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Abstract

Carrion is a valuable resource exploited not only by obligate scavengers but also by a wide variety of facultative scavengers.
These species provide several important ecosystem services which can suffer if the scavenger community composition is
altered, thus reducing the ecosystem provided. We studied the response of the Mediterranean facultative scavenger community
to the exclusion of larger scavenger species (red fox Vulpes vulpes, European badger Meles meles, and wild boar Sus scrofa)
using an exclusion fence permeable to small scavenger species (mainly Egyptian mongoose Herpestes ichneumon, common
genet Genetta genetta, and stone marten Martes foina). The exclusion of dominant facultative scavengers led to a significant
reduction in the amount of carrion consumed and an increase in carrion available for smaller species and decomposers, over
a longer period of time. Although carrion consumption by the non-excluded species increased inside the exclusion area rela-
tive to the control area, it was insufficient to compensate for the carrion not eaten by the dominant scavengers. Of the small
scavenger species, only the Egyptian mongoose significantly increased its carrion consumption in the exclusion area, and
was the main beneficiary of the exclusion of dominant facultative scavengers. Therefore, altering the facultative scavenger
community in Mediterranean woodlands can reduce the efficiency of small carcass removal and benefit other opportunistic
species, such as the Egyptian mongoose, by increasing the carrion available to them. This interaction could have substantial
implications for disease transmission, nutrient cycling, and ecosystem function.
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Introduction

Scavenging plays an important role in the maintenance of
ecological processes, affecting species assemblages and eco-
system function (Ogada et al. 2012; DeVault et al. 2016;
Sebastian-Gonzalez et al. 2016). In addition, scavengers
provide important supporting, regulatory, and cultural eco-
system services (Mole6n et al. 2014; DeVault et al. 2016).
For example, the elimination of carrion by scavengers can
reduce the probability of disease transmission (Markandya
et al. 2008; Ogada et al. 2012; Vidal et al. 2013), enhance
redistribution and energy transfer pathways within an
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ecosystem (DeVault et al. 2003, 2011), regulate the negative
ecological impacts of some species that can use subsidiary
food sources (Butler and du Toit 2002; Oro et al. 2013), or
reduce the need for human management of carrion resulting
from livestock production and hunting activities (Margalida
et al. 2011; Margalida and Colomer 2012; Mateo-Tomas
et al. 2015). It is therefore necessary to understand the rela-
tionships within, and functions of, scavenger communities,
and how changes in these communities can affect their over-
all scavenging efficiency.

The extirpation of top predators and the cessation of per-
secution of mesocarnivores as a result of their legal protec-
tion have triggered the growth of mesocarnivore populations
in many areas (Reynolds and Tapper 1996; Moreno-Opo
et al. 2015; Jimenez et al. 2019). The lack of apex predators
has allowed an increase in facultative scavengers such as
red fox Vulpes vulpes, European badger Meles meles, and
wild boar Sus scrofa that can dominate carrion use through
their significant body-size and adaptations to find and use
carrion efficiently (Butler and du Toit 2002; Stiegler et al.
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2020; Tobajas et al. (in press). In addition to this, the con-
tinued increase of landscape fragmentation and agricultural
encroachment tends to favor more adaptable species and has
led to the dominance of abundant generalist mesopredator
species (Swihart et al. 2003; Carricondo-Sanchez et al.
2016; Jahren et al. 2020; Tobajas et al. (in press). Despite
the importance of scavengers for ecosystem services and
human health, very little is known about the interactions
between mammalian scavenger species in Mediterranean
ecosystems (Sebastidn-Gonzéalez et al. 2013, 2016; Pardo-
Barquin et al. 2019). Research is therefore needed to explore
mammalian scavenger communities and their interactions,
with special emphasis on the roles that key species play in
human-altered landscapes (Carricondo-Sanchez et al. 2016;
Jahren et al. 2020).

