" BioOne COMPLETE

Diet composition of the golden jackal, Canis aureus in
an agricultural environment

Authors: Markov, Georgi, and Lanszki, Jozsef

Source: Folia Zoologica, 61(1) : 44-48

Published By: Institute of Vertebrate Biology, Czech Academy of
Sciences

URL: https://doi.org/10.25225/fozo.v61.i1.a7.2012

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://complete.bioone.org/journals/Folia-Zoologica on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Folia Zool. - 61 (1): 44-48 (2012)

Diet composition of the golden jackal, Canis
aureus in an agricultural environment

Georgi MARKOV! and Jozsef LANSZKI?

! Bulgarian Academy of Science, Institute of Biodiversity and Ecosystem Research, Zar Osvoboditel 1,

1000 Sofia, Bulgaria; e-mail: georgimar@gmail.com

2 University of Kaposvar, Department of Nature Conservation, P.O. Box 16, H-7401 Kaposvar, Hungary

Received 29 March 2011; Accepted 10 October 2011

Abstract. Diet composition of the golden jackal (Canis aureus, L.) in Bulgaria, where the largest jackal popula-
tion in Europe occurs, has been studied by scat analysis in a typical and newly occupied agricultural environ-
ment. The study was carried out during late summer and early autumn, a period when small mammal density is
high. The food of the jackal typically consisted of small-sized and wild-living prey species. Rodents have been
found to represent the primary food of the jackal (biomass estimation: 59.3 %, mainly Microtus spp.), and the
European brown hare (Lepus europaeus, 20.1 %) and plants (19.7 %, mainly fruits) are secondary foods. Other
prey, such as birds (mainly passerines), reptiles and invertebrates had been consumed in a low biomass ratio.
No remains of wild ungulate and domestic animals have been detected in the studied scats.
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Introduction

The golden jackal (Canis aureus, L.) is a food
opportunistic canid, showing high flexibility in
hunting strategies according to the actual food
availability (Lamprecht 1978, Macdonald 1983,
Demeter & Spassov 1993). Its diet patterns vary across
a wide distribution range in the southern part of the
northern hemisphere in Eurasia and Africa (Demeter
& Spassov 1993, Yom-Tov et al. 1995, Krystufek et
al. 1997, Jhala & Moechlman 2008), where its food
spectrum ranges from plants, arthropods, and reptiles
to birds, lagomorphs, rodents and poultry; it preys
upon the young domestic or wild ungulates, but is also
a scavenger.

The results of game counts carried out during the last
decades in Bulgaria (110842 km?) showed a clear
trend of increasing numbers of jackal all over the
country. In 2003 the jackal population in Bulgaria
was 26730 animals, in 2007 its numbers was 30000
individuals (AEFA 2003, 2007) and in 2010 it reached
36000 individuals (Russev 2010). The increase in the
jackal population in the last decades was confirmed
by data from the number of animals which have been
shot in Bulgaria: in 1983 it was 5538 animals, in

1999 it was 7422 animals (AEFA 1983, 1999) and in
2010 it was 26570 animals (ABHFU 2010). The high
numbers found in the country (Markov 2011) and
the large numbers of shot animals demonstrate that
at the present the largest jackal population in Europe
inhabits the territory of Bulgaria. Recently, new
lowland agricultural habitats (as in our study area)
and also mountainous habitats are being occupied
by jackals in high numbers (Russev 2010). However,
no quantitative information was available on the
seasonal food spectrum and feeding habits of the
species living on recently occupied areas of Bulgaria.
High predation upon ungulates (especially fawns) and
livestock was presumed as it has been reported from
semi-mountainous regions of the country (Stenin et
al. 1983, Genov & Vassilev 1991).

In order to understand better the ecology of the
golden jackal in Bulgaria, it is necessary to study the
feeding habits in different seasons and habitats. The
present study is a beginning as it was carried out on a
typical agricultural area during the season when small
mammal density was high (food was unlimited),
and the expected results can be compared with other
European studies. In the study period (at the end of
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summer and beginning of autumn) young jackals
have already joined the family group and so jackals
may hunt not only alone or in pairs, but also in larger
groups (Demeter & Spassov 1993). Accordingly, we
expected a possible diverse hunting strategy in diet
composition.

Due to a lack of information about jackal feeding
habits in Bulgaria the aim of the present study was
to evaluate the diet composition of the jackal in a
lowland agricultural environment during a period of
high density of small mammals.

