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1  |  INTRODUC TION

The decomposition of organic matter (i.e., detritus) is a crucial part 
of the cycling of energy and nutrients in all ecosystems (Moore et al., 
2004; Swift et al., 1979). Up to 90% of the detritus pool consists of plant 
matter, which represents an enormous quantity in comparison with 
animal detritus (Barton et al., 2013; Swift et al., 1979). Despite being 
such a disproportionally small part of the overall detritus pool, animal 

detritus, predominantly in the form of carcasses, has been shown to 
largely affect ecological communities (e.g., Barton et al., 2013; Barton 
et al., 2019; Benbow et al., 2019), for instance as nutrient- rich food 
source for many organisms (Schoenly & Reid, 1983), through its role in 
the nutrient cycle (e.g., Benbow et al., 2019; Parmenter & MacMahon, 
2009), and by stabilizing food webs (Wilson & Wolkovich, 2011).

The large impact that carcasses may have on ecosystem func-
tioning can be attributed to the ubiquitous nature of the scavenging 
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Abstract
Carcass decomposition largely depends on vertebrate scavengers. However, how 
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lar functional roles. We found a clear distinction between occasional scavengers and 
more specialized scavengers, and we found wild boar (Sus scrofa) to be the dominant 
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different within the scavenger community. We found that overall vertebrate scaven-
ger diversity was positively correlated with carcass decomposition speed. With these 
findings, our study contributes to the understanding about the different functional 
roles scavengers can have in ecological communities.
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behavior across species (DeVault et al., 2003; Wilson & Wolkovich, 
2011). We use the term “scavengers” for all animal species that are 
involved	 in	 the	 process	 of	 carcass	 decomposition.	 Although	 scav-
enging is often overlooked in assessments of vertebrate diet com-
position (DeVault et al., 2003), vertebrate scavengers are often the 
primary consumers of carcasses in terrestrial ecosystems, consum-
ing 35% to 75% of the total carrion pool (DeVault et al., 2003).

The	majority	of	scavenger	species	consumes	carcasses	faculta-
tively, meaning that carcasses occupy varying degrees of importance 
in these species’ diet in addition to other food sources and that these 
species could survive without it (DeVault et al., 2003; Pereira et al., 
2014;	Wilson	&	Wolkovich,	2011).	Although	facultative	scavenging	
is often considered to be an opportunistic feeding mechanism, it has 
recently been shown to be a highly regulated and constant behavior 
for most species, governed by a variety of intrinsic and external fac-
tors (Selva et al., 2005), such as carcass type (Olson et al., 2016), hab-
itat characteristics (Smith et al., 2017), and interguild and intraguild 
interactions (Inagaki et al., 2020; Selva & Fortuna, 2007).

Different scavenger species may fulfill different functional roles 
in the carcass decomposition process (Sebastián- González et al., 
2020, 2021), which would be reflected in differences in behavior and 
preferences for tissues types. For example, Young et al. (2014) ob-
served that common buzzards (Buteo buteo) fed primarily on soft tis-
sues in the early stages of decomposition, while carrion crows (Corvus 
corone) increased their feeding as carcasses went into later stages 
of decomposition and exploited more different body parts. Due to 
such functional differences, the vertebrate species in the scavenger 
guild may complement each other in the removal of carcasses (Olson 
et	al.,	2016).	Cortés-	Avizanda	et	al.	 (2012),	for	 instance,	suggested	
that a diverse and species- rich scavenger community that functions 
synergistically may be the key to the stability and efficacy of car-
cass removal as an ecosystem service. Olson et al. (2012) found that 
the exclusion of an important scavenger species from the scavenger 
guild resulted in incomplete carrion depletion, even when the re-
maining species exhibited a compensatory response to the reduced 
competition.	Accordingly,	Hill	et	al.	(2018)	found	that	the	exclusion	
of vultures resulted in decreased scavenging by facultative scaven-
gers	and	overall	slower	decomposition	rates.	Additionally,	Selva	and	
Fortuna (2007) found that rare scavenger species were more likely 
to forage on carcasses that had already been frequently visited by 
more common scavengers, and suggested that these rare species 
matched their carcass choice with that of scavenger specialists such 
as the common raven (Corvus corax).

