce (Picea abies H. Karst.),
silver fir (Abies alba MILL.) and beech Fagus sylvatica. The
average annual temperature in the region is about 7.1°C
with a yearly average precipitation of 1484 mm (AM Online
Projects 2018). Roe deer is the most abundant large herbi-
vore in the region and is hunted from May until January
(MLR 2019). The average hunting bag for roe deer in forests
ecosystems in the federal state of Baden-Wiirttemberg is 12.2
roe deer per 100 ha and year (MLR 2019). The scavenger
community in the study region is exclusively comprised of
facultative scavengers such as mesopredators (e.g. red fox,
Vulpes vulpes), mustelids (e.g. martens, Martes spp.), birds
of prey (e.g. common buzzard, Buteo buteo), corvids (e.g.
Eurasian jay, Garrulus glandarius), other omnivorous birds
(e.g. great tit, Parus major) and small mammals (e.g. Voles).
Apex predators like wolf, lynx and non-native mesopredators
racoon Procyon lotor and raccoon dog (Nyctereutes procyonoi-

des GREY) only occur sporadically (MLR 2019).
Experimental set-up

We conducted this experiment 16 days each month from
May to October 2022, on a total of 48 experimental sites
spread throughout the study area. All experimental sites were
in mixed-species forests with closed canopy, little understory
vegetation, and away from hiking trails and forest roads to
avoid interference of hikers. Each month, we placed eight
residues at experimental sites, that were at least 200 m apart,
maximizing distances between samples as much as possible
in our study area, to minimise overlaps of individual car-
cass odour bouquets for terrestrial scavengers. No sites were
repeated between months to avoid potential scavenger habit-
uation effects and were at least 50 m away from previously
sampled sites. We conducted the experiment from May to
October because during this time roe deer are hunted in our
study area and insect activity is high.
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On each experimental site, we exposed roe deer evisceration
residue samples 2—5 m in front of three camera traps (Bushnell
Trophy Cam HD Aggressor Low Glow). Two cameras were
only motion triggered, while the third continuously took pic-
tures every hour for the entire observation time, to ensure we
recorded when a scavenger removed a sample. Cameras were
set to three-picture bursts with no delay between activations.
Thus, pictures were taken continuously as long as movement
was detected. Cameras were collected after removal of the
sample or after 16 days (in accordance to previous findings
indicating after 16 days necrophagous invertebrates depleted
evisceration residues; Schwegmann et al. 2022).

All viscera used in this study were acquired through reg-
ular roe deer hunting in the region, and thus, no animals
were killed particularly for this study. Samples contained
rumen, liver, kidneys, spleen, bowel, bladder, reproductive
organs, windpipe and connecting tissues, while heart and
liver were only left in some samples. Samples were frozen at
—27°C until two days prior to exposure. While this practice
potentially affected sample microbiome, physical or chemical
properties (Medi¢ et al. 2018), it was necessary due to practi-
cal considerations and to facilitate systematic set-up of the
experiment, and it is unlikely that freezing samples impacted
carrion use by vertebrate scavengers (Stiegler et al. 2020). The
average weight of each sample was 4.0 kg (range: 2.5-5.5 kg).

Analysis

Weaggregated camera trap pictures into ‘events, i.e. asequence
of pictures of the same scavenger species. We assumed events
were independent if there was an interval of more than 20
min between consecutive pictures (O’Brien et al. 2003). For
each event, we recorded the species and days after exposure
(i.e. when the residues were placed at the sites). We also clas-
sified the type of interaction the species had with the vis-
cera sample: 1) visit: no direct feeding on sample (but could
have been e.g. feeding on insects or around the sample); 2)
feeding: Observed fang or beak of the scavenger touching
the carrion samples; 3) removal: Observed displacement of
the sample, completely outside the view of the camera trap
by the animal. For an event to be included in the dataset
it only needed to be detected by one of the cameras. We
considered a sample removed when no parts of the sample
remained visible in any later camera recordings. Thus, events
were scavengers only removed a part of the carrion sample
were recorded as feeding events. Detecting feeding behaviour
for small mammals was difficult due to the quality of camera
trap pictures and the size of the animals. As a conservative
approach, we only considered small mammals to be feeding
when animals were dragging or moving parts of the sample.
It is, however, possible that a significant part of small mam-
mal feeding events were overlooked. Events after a sample
was removed were not classified or included into analysis,
even when the event occurred within the 16 day observa-
tion period. We included all species known to be predators
or facultative scavengers, or those that we observed feeding
on the carrion sample. Herbivores, like brown hare (Lepus