Material and Methods

The study area is situated in the central part of
Pazardzhik-Plovdiv region within the Western Upper
Thracian Valley (central Bulgaria, 42° N, 24° E, 168
m above sea level), the largest (ca. 6000 km?) lowland
area in Bulgaria (Donchev & Karakaschev 2004).
After the jackals spread into lowland agricultural
habitats their numbers in the Pazardzhik-Plovdiv
agricultural region greatly increased, reaching 365
animals in Pazardzhik region and 1312 animals in
Plovdiv region in 2010, and it is believed that today
the Western Upper Thracian Valley has 1677 jackals
(estimated numbers, AEFA 2010).

The typical agricultural character and recent
occupancy by jackals were the main reason for
choosing this area for the food study. The cultivation
of thermophilic crops, e.g. wheat, corn, peach, grape,
cotton, tobacco, rice, is favoured by the warm climate
and agriculture is well developed (Georgieva & Vladev
2007). Natural vegetation cover in the region has a
very limited area. Forests (ca. 10 %) are represented
by small isolated areas dominated by oak (Quercus
spp.), and hornbeam (Carpinus spp.) (Bondev 1991).
A small part of the study area (ca. 12 %) is covered
with meadows. Hydrophilic communities consisting
mainly of willow and poplar are typical for the terraces
of the main river of the area, namely Maritsa, and its
tributaries (Bondev 1991). The climate is dry and
continental (500-600 mm rainfall per year, Georgieva
& Vladev 2007). Due to the intensive agricultural
activity in the Pazardzhik-Plovdiv region the density
of several small rodents, e.g. Microtus (M. arvalis,
M. levis) and Apodemus species (A. sylvaticus, A.
flavicollis) is high (8-10 colonies/ha, Markov &
Dekov 2008, Markov et al. 2009). Besides rodents
and insectivores, medium-sized mammals occur in the
area, e.g. European brown hare (Lepus europaeus),
red fox (Vulpes vulpes), wildcat (Felis silvestris). Roe
deer (Capreolus capreolus) and wild boar (Sus scrofa)
are present in small numbers, but are not of hunting
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interest (Markov 1962, IBHSF 2010). Ornithofauna of
the region is typical for agricultural areas, represented
by partridge (Perdix perdix) around the cultivated
areas and quail (Coturnix coturnix) during migration.
Common pheasant (Phasianus colchicus) is bred in
farms (Spasov 2008, IBHSF 2010). During migration,
duck and goose species occur around wetlands in large
numbers (G. Markov’s personal observations). The
meadows are regularly grazed by herds of domestic
animals (cows, goats, and sheep) during the day but
they are driven into stables for the night.

The diet of the jackal was studied by scat analysis.
The finding and inclusion of a relatively low number
of jackal scat samples in the analysis might be
predetermined through preliminarily outlined target
of the study — examination of the food spectrum of the
species from a new, not typical for its dissemination
homogenous agricultural landscape in the short time
period in which in the region was characterized by
high densities of small mammals. Fresh jackal scat
samples (n = 16, each corresponding to one scat)
were collected sometimes in piles, within a circle
of 1-1.5 m diameter (Macdonald 1979) in August
and September 2008 on a standard route in a 10-km-
long transect. These transects were distant (2 km)
from settlements in order to minimize the presence
of domestic dog and its scat samples. Golden jackal
scat samples were distinguished from domestic dog
and red fox faeces on the basis of odour, size and
shape characteristics (Macdonald 1980, Lanszki et al.
2006), and in addition, predator hairs collected from
scats were morphologically identified (e.g. Teerink
1991, and our own reference collection).

Processing the jackal scat was based on a standard
procedure. Diet composition was expressed in two
ways: relative frequency of occurrence (O) and
percentage of biomass consumed (B) following
Jedrzejewska & Jedrzejewski (1998). To estimate
the fresh mass of food ingested, scats were soaked in
water, then washed through a sieve (0.5 mm mesh)
and dried. The presence of earthworms was examined
before leaching the scat. All dry food remains were
separated and identified under the microscope with the
aid of keys from Teerink (1991), Mérz (1972), Brown
et al. (1993), and our own vertebrate, invertebrate
and plant reference collections. Then, all dry remains
were weighed and the mass data were multiplied
by an appropriate conversion factor summarized by
Jedrzejewska & Jedrzejewski (1998) for red fox (small
rodents 23, hare 50, birds 35, reptiles 18, insects 5
and plant material 14). Trophic niche breadth was
calculated in accordance with Levins and standardised



(Krebs 1989). The following food taxa were used for
these calculations: small mammals, European brown
hare, birds, reptiles, invertebrates and plant matter.