However, the different functional roles of vertebrate scavenger 
species and how these relate to the speed of carcass decomposi-
tion	are	still	poorly	understood	(Barton	et	al.,	2013).	As	scavenging	
is a frequently overlooked trophic interaction, studying the different 
functional roles of vertebrate species in the scavenging process in-
creases our understanding of the effect of the vertebrate scavenger 
community on carcass decomposition. This study aimed to deter-
mine the different functional roles of the vertebrate scavengers, 
and how the diversity within the scavenger community relates to 
carcass decomposition speed. We predicted that higher vertebrate 

scavenger diversity would result in more efficient carcass exploita-
tion and therefore in faster carcass decomposition (Griffin et al., 
2008; Hooper et al., 2005).

2  |  METHODS

2.1  |  Study system

We monitored the vertebrate animals that visited 49 carcasses in 
eight Dutch nature areas, in different periods between May 2012 
and	November	 2020	 (Figure	 1).	 A	minimum	of	 two	 carcasses	 had	
been monitored in each of these areas. The carcasses were placed in 
heathlands or forested areas, whereby we avoided completely open 
or densely forested places. Different vertebrate scavenger commu-
nities were present in these areas, allowing us to study the effect 
of different scavenger guilds on the carcass decomposition speed.

2.2  |  Field methods

We used motion- triggered infrared camera traps to monitor the 
decomposition process of carcasses. Different models of cam-
era traps were used throughout the years but all were part of 
the Bushnell Trophy Cam product line. We attached the camera 
traps to trees, shrubs, or actively placed poles at a distance of two 
meters from the carcass at one- meter height and slightly bent 
forward pointing toward the ground, depending on the local cir-
cumstances.	All	carcasses	were	positioned	with	the	abdomen	or	
back to the camera, and tied by the front and rear legs to trees 
or poles using natural ropes to prevent the carcasses from get-
ting dragged out of view. The camera traps were set to videos 
of 60 seconds per trigger, with a two-  or three- second interval 
between the triggers depending on the exact camera model. 
We visited the carcasses approximately every two weeks to re-
place the 32 or 64 GB SD card and to renew the batteries. We 

F I G U R E  1 Map	of	the	Netherlands	showing	the	areas	where	we	
monitored carcasses until depletion. The period of monitoring and 
the number of monitored carcasses per area are indicated
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minimized the time spent and the number of people present at 
the carcass site as much as possible to reduce possible anthropo-
genic disturbance.

In our analyses, we only included carcasses of which the whole 
decomposition process was monitored, resulting in a total of 49 car-
casses (Table S1). The carcasses were obtained from roadkills, ex-
cept	 for	Planken	Wambuis	and	Veluwezoom	National	Park,	where	
the	carcasses	were	obtained	from	culling.	No	animals	were	killed	for	
the purpose of this study. In total, we monitored the carcasses of 
33 roe deer (Capreolus capreolus), seven wild boar (Sus scrofa), four 
European badger (Meles meles), three red deer (Cervus elaphus), one 
sheep (Ovis orientalis), and one fallow deer (Dama dama). Only com-
plete carcasses were monitored, that is, no guts only.

2.3  |  Annotation camera trapping videos

The collected camera trapping videos were uploaded to the online 
platform	Agouti	(WUR	&	INBO,	2021),	from	which	the	footage	was	
annotated. Per video, we annotated (1) the species and the number 
of individuals; (2) the behavior of these animals (Table 1); (3) if ap-
plicable, the tissues that were eaten or collected; and (4) the stage 
of decomposition of the carcass. For the behavior and tissues, we 
annotated the longest and second- longest shown behavior or eaten 
tissue type, resulting in a maximum of two observations each. For 
simplicity, we did not distinguish between these in the further analy-
ses, meaning that both the longest and second- longest shown be-
haviors or eaten tissue type were treated equally. In the case that 
two or more species visited the carcass in the same video, we an-
notated the video for each species separately.

Based on the quality of the videos, we were able to distinguish 
between seven tissue types and three stages of decomposition. For 
the tissue types, we distinguished between: (1) bones and hooves 
(hereafter “bones”); (2) hairs; (3) nose, ears, eyes, anus, and skin on 
the armpits and abdominal region (hereafter “soft tissues”); (4) skin 
on other parts of the body (hereafter “skin”); (5) muscle; (6) organs; 
and (7) insects and larvae that were present on the carcass (hereaf-
ter “insects”), that is, indirect carcass consumption. Some behavioral 

and tissue observations were annotated as unknown. We excluded 
these observations from the analysis.