The competitive interactions between scavenger species
depend on several factors related to scavenger type (i.e. avian
vs mammalian), habitat (Sebastian-Gonzalez et al. 2013;
Turner et al. 2017; Pardo-Barquin et al. 2019), activity pat-
terns (DeVault and Rhodes 2002; Carrasco-Garcia et al.
2018), scavenging efficiencies (Moreno-Opo et al. 2016;
Tobajas et al. (in press), carcass types (Moreno-Opo et al.
2015; Turner et al. 2017), season Tobajas et al. (in press),
and body-size ratios (Butler and du Toit 2002; Amoros et al.
2020). In the case of competition between vultures and
mammalian scavengers, habitat determines their relative effi-
ciency of carrion exploitation (Pardo-Barquin et al. 2019);
vultures are highly efficient at carcass location in open areas
(Ogada et al. 2012; Hill et al. 2018), but limited in their
carcass detection abilities in forested areas (DeVault and
Rhodes 2002; Stiegler et al. 2020). Therefore, competition
for carrion in woodland areas is generally between ground
dwelling, mammalian facultative scavengers, with domi-
nance in carcass usage being determined by their respective
body-sizes, scavenging efficiencies, and activity patterns, as
well as by weather conditions (DeVault and Rhodes 2002;
Butler and du Toit 2002; Carrasco-Garcia et al. 2018; Toba-
jas et al. (in press). When vultures are absent, mammalian
scavengers can increase their carrion consumption and
abundance (Ogada et al. 2012; Morales-Reyes et al. 2017;
Cunningham et al. 2018). However, mammals take longer
to detect and consume carcasses than vultures and the pro-
portion of carcasses not located or consumed by vertebrates
increases (Olson et al. 2012; Hill et al. 2018), reducing the
efficiency of the ecosystem services provided by the scaven-
ger guild. Nonetheless, the detailed effects of modifications
to the mammalian scavenger community are still understud-
ied (Olson et al. 2012; Cunningham et al. 2018; Hill et al.
2018), particularly regarding the roles of, and interactions
between, the main scavenger species of Mediterranean eco-
systems (Sebastidn-Gonzilez et al. 2016).
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The aim of this study was to evaluate the response of the
mammalian facultative scavenger community in Mediter-
ranean woodland ecosystems to the exclusion of the larger,
dominant scavenger species from access to carcasses, using
fences permeable only to small species. To this end, we
experimentally placed rabbit carcasses inside and outside
a fenced plot in a Mediterranean woodland area and used
camera-traps to record the foraging activity of mammalian
scavengers. We predicted that when dominant facultative
scavengers were excluded from carcasses, there would be:
(1) a decrease in the scavenging efficiency of the scaven-
ger community, increasing the time from carcass placement
to their fully consumption (the persistence time) and the
number of carcasses not fully eaten; (2) an increase in the
scavenging activity of smaller, subordinate facultative scav-
enger species; and (3) that other singular opportunistic spe-
cies would be favored by the removal of larger dominant
scavengers.

Methods
Study area

The study was carried out in the Picén municipality
(4°5'0"W, 39°5'0"N) in Ciudad Real province, central Spain
(Fig. 1). The vegetation of the landscape is characterized by
a mixture of Mediterranean scrubland (dominated by holm
oak Quercus ilex rotundifolia and crimson-spot rockrose
Cistus ladanifer, wild olive trees Olea europaea silvestris),
surrounded by agricultural olive orchards and cereal fields.
The climate is Mediterranean, with wet and mild winters
and dry and hot summers. The human presence in the area
is related to agricultural activities and to seasonal hunting
activity in winter. At least ten years before our study, a semi-
permeable fenced plot was built inside the study area by
local hunters as part of a rabbit population recovery program
involving reintroduced rabbits (see Descalzo et al. 2021).
The fencing provided a safe area to reduce rabbit predation
by mesocarnivores during the first days after their release,
when they are most vulnerable (Moreno et al. 2004; Tobajas
et al. 2020a). Our study area therefore comprised two parts,
the fenced exclusion area and the control area consisting of
three plots surrounding the fenced plot with and approximate
monitored area of 74 ha. The exclusion area consisted of a
0.42 ha plot surrounded by a 1.5 m high wire netting fence
with an 0.85 m wide outside overhang and passageways
under the fence (66 cm wide X 8 cm high) originally intended
for dispersing rabbits to leave the fenced area and recolonize
the surroundings. The mammalian scavenger community in
the general study area comprised red fox, Egyptian mon-
goose Herpestes ichneumon, stone marten Martes foina,
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Fig. 1 Map of the study area in the Picon municipality (Castilla-La Mancha, Spain). The control areas consisted in the woodland area within the

black squares

European badger, common genet Genetta genetta, weasel
Mustela nivalis, and wild boar.

