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Abstract. The position of the Golden jackal (Canis aureus Linnaeus, 1758) within scavenger society
in three Central Bulgaria habitats of different anthropogenic impact was investigated using
camera trapping during the winter period of 2019-2020. Three different types of carrion (jackal

carcass, wild boar and cattle skin) were used as lures.

The scavenger society was

represented by 15 vertebrates, including 8 bird and 7 mammal species, in these habitats. The
study found that avian scavengers had an advantage over mammals in detecting carrion in
open habitats due to their greater visibility. In mountainous forest habitats the scavenger
community consisted mainly of mammals, with the jackal reliably detecting and using carrion
as a food source. The study also found that an observational period greater than 25 days is

required to attract all potential scavengers.
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Introduction

Soft tissues, as well as bones of animal
carcasses, contain energy and nutrients that in
one way or another are involved in the cycle of
the ecosystem. This process is critical for the
function of the ecosystem (Barton et al., 2013;
Moore et al., 2004; Parmentes & MacMahon,
2009). Dead large ungulates represent an
abundant nutritional resource for medium-
sized predators that would otherwise not be
able to hunt them. No matter what the cause of
their death (road accidents, illnesses, victims of
larger predators or poaching), they represent a
valuable nutritional resource that supports the
survival of all predators during periods of food
shortage. The wild boars, red deers and roe
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deers serve as such a resource in Bulgaria.
Occasionally corpses of farm animals such as
horses, cattle, sheep and goats are left in the
wild. Almost all mammalian carnivores use to
scavange frequently. Upon detecting a carcass,
they take advantage of it by switching from
active predation to carrion eating (Moleon et al.,
2014). On this basis, commensal communities
consisting mainly of birds and mammals are
formed in different latitudes across the land.
Their composition, as well as the relationships
between the species, have been the subject of
numerous studies (Inagaki et al., 2020; Kane &
Kendall, 2017; Sebastian-Gonzales et al., 2013;
Selva & Fortuna, 2007; Selva et al., 2005; Turner
et al., 2017; Wilson & Wolkovich, 2011).
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In Bulgaria, the scavenger guild has not
been studied yet. The Golden jackal is well
known as a scavenger species. Its diet includes
remains of wild ungulates and farm animals
(Raichev et al, 2013; Stoyanov, 2012). The
position of the Golden jackal in the scavenging
community has not been studied in the country.

Material and Methods

In order to reveal the potential
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specification of the facultative scavenger
community according to habitat type and to get
a full picture of its composition in Central
Bulgaria, three different habitats were selected.
One of the studied areas is located on the
southern slopes of the central part of the Balkan
Mountains. It is a steep and wooded,
inaccessible terrain with low anthropogenic
influence (mainly hunting), with an average
altitude of 750-800 m (Fig. 1).

T
RAZGRAD SRR

TARBOVISHTERUIDOS0

VELIKO TARNOVD

GABROVOD

BULGARIA

' r{) KYUSTENDIL

BLAGOEVGRAD

%

MACEDONIA \-)
ol

SMOLYAN

SLIVEN

YAMBOL
STARAZAGORA

HASKOVO

KARDZHALL

Fig. 1. The location of the three studied areas in Central Bulgaria.

The second area is a part of the territory
of Sarnena Sredna gora Mts. The terrain is
hilly with villages located at a distance of 5-6
km from each other which leads to stronger
anthropogenic  influence (agricultural
activities, hunting, tourism) compared to the
Balkan Mountains. The third study area is a
part of the Upper Thracian plain, an open
landscape with many arable lands, deserted
lands and ponds. The lowland forests
occupy insignificant areas and the
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anthropogenic impact is stronger than in the
previous 2 areas. Agricultural activity is
intensive, although in some places the area
has become depopulated.