For the stages of decomposition, we distinguished between: (1) 
the bloated stage, in which the carcass is fresh and/or abdominal 
bloating occurs due to anaerobic microbial activity, and the carcass 
has	no	or	only	minor	injuries	that	do	not	expose	any	entrails;	(2)	the	
active decay stage, characterized by rapid mass and volume loss 
due to increased scavenger activity, and during which at least some 
entrails are exposed; and (3) the advanced decay stage, character-
ized by a flat abdomen and only some parts of the skin and skele-
ton remains, possibly supplemented by some other tissue leftovers 
(Feddern	et	al.,	2019).	Twelve	carcasses	had	such	major	injuries	due	
to the cause of death that their decomposition started in the active 
decay stage.

Per carcass, we noted the day the carcass was placed and 
the day the carcass was fully decomposed to calculate the time 
to depletion per carcass. The carcass was considered as fully de-
composed at the end of the advanced decay stage, when none of 
the carcass remains were visible anymore. The average daily tem-
perature, based on the mean daily temperature from the nearest 
weather	station	(KNMI,	2021),	was	calculated	to	include	in	the	fur-
ther analyses since the ambient temperature has been shown to 
be a primary determinant of carcass longevity (e.g., Farwig et al., 
2014; Parmenter & MacMahon, 2009; Ray et al., 2014). We also 
noted the start month, with January 2012 as month 1— since the 
first carcasses were monitored in 2012— to correct for temporal 
autocorrelation.

3  |  STATISTIC AL ANALYSES AND RESULTS

3.1  |  Functional scavenger groups

All	statistical	analyses	were	done	in	R	version	4.0.2	(R	Core	Team,	
2020). In total, we annotated 6805 videos of vertebrates visiting the 
carcasses. Below, we discuss the statistical analyses together with 
the results as further analyses were determined based on the fore-
going results.

TA B L E  1 Overview	of	the	definitions	we	used	to	annotate	the	behavior	of	the	scavengers	that	were	recorded	by	the	camera	traps

Behavior Abbreviation Definition

Passing PAS Move in front of camera trap without moving body and/or head in the direction of the 
carcass.

Interest INT Body and/or head moves toward the carcass, or mouth/beak touches the carcass 
without any chewing/picking movements.

Eating EAT Mouth/beak touches the carcass, and removing carcass parts by chewing/picking 
movements.

Standing on carcass STA Touching the carcass with legs only; that is, no other body parts other than legs touch 
the carcass.

Intraspecific interaction INTRA Physical and non- physical contact between individuals of the same species.

Interspecific interaction INTER Physical and non- physical contact between individuals of a different species.

Collecting material CM Taking along carcass parts in the direct vicinity of the carcass.



4 of 11  |     WENTING ET al.

We started by determining the functional groups of scaven-
gers in five steps. First, we selected the species that we included 
in the further analyses. This was done by selecting the species that 
showed eating behavior, and from these species, we only selected 
the species with at least 30 observations. This resulted in a total of 
17 species: beech marten (Martes foina), carrion crow, cattle (Bos 
taurus), common buzzard, common raven, domestic cat (Felis catus), 
domestic dog (Canis lupus familiaris), European polecat (Mustela 
putorius), fieldfare (Turdus pilaris), great tit (Parus major), horse (Equus 
caballus), mistle thrush (Turdus viscivorus), red fox (Vulpes vulpes), roe 
deer, song thrush (Turdus philomelos), wild boar, and wood mouse 
(Apodemus sylvaticus).	After	excluding	the	videos	of	the	other	spe-
cies from the data, there were 6548 videos left. In total, we had 
9100 observations of behavioral types and 6752 observations of 
tissue types.

Second, for each species, we calculated the percentage of obser-
vations per decomposition stage, per behavioral type, and per tissue 
type (Table 2).

Third, we calculated for each species the average detection 
time— that is, time until a species visited a carcass for the first time— 
and the average time until first scavenging event— that is, time until 
first	annotation	of	EAT	or	CM	behavior	(Table	2).	Furthermore,	we	
included the average adult body mass in grams for each species 
(Table 2; Jones et al., 2009), as a proxy of their capacity to tear open 
the carcass’ skin, exposing more body parts of the carcass, thus en-
abling	more	carcass	parts	being	consumed	(e.g.,	Freeman	&	Lemen,	
2008).