Carcass monitoring

A total of 412 gutted rabbit carcasses were spread across
the exclusion (n=104) and control areas (n=308) between
October and April of 2016 and the same period of 2017.
The distance between nearest carcasses in the control area
ranged between 204-637 m with an average of 10.62 +3.22
SD carcasses placed each week, and with between 4 and
14 carcasses placed simultaneously (Fig. 1). Due to the
small size of the exclusion area, an average of 3.59 +1.05
SD carcasses were distributed inside the fenced plot each
week, ranging between 1 and 4 carcasses simultaneously.
The exclusion area was permeable to small carnivores. The
smaller species, such as the Egyptian mongoose, could enter
through the underground passageways, while those good at
climbing, such as the stone marten and the common genet,
could easily scale the exclusion fence. However, the fence
was impermeable for larger species such as red fox, Euro-
pean badger, and wild boar.

To document scavenging events, we placed infrared
camera-traps (Spartan SR1-BK®, HCO Outdoor Products,

Norcross, Georgia, USA) on trees around 50-60 cm above
the ground in front of the wooden stakes to which rabbit
carcasses were tied. The carcasses were hidden under loose
piles of stones to avoid detection by aerial scavengers and
allowing the mammalian scavengers to detect it by the smell.
Cameras were programmed to record 10-s videos with a
minimum time delay (0 s) between consecutive recordings to
maximize the number of videos taken per scavenging event.
The cameras were active 24 h/day and were visited approxi-
mately every seven days for carcass replacement, camera-
trap maintenance, and data download. Carcasses were only
left out for seven day periods because insect and microbial
activity rapidly depleted the carcasses, reducing the prob-
ability of their consumption by mammalian scavengers
(DeVault et al. 2004). Carcass consumption was recorded
as a binomial value (consumed/not consumed) because the
carcasses were either totally consumed or removed by scav-
engers (at the first scavenging event) as a consequence of
their small size. Small mammal and bird species observed
at carcasses were not considered in the analysis due the dif-
ficulty of obtaining camera evidence of their scavenging
activities. Birds normally pecked several times at a carcass
before flying off, and were probably eating flies, worms, or
very small pieces of carrion. One carcass was completely
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consumed by a Northern goshawk Accipiter gentilis and this
was excluded from the analysis.

The camera footage was analyzed to record the species,
date, and time of each scavenging event. Camera trap data
were used to establish the composition of the scavenger
community, the feeding efficiency of each species, and
carcass persistence time. We used this data to compare the
exclusion and control areas. To determine how the scavenger
community utilized the carrion, we calculated the proportion
of carcasses consumed by each scavenger species from the
total carcasses placed in each area (Table 1). To evaluate
carcass persistence, we estimated the carcass consumption
time for each carcass as the time in days between carcass
placement and its complete consumption by scavengers.

Statistical analyses

To assess the scavenging efficiency of the facultative scaven-
ger community, and whether the exclusion treatment reduced
the total carcass consumption, we used a General Linear
Mixed Model (GLMM) with binomial error and logit link
function using the carcass consumption (consumed vs not
consumed) as a response variable, the treatment area as a
factor (exclusion vs control), and each carcass site as a ran-
dom factor to account for differences among specific loca-
tions. To assess the effect of exclusion on carcass consump-
tion by the non-excluded species, we fitted a GLMM with
binomial error and logit link function using carcasses con-
sumption from the non-excluded species as a response vari-
able. The treatment area was included as a factor and carcass
location as a random factor. At the species level, to assess
whether some facultative species were favored by the exclu-
sion of the larger scavengers, we constructed GLMMs with
binomial error and logit link function using the carcasses
consumption of each non-excluded species as a response

variable, the treatment area as a factor, and carcass location
as a random factor. Data regarding unidentified scavengers
(n=3 carcasses) due to camera failure were not used for
the analyses of non-excluded species. The normality of the
residuals was checked visually and using the Shapiro—Wilk
Normality Test and Q—Q Plots to meet homoscedasticity
assumptions. A p-value < 0.05 was used to determine statis-
tical significance for all analyses. All GLMMs were fitted
using the “nlme” and “rcompanion” packages with R soft-
ware version 4.0.0 (R Core Team 2020).