Results

Regardless of which method was used to express
diet composition, the main food source of the jackal
in the study area was small rodents (O: 42.9 %, B:
59.3 %, Table 1). The most important were Microtus
voles but Apodemus species were also eaten in
high biomass proportion. According to a biomass
calculation, closer to the quantitative composition of
the consumed food, the second most important food
for the jackal consisted of two equally important taxa,
the European brown hare (B: 20.1 %) and plants (B:
19.7 %, mainly fruits). The jackal consumed birds,
reptiles and invertebrates in low biomass proportions
(Table 1). Remains of wild and domestic ungulates
were not found in the jackal scats.

According to the environmental association of animal
food items (Table 1), jackals definitely did not feed
on human-related animals (living on and around
settlements), and only preyed upon wild-living (O: 48.6
%, B: 65.4 %) and habitat generalist species (O: 51.4
%, B: 34.6 %). The prey species were mainly small in
weight (<50 g; O: 71.4 %, B: 72.0 %, Table 1).
Standardized trophic niche breadth values were
relatively high (Table 1), and 12 different animal and
eight plant taxa were found in the scats. Undigested,
inorganic material, such as nylon foil (four cases) and
salami skin (1) occasionally occurred in the samples
probably from waste.

Discussion

Feeding patterns of the jackal in the study period on
this recently occupied lowland agricultural area of
Bulgaria differed mainly in the missing consumption
of wild- and domestic ungulates from those reported
for semi-mountainous regions of the country (Stenin
et al. 1983, Genov & Vassilev 1991). Similar to our
results, in a year-round study in neighbouring Greece,
no consumption of wild ungulates was reported
(Giannatos et al. 2010), and very low consumption
ratios of cervids has been detected in other studies from
the autumn period (Lanszki et al. 2009, 2010). In the
established feeding patterns European brown hare was
also found in a Croatian study (Radovi¢ & Kovaci¢
2010) in higher amounts than in other European studies
(Lanszki et al. 2006, 2009, Giannatos et al. 2010). The
considerable presence of fruit and vegetables in the
jackals’ diet (e.g. Radovi¢ & Kovaci¢ 2010) confirmed
that plants might play a seasonally important role in

Table 1. Diet composition of golden jackals (Canis
aureus) in Bulgaria. Prey weight (P.w.) categories: 1
=below 15 g; 2 = 15-50 g, 3 = 51-300 g, 4 = above
300 g). Prey habitat association (P.h.) categories: w
= wild-living; g = habitat generalist (which may live
both in the wild as well as near to settlements). N
= number of items in each taxa, % O = percentage
relative frequency of occurrence, % B = percentage
biomass consumed, + = occurring in proportions
lower than 0.05 %, B, = standardized trophic niche
breadth value, n = 16 scats, 56 food items.

Food items Pw. Ph. N %O %B
Common vole Microtus arvalis,

sensu lato 2 w 11 19.6 28.7
Field vole Microtus agrestis 2 w 1 18 32
Field mouse Apodemus spp. 2 g 10 179 254
Dormouse Gliridae spp. 2 w | 1.8 04
Mus spp. 1 g 1 1.8 16
European brown hare Lepus

europaeus 4 w 3 54 201
Perching birds Passeriformes

spp. 2 g 2 36 02
Undetermined medium-sized

birds 4 g 1 18 02
Snake Colubridae spp. 3 w 1 1.8 0.1
Locust Acridoidea spp. 1 g 2 36 +
Mantid Mantis spp. 1 g 1 1.8 +
Stag beetle Lucanus cervus 1 g 1 18 04
Plum Prunus spp. 3 54 105
Pear Pyrus spp. 1 1.8 48
Other fruit 5 89 07
Sunflower seed Helianthus

annus 1 18 29
Grass 7 125 0.8
Other plant material 4 7.1 0.1
B 040 0.26

4

the feeding of jackals. The low content of birds in the
scats was in accordance with the evidence of low bird
consumption outside the nesting season found most
studies (reviewed by Demeter & Spassov 1993). The
high content of small rodents found in jackal scats in this
study confirmed their significance as a main prey type
for jackals during that period when food is unlimited.
High consumption of small mammals was found in
numerous studies in Asia (Demeter & Spassov 1993,
Mukherjee et al. 2004, Jaeger et al. 2007), in Africa
(Lamprecht 1978) and in a European agricultural area
(Lanszki et al. 2006, 2010), and this food type is clearly
preferred by the jackal (Lanszki & Heltai 2010).

The food spectrum revealed in this study during the
time of an increase in the density of jackals and an
expansion in range across Bulgaria, showed that the
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high density of small mammals was likely to affect
food availability and survival of this species in a
lowland landscape with a sharp increase of agricultural
environment.