Fourth, the collected information per species as described in 
the second and third step (Table 2) was analyzed with a principal 
component	analysis	 (PCA)	 in	order	to	group	the	species	with	the	
most similar scavenging habits (Figure 2a). This resulted in three 
groups: (1) the Grazers (G), consisting of cattle and horse; (2) the 
Occasionals (O), consisting of fieldfare, great tit, mistle thrush, roe 
deer, song thrush, and wood mouse; and (3) the more specialized 
scavengers.	Based	on	this	PCA	(Figure	2a),	beech	marten	was	lo-
cated between the group Occasionals and Specialists, but due to 
its	 characteristics,	 especially	 low	PAS	behavior	 (Table	2),	we	de-
cided to group this species with the Specialists. The group Grazers 
was	characterized	by	a	low	percentage	of	EAT	behavior	(5%	on	av-
erage),	and	relatively	high	INT	and	PAS	behavior	(36.5%	and	49%	
on average, respectively). This group can be characterized by its 
high adult body mass. The group Occasionals was characterized 
by	relatively	 low	EAT	and	CM	behavior	(12%	and	5%	on	average,	
respectively)	and	a	high	percentage	of	PAS	behavior	 (67%	on	av-
erage). The only tissue types identified for this group were hairs, 
insects, and skin.

Last,	we	used	an	additional	PCA	to	further	analyze	the	species	
we grouped as Specialists (Figure 2b). Based on this analysis, we 
subdivided this group into three groups: (1) the Birds (B), consist-
ing of carrion crow, common buzzard, and common raven; (2) the 
Mammals (M), consisting of beech marten, domestic cat, domestic 
dog, European polecat, and red fox; and (3) the Wild boar (W). The 
group Birds was characterized by a prevalence for the active decay 

stage	(71%	on	average)	and	the	occurrence	of	STA	behavior	for	all	
species. The group Mammals had a larger body mass on average 
than	the	group	Birds	(9,071	and	817	grams,	respectively).	Although	
species in the group Mammals were the most scattered and there 
was no single distinctive trait they all shared, this group was char-
acterized	by	a	percentage	of	PAS	behavior	lower	than	35%.	Due	to	
its	high	body	mass,	high	percentage	of	EAT	behavior,	and	high	per-
centage	of	INTRA	behavior	(Table	2),	which	indicates	a	larger	group	
size compared with the other species, we decided to treat wild boar 
as	a	separate	group.	We	used	the	FactoMineR	(Le	et	al.,	2008)	and	
factoextra (Kassambara & Mundt, 2017) packages to compute and 
visualize	both	PCAs.

Summarized, for further analysis, we divided the scavengers 
that visited the carcasses into five groups: (1) the Grazers (G); (2) the 
Occasionals (O); (3) the Birds (B); (4) the Mammals (M); and (5) the 
Wild boar (W).

3.2  |  Carcass depletion time versus 
scavenger groups

We analyzed in three steps how the time until carcass depletion was 
influenced by the presence of particular scavenger groups. First, 
we made an overview of which groups were present per carcass. 
In total, there were 15 combinations of scavenger groups observed 
(Table S2a).

Second, since we noted that there were only six carcasses where 
the group Grazers was involved, spread over four combinations of 
groups, we tested whether the presence of the group Grazers influ-
enced the depletion time, that is, time until the end of the advanced 
decay stage. We selected the carcasses with the combination of 
groups with the group Grazers present and the carcasses with the 
same combination of groups without the group Grazers present. 
Using a linear mixed- effect model (Kuznetsova et al., 2017) with 
days to depletion as dependent variable, the group Grazers presence 
or absence and carcass initial state as fixed factors, mean daily tem-
perature as covariate, and area, start month, and carcass species as 
random factors, we found no difference between the group Grazers 
presence	or	absence	(LMM,	df = 3.676, F = 0.388, p = .570). Carcass 
initial	state	(LMM,	df = 17.975. F = 0.982, p = .335) and mean daily 
temperature	(LMM,	df = 16.445, F = 1.925, p = .184) were not sig-
nificant. Therefore, we decided to constitute the carcass groups 
without incorporating the presence or absence of the group Grazers. 
This resulted in 11 combinations of groups (Table S2b).