europaeus PALLAS), or birds feeding on insects (e.g. black-
bird, Zurdus merula) were not included in the dataset. Marten
species (Martes martes and Martes foina ERXLEBEN) could
not always be determined to species level, in which case we
recorded the event as ‘Marten’. Mice, voles, and shrews could
not be determined to species level, therefore we summarized
them into one category, ‘Small mammals’. The only excep-
tions to the small mammal category were garden dormice
Eliomys quercinus, and red squirrels Sciurus vulgaris, which
were determined separately. One sample was excluded from
analysis due to technical failure of the cameras.

We summarized all detected events per species and event
type to assess which taxa were frequently responsible for the
removal of evisceration residues, and which taxa frequently
visited or fed upon the viscera samples and compare these fre-
quencies among taxa. Additionally, we assessed the removal
of samples over the course of the experiment and the daily
activity patcterns of the different scavenger groups (birds,
mesopredators and small mammals) by calculating the tem-
poral overlap of activity.

To assess feeding and visit rates over time we fitted gener-
alized linear models (GLMs). In separate models, we used the
number of visit or feeding events of all scavenger taxa per day
as the response variable and the number of days after expo-
sure as a numerical predictor. We assumed a negative-bino-
mial distribution, as we were dealing with count data, and
added an offset term for the number of samples that remained
on site and were not fully displaced. To assess model fit, we
compared our models with their respective null-models,
and assessed the spread of residuals was visually. We deemed
effects with «=0.05 or lower as significant. Temporal activity
patterns and overlap of scavenger groups were assessed using
kernel density estimates of activity throughout the day, and
accounted for all, sun time corrected, visit and feeding events.
We conducted all analysis and visualizations using R ver.
4.1.2 (www.r-project.org). We conducted the GLMs using
the ‘glmmTMB’ package (Brooks et al. 2017), and the activ-
ity analysis with the ‘overlap’ package ver.0.3.4 (Meredith
and Ridout 2021). The temporal overlap between scavenger
groups was calculated using the overlapEst function, and we
report Dhat4 estimates which are deemed adequate for sam-
ple sizes with n > 50.

Results

Out of 47 viscera samples, 29.8% (n=14) were not fully
removed by vertebrate scavengers from experimental sites
within 16 days, and at 8.5% of sites (n=4) no feeding
events were detected (Fig. 1). Red foxes were most frequently
observed removing entire samples from experimental sites
(n=17, 36.2%). Five samples were removed but the animal
doing so was not captured by the camera traps. Samples were
removed by scavengers on average after 4.1 days of exposure;
earliest removal event occurred less than three hours after the
sample was exposed at the experimental site, while the lat-
est removal was detected twelve days after exposure (Fig. 2).
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Figure 1. Number of roe deer evisceration residues removed by each vertebrate scavenger species. Light green represents samples that were
fed upon but not removed (n=10). Olive green represents samples that were not fed upon or removed (n=4). Light grey represents samples
were removed but the responsible scavenger species could not be determined (n=>5).

Of the 33 removed samples, 69.7% (n=23) were removed
within the first five days after exposure. In every month,
at least one sample out of eight was not removed from the
experimental sites; in May and September four of the samples
were not removed.

We detected 597 events of vertebrate scavengers at our
experimental sites (Table 1). On average, we detected 7.96
visit and 4.74 feeding events (including removal) per sample.
The mean number of potential scavenger taxa detected at
experimental sites was 2.45, while on average, 1.4 taxa were
detected feeding on or removing the carrion sample.

Common buzzards (n=77) and Eurasian jays (n=50)
were most frequently captured feeding on the carrion sam-
ples. Small mammals were most often observed at the sites
(n=206) but were only detected feeding on the sample in
four out of the 206 events. Red fox removed the carcasses
most often, and removed the carcass is 17 out of 20 feeding/
removal events. Overall, in more than half of all marten and
red fox events, the individual(s) did not show feeding behav-
iour or removal of the carrion sample. Finally, we detected

Remaining samples
50

40
30

20

Number of samples

0 5 10 15
Days

Figure 2. Removal of evisceration residues by vertebrate scavengers
over time. This graph only indicates presence/absence of samples
but not biomass depletion due to vertebrate or invertebrate feeding
or decay.
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two domesticated species scavenging (C. lupus familiaris and
Felis catus), as well as two omnivores without any feeding
events.