With the assistance of forest officials, as
well as local hunters, some of the wild boar
and jackal shooting sites were found in the
study areas. After processing a wild boar
carcass, a piece of skin weighing about 10 kg
was placed in the area while a whole jackal
carcass was left in the jackal shooting



location. This simulated the most common
practice in our country. With the same idea,
a piece of bovine leather, again weighing
about 10 kg, was placed in the forest or in
the field. Three types of lures were placed of
equal weight to eliminate the influence of
carcass size on the composition of the
scavenger community (Turner, 2017). The
bait was fixed to the base of a tree or shrub.
The three types of lures were laid out in the
three regions consecutively, in December,
January and February of 2019-2020. The
places were chosen according to the
following rules:

* The lure must be situated away from
animal paths so that passing animals
are not captured by the cameras. The
purpose was to capture only those
animals that were attracted to the bait.
The sites must be away from hunter
or tourist trails (minimum 100 m) to
minimize the impact of the
anthropogenic factor.

Each month, 9 new different carrion
sites were selected to prevent
creating a habit in wild animals to
look for food in the same place. The
goal was the bait to be found again
every time. Thus 27 different sites
were observed (9 cameras in three
consecutive trials).
Three different models of infrared
cameras were used: Keep guard Cam
(KG690NV), Ltl Acorn (6310 - 3G) and HD
camera with Black IR (SG560K - 14 m).
They were all set to take 2 pictures after
triggering with followed one-minute
interval. The devices were attached to trees
at a height of 1.5 - 1.8 m from the ground, at
a distance of 5 - 8 m from the laid bait. In
this way, the lure was at the center of the
resulting photo. Photos from a period of 25
days after the bait laying were used for the
study. During this time the sites were not
visited by the researcher to avoid the
modification of wild animals” behavior.
When reporting the results, the photos from
consecutive and prolonged capturing of an
individual within an hour, were counted as
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one event. A list of all species detected
(birds and mammals altogether and
separately for the three regions) was made.
The relative order of their appearance was
calculated; as well as the number of places
visited by each species.

Results and Discussion

In winter, the scavenger community
included 15 vertebrates (8 bird and 7
mammal species), throughout the study
area. During the 25 monitored days, most of
the mammals and birds attracted to the bait
were detected by the cameras prior to the 5th

day (Fig. 2).
However, the whole 25-day period is
not sufficient to establish the full

composition of the probable compatriots. In
the three study areas, representing a
diversity =~ of habitats: forest (semi-
mountainous and mountainous) and open
(lowland), some differences in the
composition of scavenging communities
were found (Table 1). The least numerous
community consisting of one bird (Eurasian
jay) and 7 mammal species (Domestic dog,
Golden jackal, Red fox, European wildcat,
Eurasian badger, Stone marten and Wild
boar) was found in the Balkan Mountains.

Despite the presence of the Grey wolf
(Canis lupus) in the area, it was not detected
by the cameras. The probable reasons for its
absence were: its population density was
low; it was suspicious to human smell and
the investigated winter season was
unusually warm. What is striking, was the
low presence of birds, even though the
golden eagle and the common raven were
typical inhabitants of the mountainous area.
In previous years, however, they took
advantage of the wild boar carcass provided
(personal observation).

The scavenger guild in the semi-
mountainous region of Sarnena Sredna gora
Mts. was represented by 2 bird species
(Common buzzard, Eurasian jay) and 7
mammal species (Golden jackal, Red fox,
Domestic dog, European wildcat, Stone
marten, Eurasian badger and Wild boar). The
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Fig. 2. Accumulation of the detected species number during investigated period.

Table 1. The list of scavenger community established in three different habitats in Central Bulgaria.