Last,	 from	 these	 11	 combinations	 of	 groups,	 we	 selected	 the	
combinations that represented at least four carcasses (Table S2c). 
This resulted in four carcasses being excluded from further analysis. 
In total, we analyzed eight combinations of groups for differences 
in depletion time (Figure 3), using a linear mixed- effect model with 
days to depletion as dependent variable, the scavenger groups and 
carcass initial state as fixed factors, mean daily temperature as co-
variate, and area, start month, and carcass species as random factors. 
We found that carcasses with the groups Mammals and Occasionals 
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present decomposed slower than three other groups: carcasses with 
only Mammals present; carcasses with Mammals, Birds, and Wild 
boar present; and carcasses with Mammals and Wild boar present. 
We also found that carcasses with only Mammals present decom-
posed faster than carcasses with Mammals, Birds, and Occasionals 
present	 (Figure	3;	LMM,	df = 22.673 F = 7.200; p <	 .001).	Again,	
carcass	initial	state	(LMM,	df = 29.229, F = 3.957, p = .056) and mean 
daily	temperature	(LMM,	df = 32.558, F = 2.295, p = .139) were not 
significant.

3.3  |  Dominant scavenger group

Next,	 we	 tested	 whether	 the	 decomposition	 process	 was	 signifi-
cantly sped up by the presence of a particular scavenger group. We 
used again linear mixed- effect models and included the same co-
variate, fixed factor, and random factors as described before. We 
found that the presence of the group Wild boar accelerated the time 
to	carcass	depletion	(Figure	4a;	LMM,	df = 1, F = 4.509; p = .045). 
We did not find an effect for the presence of the group Mammals 

F I G U R E  2 PCA	biplots	of	(a)	all	the	
selected 17 species, and (b) the species 
defined as specialists. The circles indicate 
the scavenger groups we defined
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(Figure	4b;	LMM,	df = 1, F = 0.453, p = .504), nor for the presence 
of	 the	group	Birds	 (Figure	4c;	LMM,	df = 1, F = 1.035, p = .315). 
When the group Occasionals was present, we found that the time 
till	depletion	was	longer	than	their	absence	(Figure	4d;	LMM,	df = 1, 
F = 14.373, p < .001). Thus, we defined the Wild boar as the domi-
nant scavenger group in our study system.

3.4  |  Scavenger diversity

We studied the effect of scavenger diversity on the speed of car-
cass decomposition in two ways. First, we calculated Shannon's 
diversity index based on the vertebrate scavenger species per 
carcass (Oksanen et al., 2020). Using a linear mixed- effect model 
with depletion time as dependent variable, diversity index and 

carcass initial state as fixed factors, mean daily temperature as 
covariate, and area, start month, and carcass species as random 
factors, we found a positive correlation between scavenger di-
versity	and	carcass	depletion	time	(Figure	5a;	LMM,	df = 42.533, 
F = 11.408, p =	 .002).	Carcass	 initial	 state	 (LMM,	df = 42.572, 
F = 0.192, p =	 .664)	 and	 mean	 daily	 temperature	 (LMM,	
df = 22.178, F = 3.554, p = .073) were not significant.

Second, we tested whether the diversity was higher when more 
scavenger groups were present on carcasses with a linear mixed- 
effect model with the diversity index as dependent variable, the 
carcass groups and carcass initial state as fixed factors, and the 
previously	mentioned	 covariate	 and	 random	 factors.	Although	we	
found that most of the scavenger groups did not differ in the di-
versity index, we did find that the carcasses with all the scavenger 
groups— Mammals, Birds, Wild boar and Occasionals— present had 

F I G U R E  3 Time	until	carcass	depletion	per	scavenger	group	combination.	The	scavenger	group	combinations	from	left	to	right:	M,	
Mammals; MB, Mammals and Birds; MBO, Mammals, Birds, and Occasionals; MBW, Mammals, Birds, and Wild boar; MBWO, Mammals, 
Birds, Wild boar, and Occasionals; MO, Mammals and Occasionals; MW, Mammals and Wild Boar; and MWO, Mammals, Wild boar, and 
Occasionals. *p < .05

F I G U R E  4 Time	until	carcass	depletion	
per scavenger group presence: (a) the 
wild boar, (b) mammalian scavengers, (c) 
scavenging birds, and (d) occasionals. 
*p < .05
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higher Shannon's diversity index than the carcasses with only the 
group Mammals and the groups Mammals and Wild boar present, 
and that the carcasses with Mammals, Birds, and Occasionals pres-
ent had higher Shannon's diversity index than carcasses with only 
Mammals	present	(Figure	5b;	LMM,	df = 23.437, F = 5.729, p < .001). 
Again,	carcass	initial	state	(LMM,	df = 30.957, F = 0.298, p = 0.589) 
and	mean	daily	temperature	(LMM,	df = 25.048, F = 0.302, p = .587) 
were not significant.