The average number of feeding events per sample, when
corrected for the number of removed samples, declined sig-
nificantly over the time (p < 0.001, Table 2, Fig. 3), while the
number of visits did not change over time (p > 0.05; Fig. 3).
Both models explaining the detections of events through time
were a much better fit than the respective null-model (AAIC
> 2 of null model relative to time model, Table 2). Small
mammals and mesopredators tended to be active at night and
at the same time (80.78%, Fig. 4). For mesopredators some
activity including removal events was detected during day-
light (Fig. 5). Avian scavengers were largely diurnal, and their
activity overlapped little with mesopredators (23.67%) and
small mammals (9.88%; Fig. 4).

Discussion

Evisceration residues from hunted roe deer can be a valuable
resource for necrophagous invertebrates (Schwegmann et al.
2022). Here, we assessed the level of use and displacement
of viscera from hunted roe deer by vertebrate scavengers,
to understand whether viscera are available to invertebrates
despite vertebrate scavenging. In our present study, we show
that a substantial amount of evisceration residues from
hunted roe deer remained available for necrophagous insects
and other invertebrates even when numerous species of verte-
brate scavenger make use of the same resource. We assumed
that removed samples (i.e. samples that were carried out of
frame of view of the camera traps) were fully consumed by
vertebrates, however, it is possible that the removing taxa
(red fox, pine marten, common buzzard) left fractions of the
samples unconsumed in other locations and therefore still
available as a resource for invertebrates and other vertebrate
scavengers.
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Table 1. Overview of all detected events per species as well as proportion of samples visited or fed upon. For five removal events the respon-
sible species was not detected, thus these events are not included in the table.

Prop. samples with  Prop. of samples with

All events  Visit events Feeding events Removal events visit events feeding or removal events

Red fox (Vulpes vulpes) 44 24 3 17 0.45 0.43

Pine marten (Martes 27 11 12 4 0.28 0.13
martes)

Stone marten (Martes 17 13 4 0 0.17 0.06
foina)

Marten (Martes spp) 17 14 3 0 0.19 0.04

Badger (Meles meles) 2 2 0 0 0.04 0

Red squirrel (Sciurus 15 15 0 0 0.13 0
vulgaris)

Garden dormouse 75 67 8 0 0.17 0.04
(Eliomys quercinus)

Small mammals (Rodentia 206 202 4 0 0.30 0.04
and Soricidae)

Common buzzard (Buteo 90 7 77 6 0.32 0.32
buteo)

Red kite (Milvus milvus) 25 2 23 0 0.09 0.09

Raven (Corvus corax) 1 0 1 0 0.02 0.02

Eurasian jay (Garrulus 64 14 50 0 0.17 0.17
glandarius)

Great tit (Parus major) 9 0 9 0 0.02 0.02

Dog (Canis lupus 2 1 0 1 0.04 0.02
familiaris)

House cat (Felis catus) 3 2 1 0 0.04 0.02

Total 597 374 195 28

Our results on the vertebrate scavenger guild using evis-
ceration residues are generally in line with studies published
from other areas of Europe (Selva et al. 2005, Wikenros et al.
2013, Mateo-Tomis et al. 2015, Gomo et al. 2017). As previ-
ously described in the literature, we found that red fox was
the mammalian scavenger that most intensively using vis-
cera samples (DeVault et al. 2011, Killengreen et al. 2012).
In contrast to other studies, where common ravens Corvus
corax were the most frequent scavengers (Selva et al. 2005,
Wikenros et al. 2013, Mateo-Tomas et al. 2015, Gomo et al.
2017), we only detected one feeding event of ravens in our
experiment. This may possibly be due to the lack of acoustic
cues, such as the sound of gunshots, that are suspected to lure
ravens to carcasses (White 2005, Gomo et al. 2017), however
alternatively it is also possible that ravens avoided approach-
ing due to suspicion of triple sets of camera traps. Similarly,
we also did not detect corvids like carrion crow Corvus corone
and Eurasian magpie Pica pica on our camera traps, as would
be expected from the findings of other studies, but it is likely
that this is because, while common in the region, these birds