Mean value

Sarnena Upper
No Species Balka{‘ Sredna gora Thrakian of order of
Mountains Mis Plain appearance
) (MOA)
1 Magpie + 15
Pica pica
Common buzzard
2 Buteo buteo ¥ " 18
Eurasian jay
3 Garrulus glandarius " ¥ " 1.86
4 Eastern Imperial Eagle + 5
Acuila heliaca
5 Goldgn jackal + + + 5 68
Canis aureus
Stone marten
6 Martes foina " ¥ " 28
Eurasian Badger
7 Meles meles " ¥ 283
3 Domestic dog + + + 83

Canis lupus familiaris
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9 Grey heron
Ardea cinerea
Wild boar
+
10 Sus scrofa
Red fox
1 Vulpes vulpes "
12 Western Marsh harrier
Circus aeruginosus
Hooded crow
13 .
Corvus cornix
Common raven
14
Corvus corax
15 European wildcat +

Felis silvestris
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+ 3
+ + 3.44
+ + 3.54

+ 4

+ 4
+ 4
+ + 4.5

birds contributed to the largest number of
established species, detected in the Upper
Thracian plain. This high detectability of
birds can probably be due to good visibility
in the open habitat (Turner, 2017), which
facilitates the detection of carcasses from the
air (Selva et al., 2005). The lures were visited
by 6 species of mammals and 7 species of
birds, which is the almost complete list
presented in Table 1. Thus, the jackal’s
competition for carrion in open habitat is
higher than in the other studied areas.
However, in the lowland the jackal attracted
by the presence and sounds of the Corvids
could reach the carrion faster. The presence
of the Eastern Imperial eagle and birds of the
wetlands, such as Western Marsh harrier
and Grey heron, is noteworthy. Vultures
(Gyps fulvus) were absent in all three
surveyed areas. After the extinction of the
species from the territory of the country in
the 60's, nowadays it is found in a small area
along the Arda River (Stoyanov et al., 2018).
It could be assumed that if the vultures were
present, their role in the scavengers' guild
would be palpable. The vultures play a
crucial role in the ecosystem as the best
cleaners (Mann & Banks, 2017). In the
present study, their role is distributed to
other species of birds and mammals found in
the study areas.

According to the order of detection of the
carcass calculated by the Mean value of the
Order of Appearance (MOA) in front of the
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camera traps, the species can be divided into
several groups. Part of the birds respond
rapidly (MOA - 1.5-2) to the bait: Magpie,
Common buzzard, Eurasian jay, Eastern
Imperial eagle (Table 1). Although magpies
hunt close to their resting places (Vines, 1981),
in most of the cases they found the lure first.
This is probably due to their large number and
the detection of human presence when placing
the carrion. Most of the mammals formed the
second group of visitors (MOA - 2.68-3.54) as
follow as: Golden jackal, Stone marten,
Domestic dog, Eurasian badger, Wild boar and
Red fox. The accidental appearance of a grey
heron disrupted this sequence. Since this
species appeared only once, it can be
considered as a result of curiosity. However, it
has been described as an element of the avian
scavenger society in Spain (Hiraldo et al., 1991).

The Hooded crow, the Common raven,
and the Western Marsh harrier appeared
later (MOA - 4). The delay in the appearance
of typical carrion-eating species such as the
Common raven and the Hooded crow
(Hiraldo et al., 1991) was probably due to
their suspicion towards human presence.
The European wildcat was the last (MOA -
4.5; Table 1), which is consistent with the
claim that it rarely feeds on carrion
(Hewson, 1983; Moleon & Gill-Sanchez,
2003).

The number of visited baited sites
indicates the importance of the carrion for
the species' diet (Selva & Fortuna, 2007). The
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presence of jackals was reported in 22 of the
27 baited places. In India, the jackal
scavenges on cattle carcasses because of the
taboo to eat calves (Yunman et al., 2015). In
Israel, the jackal not only scavenges on cattle
carcasses but also attacks newborn calves
(Yom-Tov et al.,, 1995). In the Ngorongoro
Crater, the jackal scavenges
opportunistically (Temu et al., 2016). In
Serbia, this species is estimated to remove
about 3,700 tons of animal waste per year,
and in Europe, this amount consists of more
than 13,000 tons per year (Cirovic et al.,
2016). The jackal’s dependency on carrion
consumption is documented in this study.
Other authors in Bulgaria found a significant
presence of remains from domestic and wild
mammals, as well as closely related species
(Domestic dog, Golden jackal, Red fox) in
the jackal’s diet in the areas of this study
(Vlasseva et al., 2013; Raichev et al., 2013;
Tsunoda et al., 2017) and in other regions of
the country (Atanasov, 1953; Genov, 1989;
Stoyanov, 2012). Founding a large ungulate
carcass, the jackals may form clusters of up
to 14 individuals (Moehlman & Hayssen,
2018; Van Lawick & Van Lawick-Goodal,
1970). In the present study, no more than 3
individuals were captured together at one
baited place. In these cases, the jackals were
standing next to each other feeding in
succession.