4  |  DISCUSSION

This study aimed to determine whether functional differences 
among vertebrate scavengers occur, and how the diversity within 
the scavenger community relates to carcass decomposition speed. 
It became clear that the 17 selected vertebrate scavenger species 
were benefited from the presence of carcasses in different ways 
(Figure 2a,b; Table 2). More specialistic bird and mammal species, 
for example, common raven and European polecat, mainly used the 
carcasses directly as a food source, while occasional scavengers, 
for example, great tit and song thrush, used the carcasses rather 
indirectly by feeding on insects that they found on or close to the 
carcass. Great tit in particular often collected hair from the car-
casses, which they presumably use for nest lining (Ondrušová & 
Adamík,	2013).

Although	 the	 grazers—	cattle	 and	 horse—	and	 one	 occasional	
scavenger— roe deer— are commonly known as obligate herbivores 
(Duncan & Poppi, 2008; Rørvang et al., 2018), we observed them 
sometimes	 showing	 EAT	 behavior	 (Table	 2).	 Cattle	 was	 observed	
eating on bones and skin, horse on skin and soft tissue, and roe deer 
on hairs and skin (Table 2). These are all superficial and thus easily 

accessible, tissues types, indicating that these obligate herbivores 
tend to only scavenge in a simple and casual way. Scavenging by 
mammalian herbivores is a well- documented phenomenon (Dudley 
et al., 2016), that is presumably a way for these species to ingest 
nutrients, which are otherwise rare in their diet (Bazely, 1989). This 
might imply that these species can find some nutrients that are ben-
eficial to them in the tissues they consumed, for example, sodium 
(Na),	magnesium	(Mg),	phosphorus	 (P),	and	potassium	(K)	 from	the	
skin and hairs, and calcium (Ca) and P from the bones (Wenting et al., 
2020).

Among	the	non-	herbivore	vertebrate	species,	the	two	domes-
tic species in our data— dog and cat— contributed to the decom-
position process of some carcasses. Most of these animals may 
be owned by humans in the surroundings of the study sites. For 
the	dogs,	we	observed	 that	 they	all	wore	a	dog	collar.	Although	
there were no visible indications that the cats were owned by hu-
mans, we assumed that the observed individuals were suburban 
or farm cats since we only observed them on carcasses that had 
the nearest farm or house within a radius of 800 meters, which 
is a distance that could easily fall within a cat's home range (e.g., 
Barratt, 1997; Meek, 2003). Therefore, we presumed that these 
species	did	not	have	a	 real	need	 to	consume	carcasses.	Like	ob-
ligate herbivores, their scavenging behavior can be described as 
only a minor part in their total diet. For this reason, it is unlikely 
that the presence of these species would replace or overrule the 
role of other— probably more important— scavenger species in the 
community	 (Huijbers	 et	 al.,	 2015).	 Among	 the	 other	 specialized	
scavenger species, there were instances of direct competition 
between individuals for carcasses, which never occurred among 
the grazers or occasional scavengers, indicating that the carcasses 
were an important resource for these species.