are rarely found within the higher elevations of the Black
Forest, where our experiments took place. Interestingly, while
small mammals like rats, mice, voles, and shrews are known
to display opportunistic scavenging behaviour (DeVault and
Rhodes 2002, Henrich et al. 2017, Selva et al. 2019), few
studies describe the extent of their scavenging behaviour
and, to our knowledge, our study is the first report of garden
dormouse (E. quercinus; Diaz-Ruiz et al. 2018), scavenging
on ungulate carrion. Other predator or facultative scaven-
ger species that occur in the region but were not detected
on our experimental site are wild boar Sus scrofa, polecat
Mustela putorius, and great spotted woodpecker Dendrocopos
major (DeVault and Rhodes 2002, Mateo-Tomds et al. 2015,
Selva et al. 2019).

The feeding activity per carrion sample decreased over the
course of the experiment. This indicates that viscera samples
were depleting and/or rendered unattractive as a resource
for vertebrate scavengers through decay, microbes, and con-
sumption by invertebrates (Janzen 1977, Schwegmann et al.
2022). Similar to our results, previous studies detected very

Table 2. Negative Binomial regressions results for number of events over time. Significant effects (#=0.05) are shown through bold text.

Coefficient Std-error t-value p-value R2 AIC

Visits Events ~ Time 0.14 221.3

Intercept —0.265 0.346 -0.766 0.444

Time -0.072 0.039 —1.845 0.065

Events ~ Null 0 327.4
Feeding Events ~ Time 0.40 162.2

Intercept —0.445 0.204 —2.187 0.029

Time —-0.148 0.029 —5.144 < 0.001

Events ~ Null 0 258.7
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Figure 3. Visit and feeding events (including removal) over time corrected for the number of carrion samples removed.

few scavenging events by vertebrates around after 20 days
past exposure, indicating over the warm period most carrion
will be depleted after this time (Inagaki et al. 2022, Mctee
and Stone 2022).

We were unable to directly compare carcass use by ver-
tebrate relative to invertebrate scavengers, however, similar
to entire carcasses, invertebrates were able use a significant
proportion of carrion (Ray et al. 2014, Sawyer et al. 2022,

Schwegmann et al. 2022). Competition between verte-
brates and invertebrates at carrion may be mediated by
environmental conditions, such as season/temperature,
and forest structure. While invertebrates only make use of
carrion outside winter, vertebrates tend to scavenge more
in periods of lower temperatures (DeVault et al. 2004,
Selva et al. 2005, Turner et al. 2017). Forest structure can
affect invertebrate activity through changes in microclimate

Mesopredators

008

Activity

0.00

Small mammals

Activity

0.08

0.06

0.04

Activity

002

000 -

Birds

I
midnight sunrise

T T
noon sunset

Time

1
midnight

Figure 4. Temporal activity patterns of vertebrate scavengers with feeding and visit events combined. Mesopredators include red foxes and
marten species; small mammals include garden dormice and undetermined mice and voles; birds include common buzzards, red kites,

Eurasian jays, and ravens. Density curve is corrected for sun time.
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Figure 5. Feeding and removal events by vertebrate scavengers captured by camera traps: (A) red kite, (B) red fox, (C) Eurasian jay and (D)

garden dormouse.

and vegetation characteristics (Matuszewski et al. 2010a, von
Hoermann et al. 2020, Sawyer et al. 2022), or influence car-
rion detection by vertebrate scavengers (e.g. high canopy clo-
sure diminishes detection by avian scavengers, Inagaki et al.
2022). Thus, different forest types may functionally exclude
competition between vertebrates and invertebrates. To
understand the extent of direct competition between verte-
brate and invertebrate scavengers on carrion, future studies
should investigate upon the effects of forest structure on the
relative carrion by vertebrate and invertebrate scavengers.
Additionally, to assess the relative use of carrion by different
vertebrate scavengers, the number of feeding events detected
per species needs to be corrected by respective relative abun-
dances or population densities in the study area. In our study
area, these data are not available, however, in the future this
should be assessed to evaluate the importance of carrion for
different scavenger species.