Finally, we used the Kaplan—Meier procedure to compare
carcass persistence times in the exclusion and control areas
using the R package “survival”. We chose this procedure
because of the single binary predictor describing carcass
removal with time (Hill et al. 2018).

Results

The proportion of carcasses consumed by vertebrate scav-
engers was 37.5% in the exclusion area and 76.9% in the
control area (Table 1). The main scavenger species in the
control area were red fox, Egyptian mongoose and Euro-
pean badger, accounting for 23.7%, 20.1% and 17.9% of
consumed carcasses, respectively (Table 1). Other scaven-
ger species with relative importance in control areas was
the feral dog (Canis lupus familiaris), consuming more car-
casses (5.8%) than other wild scavengers such as wild boar
(4.6%) or stone marten (3.6%) (Table 1). In the exclusion
area the main scavengers were the Egyptian mongoose with
31.7% of consumed carcasses, followed by the stone marten
and common genet (2.9% and 1.9% respectively; Table 1).
The GLMM models found that the proportion of car-
casses consumed within the exclusion area was signifi-
cantly lower (F; 37, =17.23, p <0.001) than in control areas

Table 1 Consumed carcasses

R Species
by each scavenger species in the

Exclusion area Control area

exclusion and control areas, as n % n %

well as carcass persistence time

in days Common genet (Genetta genetta) 2 19 1 0.3
Egyptian mongoose (Herpestes ichneumon) 33 31.7 62 20.1
European badger (Meles meles) 0 0 55 17.9
Feral dog (Canis lupus familiaris) 0 0 18 5.8
Red fox (Vulpes vulpes) 0 0 73 23.7
Stone marten (Martes foina) 3 2.9 11 3.6
Weasel (Mustela nivalis) 1 1 0 0
Wild boar (Sus scrofa) 0 0 14 4.6
Unidentified 0 0 3 0.9
Carcasses not consumed 65 62.5 71 23.1
Total carcasses consumed 39 37.5 237 76.9
Mean persistence time in days (SE) 5.40 (0.59) 3.75 (0.25)

The standard errors for the persistence time values are shown in brackets
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(Fig. 2), showing a loss of efficiency when the dominant fac-
ultative scavengers are excluded. In contrast, the proportion
of carcasses consumed by the species not excluded did not
differ significantly between the exclusion and control areas
(F374=2.63, p=0.114), although it was slightly higher in
the exclusion area (0.375) than in the control area (0.246)
(Table 1). However, the proportion of carcasses consumed
by the Egyptian mongoose was significantly higher in the
exclusion area compared to the control area (F 37, =4.38,
p=0.044), and this species clearly benefited the most from
the exclusion of the larger facultative scavengers (Table 1,
Fig. 4). In contrast, with respect the proportion of car-
casses consumed, no significant differences were found
between study areas for the common genet (F; 374=2.90,
p=0.1) and the stone marten (¥ 3,,=0.03, p=0.856).
The Kaplan—Meier survival analysis showed that carcasses
persisted for longer within exclusion area (X21,412:43-19
p <0.001) compared to the control area (Fig. 3).

Discussion

Our findings show that exclusion of the larger facultative
scavengers reduces the overall efficiency of the scavenger
community (Olson et al. 2012; Cunningham et al. 2018),
reducing the consumption of carrion by half (Fig. 2). This
increase in the proportion of carcasses not consumed in
the exclusion area was partially compensated for by the
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increased activity of smaller species not excluded, mainly
by the Egyptian mongoose. Nevertheless, the increased
consumption rates of Egyptian mongoose in the exclu-
sion area were not enough to compensate for the loss
of efficiency due to the absence of the excluded species

1.00

g e
24 ~
S 2

Proportion of carcasses consumed

I
N
2]

0.00

Control Exclusion
Area

Fig.4 Mean proportion and 95% confidence intervals of rabbit car-
cass consumption by the Egyptian mongoose in the exclusion and
control areas
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(Cunningham et al. 2018; Hill et al. 2018). The inability
of vultures to effectively utilize carrion in wooded areas
probably means that they were unable to offset the reduc-
tion in carrion taken by the larger mammalian scavengers
(Turner et al. 2020). Therefore, our prediction 1 (that a
decrease in scavenging efficiency increases the persistence
time and proportion of carcasses not consumed) was sup-
ported, but not prediction 2 (that a significant increase
would occur in the scavenging activity of the non-excluded
mammalian facultative scavenger species).