F I G U R E  5 Scavenger	diversity—	as	
Shannon's diversity index— versus (a) 
the time until carcass depletion, and (b) 
over the scavenger group combinations. 
The scavenger group combinations: BW, 
Birds and Wild boar; M, Mammals; MB, 
Mammals and Birds; MBO, Mammals, 
Birds, and Occasionals; MBW, Mammals, 
Birds, and Wild boar; MBWO, Mammals, 
Birds, Wild boar, and Occasionals; MO, 
Mammals and Occasionals; MW, Mammals 
and Wild Boar; MWO, Mammals, Wild 
boar, and Occasionals; W, Wild boar; and 
WO, Wild boar and Occasionals. *p < .05
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The behavior exhibited by the vertebrate species was consis-
tent between our study areas; however, we cannot conclude that 
the scavenging behavior of these species would be the same across 
regions. The wood mouse, for example, was characterized as an 
occasional scavenger with very little eating behavior in our study 
(Table	2),	while	Young	et	al.	(2014)	found	carrion	to	be	a	major	part	
of their diet in the United Kingdom. This is probably a reflection 
of the local resource availability as wood mouse prefers to forage 
on seeds but relies on carrion when their preferred food source is 
scarce	(Montgomery	&	Montgomery,	1990;	Young	et	al.,	2014).	As	
another example, carrion crow and European polecat were among 
the more prevalent scavengers— classified as scavenging bird and 
mammalian scavenger, respectively— in our study, while Selva et al. 
(2005) described these species as minor, occasional scavengers in 
Bialowieza Primeval Forest, Poland. Since all the selected scavenger 
species in our study are facultative scavengers, resource availability 
presumably played an important role in determining their level of 
scavenging behavior.

Olson et al. (2012) found that the exclusion of key scavenger 
species from a community resulted in a longer depletion process. 
Obligate scavengers as vultures are often considered as the stron-
gest competitors in the terrestrial scavenger guild (Houston, 1979) 
that can increase interspecific competition (e.g., Sebastián- González 
et al., 2013) and in turn speed up carcass decomposition speed 
(Cortés-	Avizanda	et	al.,	2012;	Hill	et	al.,	2018;	Ogada	et	al.,	2012).	
Although	such	obligate	scavengers	were	absent	from	our	study	sys-
tem, we found wild boar to be the dominant scavenger, with its pres-
ence enhancing the carcass decomposition speed (Figure 4a). Wild 
boar belonged to the species with the highest intraspecific interac-
tion behavior (Table 2), indicating their social nature (e.g., Dardaillon, 
1988; Maselli et al., 2014; Sebastián- González et al., 2021). These 
results do not suggest that interspecific interactions between wild 
boar and other species did not occur, but is presumably a limitation 
of the annotation protocol that we used since we only annotated the 
longest and second- longest shown behavioral type. Thus, we can-
not conclude that interspecific interactions were absent, but we can 
conclude that intraspecific interactions occur more frequently and 
for longer periods than interspecific interactions. Vultures are de-
scribed as the most specialistic species, able to rapidly consume car-
casses	(e.g.,	Cortés-	Avizanda	et	al.,	2014;	Mateo-	Tomás	et	al.,	2017),	
and potentially triple the carcass decomposition speed (Ogada et al., 
2012).	Although	we	found	that	Wild	boar	presence	did	enhance	the	
decomposition speed (Figure 4a), we cannot conclude that wild boar 
had such a tremendous effect. Therefore, although we denote wild 
boar as the dominant scavenger species in our study system, we 
cannot argue that this species had a comparable effect in our study 
system as vultures may have elsewhere.

Contrary to our expectation that a higher scavenger diversity 
would result in faster carcass decomposition, our results showed 
the opposite (Figure 5a). Probably our results can be explained by 
the longer monitoring periods when carcasses are decomposed at 
slower rates, resulting in longer windows of opportunity for species 
to	detect	and	utilize	the	carcasses	(Baruzzi	et	al.,	2018).	Accordingly,	

we found a higher diversity for carcasses with more scavenger 
groups involved in their decomposition process correlated with slow 
decomposition speed (Figure 5b). This implies that a slower carcass 
decomposition process would promote biodiversity the most, espe-
cially when taking into account the invertebrate species (e.g., Barton 
& Evans, 2017), while fast carcass decomposition by only a few ver-
tebrate scavenger species might more substantially promote other 
natural processes, for example, the nutrient cycle, which is a key 
natural	process	for	ecosystem	functioning	 (e.g.,	Ngai	&	Srivastava,	
2006). We speculate that the existence of variety in both the car-
cass decomposition speed and the differences in scavenger diver-
sity within an ecosystem would contribute most to biodiversity and 
overall ecosystem functioning simultaneously.

In conclusion, defining the most dominant scavenger species in 
an ecosystem, complemented with the scavenger specialists and oc-
casional scavengers, provides more insights into the role that the 
scavenging process plays in the area, and how it would affect biodi-
versity and fundamental natural processes simultaneously.
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