We argue that viscera retained from hunting can be a
localized ‘ecological hotspot’. The ecological importance
of carrion goes beyond the direct provisioning of resources
to vertebrate and invertebrate scavengers, as carcasses also
enrich nutrients in the soil and thereby affect plant commu-
nities (Towne 2000, Melis et al. 2007, Barton et al. 2013,
Teurlings et al. 2020). Carrion also offers suitable resources
for insects such as Diptera to lay eggs, the larvae of which can
be in turn consumed by predatory beetles like Histeridae and
Staphylinidae (Greene 1996, Battén Horenstein and Linhares
2011). Finally, we also detected a range of vertebrate species
clearly feeding on insects on and around our carrion samples
on our camera traps. While we found some feeding events
of small mammals and garden dormice, most detections
were classified as visits (i.e. lacking clear evidence of feed-
ing), due to quality of the camera trap pictures, thus likely

underestimating the number of feeding events by small mam-
mals. However, we often detected small mammals includ-
ing dormice feed on insects on the carcass sites (detected by
removal of large beetles). Beyond that, we detected common
blackbird, song thrush (Zurdus philomelos BREHM), mistle
thrush Turdus viscivorus and European robin Erithacus rubec-
ula feeding on insects on and around evisceration residues.
Due to the quality of camera trap pictures it was not possible
to always clearly distinguish these events from visits and thus
reliably quantify insect feeding events. It is clear that carrion
provide a range of direct and indirect resources, and future
studies exploring these patterns would enrich our under-
standing of the extent to which carrion serves the ecosystem.

Our results show that carrion from hunting can be ben-
eficial for scavenger communities, however when consider-
ing viscera retention as a conservation measure some points
have to be considered. Firstly, the type of ammunition
used during hunting matters. In the German federal state
of Baden-Wiirttemberg, where we conducted our experi-
ment, lead ammunition for hunting is forbidden (JWMG
§ 31 2014). This is however not the case everywhere and
lead from bullet fragments, retained in the evisceration resi-
dues, might be consumed by scavengers and thereby enter
the food chain and potentially causing lead poisoning in
wildlife (Kalisinska et al. 2016, Mctee et al. 2019, Pain et al.
2019). Secondly, scavenging processes on carrion can also
facilitate disease propagation (Vicente et al. 2011, Moledn
and Sdnchez-Zapata 2021). Specifically, the outbreak of
African swine fever in Europe calls for extraction of wild boar
entrails. However, retention of hunting remains of herbivores
like deer will mostly be unproblematic, especially alongside
close inspection of carcasses for diseases during evisceration.
Lastly, subsidising carrion to facultative scavengers that are
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generally also predators may lead to increased predation pres-
sure for other species. Red foxes for example historically prof-
ited from anthropogenic influences on temperate ecosystems,
e.g. the removal of apex predators as well as the provision-
ing of additional resources (Prugh et al. 2009). At the same
time red foxes can be problematic for conservation of their
prey, such as ground breeding birds (Kimmerle et al. 2017).
A recent study by Tobajas et al. (2022) suggested that car-
rion provisioning to mesopredator communities, especially
in winter, might increase predation pressure on threatened
western capercaillie Zezrao urogallus, as carrion subsidies allow
for higher mesopredator densities. Overall, the practicability
of providing hunting remains to the scavenger community
depends on local circumstances that determine whether the
above-mentioned risk factors can be problematic.

Conclusion

We observed the vertebrate scavenger community using evis-
ceration residues from hunting in a mountainous mixed for-
estin central Europe. In total, 12 vertebrate taxa used hunting
remains including, mesopredators, birds of prey, corvids and
small mammals. While red foxes, common buzzards and
pine martens removed some of carrion samples, a substan-
tial amount of hunting residues was available for necropha-
gous insects as well. Alchough we did not find all potential
scavengers of our study region to be feeding on hunting
remains, the observed scavenging patterns are mostly in line
with reports from other studies from European boreal forests.
Additionally, we observed that a range of insectivorous mam-
mal and bird species were also attracted to carrion and used it
as a source of prey. Our studies show that a wide range of ver-
tebrate (this study) as well as invertebrate (Schwegmann et al.
2022) taxa use evisceration residues directly or indirectly as a
resource. Carrion subsidies from hunting might help main-
taining vertebrate and invertebrate scavenging communities
as well as scavenging as ecosystem function. Using eviscera-
tion residues as a conservation measure is possible as long as
some circumstantial factors like the use of adequate ammuni-
tion and the risk of diseases are considered.
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