The Red fox was observed at 14 sites
and the Stone marten at 10. In Spain, these
two species are defined as meso-facultative
scavengers. Together with the vultures, they
are the main contributors for the nestedness
of scavenging society (Sebastian-Gonzales et
al., 2016). The Red fox is one of the major
facultative scavengers in the world (Henry,
1977; Mateo-Tomas et al., 2015; Young et al.,
2014). The presence of the Eurasian badger
at 9 sites was observed but without
consumption. That fact doesn’t exclude it
from the scavenger guild in the studied area,
as it is a proven competitor to the Red fox for
this nutritional resource (Young et al., 2014).
The Wild boar, the same as an Eurasian
badger, ranked fourth according to the
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number of visited places with bait (9 sites).
As an omnivorous species, it consumes
carrion (Wilson & Wolkovich, 2011) and also
exhibits cannibalism (Cukor et al., 2019;
Taylor & Helgren, 1997). The group nature
of Wild boar visits was documented in this
study.

The photographed dogs were difficult
to define as feral or stray. The first group is
defined as dogs gone wild, which hunt their
prey and live away from humans. The
second group consists of animals that live in
dumps and hunt for fun, rather than
passion, but not for food (Scot & Causey,
1973). Among the dogs captured in this
study (6 sites), there were individuals with
ear tags, i.e. neutered and fled far from
settlements.  Whichever category they
belonged to, it was obvious that they took
advantage of the carrion, which was their
typical behavioral feature. (Macdonald &
Carr, 1995; Selva et al., 2005). Stray dogs are
less afraid of humans and can be active both
during the day and at night (Zanin et al,
2019), which gives them some advantage
over wild carnivores in detecting and
consuming carrion.

The Magpie and the European wildcat
exhibited the same level of visitation (6 sites
each), and 5 places were visited by Common
buzzard. The Eastern Imperial eagle, the
Hooded crow, the Common raven, the
Western Marsh harrier and the Grey heron
visited each by one place out of the possible
27. Under the conditions of the experiment:
warm and short winter period, low amount
of carrion and intense competition among
predatory mammals, these species behaved
as sporadic scavengers. It could be assumed
that their role as carrion consumers would
be changed under different conditions. For
example, the Common raven could be a
companion of the Grey wolf, willing to take
advantage of its prey (Stahler et al., 2002;
Vucetich et al., 2004). In addition, Corvids
are known to be mostly looking for fresh
food avoiding eating poor quality carcasses.
It matters to them how fresh the carrion is
and what nutritional value it brings (Gomo



et al., 2017). In the present study, wild boar
and cattle skins had almost no nutritional
value for these bird species and this should
be taken into account.

Conclusions

During winter in Central Bulgaria, the
Golden jackal shares carrion as a food
resource with 14 other vertebrate species. A
25-day study period is not sufficient to
attract all potential compatriots. Open areas
provide some advantage to birds over
mammals in detecting a dead animal. In the
highlands, the facultative scavenger guild
consists mainly of mammals. The Golden
jackal is the main species that reliably detects
and certainly uses carrion as a food resource.
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	In order to reveal the potential specification of the facultative scavenger community according to habitat type and to get a full picture of its composition in Central Bulgaria, three different habitats were selected. One of the studied areas is located on the southern slopes of the central part of the Balkan Mountains. It is a steep and wooded, inaccessible terrain with low anthropogenic influence (mainly hunting), with an average altitude of 750-800 m (Fig. 1).