We expected that the exclusion of dominant scavenger
species by body-size would allow other smaller scavengers
to expand their spatial and temporal habitat use (Monter-
roso et al. 2014, 2020; Jimenez et al. 2019), and thus
scavenge more carcasses (Cunningham et al. 2018). Also,
that the lack of dominant scavengers, and the removal of
their monopoly on carcasses, would result in more carrion
available for small scavengers (DeVault et al. 2011; Olson
et al. 2012; Cunningham et al. 2018). Our results showed
that only the Egyptian mongoose significantly increased
its carrion consumption in the exclusion area compared to
the control area (Fig. 4), but that the other small scaven-
gers in the study area (stone marten and common genet)
did not increase their consumption in the same way. The
Egyptian mongoose is an opportunistic predator and used
rabbit carcasses with a higher frequency than these other
small carnivores which could be more focused on other
food resources (Santos et al. 2007; Ferreras et al. 2011).
The Egyptian mongoose is also a diurnal predator and
can perhaps detect carrion more quickly owing to carrion
odor increases during the warmer daylight hours during
the winter period, when the study was mainly carried out
(Turner et al. 2017; Tobajas et al. (in press). For these
reasons, our prediction 3, that other singular opportun-
istic species would be favored by the removal of larger
dominant scavengers, was confirmed by the significant
increase in the scavenging activity of Egyptian mongoose.
However, the increase in mongoose scavenging could not
compensate for the reduction in carrion consumption by
its two main competitors in the study area, the red fox
and the European badger (Table 1). Red foxes have been
described as facultative predators of rabbits, their main
food resource when they are abundant (Delibes-Mateos
et al. 2008) and have also been observed scavenging effi-
ciently on rabbit carcasses and other carrion types in the
Iberian peninsula (Tobajas et al. 2020a, under review).
Similarly, while European badgers have been reported
scavenging rabbit carcasses (Tobajas et al. 2020a), they
usually predate mainly young rabbits inside burrows rather
than taking adult rabbits above ground (Martin et al. 1995;
Fedriani et al. 1998). However, our data showed that Euro-
pean badgers are important facultative scavengers on rab-
bit carcasses in Mediterranean woodlands.
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The diminution of scavenger guild richness can produce
a reduction in ecosystem function, and although there are
compensatory effects, these may not be sufficient to compen-
sate for these losses (Olson et al. 2012; Turner et al. 2017).
Not only is the loss of richness important, but the identity
and specific role of an individual scavenging species will
determine the impact of its loss on the ecosystem (DeVault
et al. 2011; Cunningham et al. 2018). Our data show that
the loss or exclusion of larger scavengers produces a sig-
nificant decrease in the overall efficiency of the scavenger
community (Table 1, Figs. 2, 3), increasing the amount of
carrion available in the environment for other opportunistic
and non-targeted species and potentially increasing the prob-
ability of disease transmission (McColl et al. 2002; Mar-
kandya et al. 2008; Vidal et al. 2013). This unbalanced situ-
ation can benefit some species increasing its abundance and
thereby lead to potentially negative effects on other species,
such as prey (Cortés-Avizanda et al. 2009; Tobajas et al. (in
press). However, the increased persistence time of carcasses
enables colonization by a diverse community of carrion-
feeding insects and increased microbial activity (DeVault
et al. 2004; Mufioz-Lozano et al. 2019) providing increased
food resources to species outside the mammalian scavenging
community (Moreno-Opo and Margalida 2013).

A lack of top predators and the resulting ecosystem con-
sequences have been widely studied (Elmhagen et al. 2010;
Ripple and Beschta 2012; Jimenez et al. 2019), but there is
little information on the effects on the facultative scavenger
community (Wilson and Wolkovich 2011; Cunningham et al.
2018; Turner et al. 2020). Studies have mainly focused on
the effects of the disappearance of obligate scavengers such
as vultures, showing that their loss considerably reduces
the efficiency of carrion removal (Sebastian-Gonzalez et al.
2013; Hill et al. 2018), with a resultant loss of regulatory
ecosystem services (e.g. the reduction of disease transmis-
sion, the management of carrion produced by livestock
production and hunting activities, or the regulation of spe-
cies that use carrion as subsidiary food sources, Markandya
et al. 2008; Margalida and Colomer 2012; Oro et al. 2013;
Morales-Reyes et al. 2017). However, the roles of facultative
scavenger guilds such as mesocarnivores, and the effects
arising from their alteration, are still not fully understood
(Olson et al. 2012; Turner et al. 2020).

Predator control is a tool used in both game and conser-
vation management (Reynolds and Tapper 1996; Moreno-
Opo et al. 2015). In the case of Mediterranean ecosystems,
the red fox is one of the most controlled species in man-
aged hunting estates, where it is considered one of the main
threats to game species (Delibes-Mateos et al. 2013; Tobajas
et al. 2020b). As this study shows (Table 1), the red fox is
one of the main facultative scavenger species in Mediterra-
nean ecosystems (Mateo-Tomas et al. 2015; Tobajas et al. (in
press), so its continuous depletion can reduce the efficiency
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of rabbit carrion removal, this being especially important
at times of high incidence of diseases such as viral hemor-
rhagic disease that can remain infectious in carcasses for
several weeks after death (McColl et al. 2002; Henning et al.
2005). However, under natural conditions the removal of
dominant mesopredators would probably trigger a numeri-
cal response in the small scavengers (Sinclair and Krebs
2002). Accordingly, its abundance may increase and par-
tially compensate for the loss of dominant scavengers in the
carrion consumption, thus reducing the observed effect in
our exclusion study.

Unexpectedly, we observed that 5.8% of carrion was con-
sumed by domestic dogs, showing that this species could be
a locally important facultative scavenger (Butler and du Toit
2002; Forsyth et al. 2014). Subsidizing feral dog popula-
tions through carrion or discarded human food can lead to
higher abundance of dogs and may have harmful effects on
other species (Doherty et al. 2017; Tobajas et al. 2020c).
An abundance of feral dogs increases competition between
them and other facultative scavenger species, reducing the
availability of carrion valuable to them (Butler and du Toit
2002; Stiegler et al. 2020). Increased feral dog populations
may also have implications for predation pressure on vulner-
able native species (Ritchie et al. 2014). However, our data
suggest that scavenging by feral dogs is not common in the
area and probably is owing to some free ranging individuals.

The type of exclusion fence used in this study could be
useful to exclude large opportunistic scavenging species,
such as red fox or wild boar, from supplementary feeding
stations for vultures. The use of fences has been shown to
benefit the conservation of vulture species (Moreno-Opo
et al. 2010; Arrondo et al. 2015), some of which are threat-
ened, by limiting access of unwanted opportunistic scaven-
gers to food that is specifically placed in the field for vulture
consumption (Moreno-Opo et al. 2012). This type of fenc-
ing could keep larger scavenging species away from vulture
feeding stations while allowing the access to smaller species
with lower carcass consumption, but benefit to some extent
from this trophic resource.

In conclusion, our results show that when the faculta-
tive scavenger community in Mediterranean woodlands is
altered, the efficiency of small carcass removal decreases
and other opportunistic species such as the Egyptian mon-
goose can benefit from the sudden increase in carrion avail-
ability that was unavailable to larger competitor species.
Despite this, the smaller facultative scavenger community
could not compensate for the reduction in consumption of
carrion by the dominant species without the presence of
other species of obligate scavengers such as vultures (Olson
et al. 2012; Hill et al. 2018). It is therefore important to
understand the possible effects on the scavenger community
and ecosystem functions of the loss of dominant scavenger
species (Sebastidn-Gonzalez et al. 2020). The effects on

carrion removal reported here could have substantial impli-
cations for controlling disease transmission, nutrient cycling,
and ecosystem functioning.
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