The results might be influenced by different factors:
(1) the study period was outside the birth season of
ungulates, but in a time of high numbers of small
mammals, (ii) samples were collected (56 food
items were found in scats) during a short period,
(ii1) transects covered were relatively small and in

In conclusion, the primary food of the jackal consisted
of small mammals (mainly rodents), and secondary
foods were the European brown hare and plant material
(mainly fruits) in the lowland agricultural region of
Bulgaria, during late summer (and early autumn)
when small mammal density was high. In contrast
with earlier observations (Stenin et al. 1983, Genov
& Vassilev 1991), carried out mainly in mountainous
and semi-mountainous regions of the country, no
predation upon wild ungulates and domestic animals

a homogenous agricultural landscape. It is not sure  was found.
whether the results found for the jackal diet are
general for habitats in agricultural areas and whether
similar results would be obtained in further studies of

its feeding spectrum in different agro-ecosystems or

Acknowledgements
Thanks to Grace Yoxon for the linguistic help and
to the two anonymous reviewers for their helpful

in semi mountain landscapes. comments.

Literature

ABHFU 2010: Numbers of game animals shot in Bulgaria. Archive of the Bulgarian Hunters’ and Fishermen's
Union, Sofia.

AEFA 1983, 1999, 2003, 2007, 2010: Game numbers in Bulgaria. Archive of the Executive Forest Agency of
Ministry of Agriculture and Foods of R. Bulgaria, Sofia.

Bondev 1. 1991: Vegetation in Bulgaria. Kliment Ohridski Publ. House, Sofia.

Brown R., Ferguson J., Lawrence M. & Lees D. 1993: Federn, Spuren und Zeichen der Vogel Europas: Ein
Feldftihrer. Aula-Verlag, Wiesbaden.

Demeter A. & Spassov N. 1993: Canis aureus Linnaeus, 1758. In: Niethammer J. & Krapp F. (eds.), Handbuch
der Saugetiere Europas. Band 5/1. Aula-Verlag, Wiesbaden: 107-138.

Donchev D. & Karakashev H. 2004: Physical and socio-economical geography of Bulgaria. Slovo, Veliko Tarnovo.

Genov P. & Vassilev K. 1991: Density and damages caused by jackal (Canis aureus L.) to livestock in Southern
Bulgaria. Bulg. Acad. Sci. Ecol. 24: 58-65.

Georgieva N. & Vladev D. 2007: Geography of Bulgaria. Faber Publishing House, Veliko Tarnovo.

Giannatos G., Karypidou A., Legakis A. & Polymeni R. 2010: Golden jackal (Canis aureus L.) diet in Southern
Greece. Mamm. Biol. 75: 227-232.

IBHSF 2010: Information Bulletin of Hissar Municipality; Geography, fauna. Available at: http.//hisar.cbbbg.com

Jaeger M., Haque E., Sultana P. & Bruggers R. 2007: Daytime cover, diet and space-use of golden jackals
(Canis aureus) in agro-ecosystems of Bangladesh. Mammalia 71: 1-10.

Jedrzejewska B. & Jedrzejewski W. 1998: Predation in vertebrate communities. The Bialowieza Primeval
Forest as a case study. Springer-Verlag, Berlin.

Jhala Y. & Moehlman P. 2008: Canis aureus. In: IUCN 2010. IUCN Red List of Threatened Species. Version
2010.4. www.iucnredlist.org

Krebs C. 1989: Ecological methodology. Harper Collins Publishers, New York.

Krystufek B., Murariu D. & Kurtonur C. 1997: Present distribution of the golden jackal Canis aureus in the
Balkans and adjacent regions. Mammal Rev. 24: 109-114.

Lamprecht J. 1978: On diet, foraging behaviour and interspecific food competition of jackals in the Serengeti
National Park, East Africa. Z. Sdugetierkd. 43: 210-223.

Lanszki J. & Heltai M. 2010: Food preferences of golden jackals and sympatric red foxes in European temperate
climate agricultural area (Hungary). Mammalia 74: 267-273.

Lanszki J., Heltai M. & Szabo L. 2006: Feeding habits and trophic niche overlap between sympatric golden
jackal (Canis aureus) and red fox (Vulpes vulpes) in the Pannonian ecoregion (Hungary). Can. J. Zool. 84:
1647-1656.

Lanszki J., Giannatos G., Heltai M. & Legakis A. 2009: Diet composition of golden jackals during cub-rearing
season in Mediterranean marshland in Greece. Mamm. Biol. 74: 72-75.

47

Downloaded From: https://complete.bioone.org/journals/Folia-Zoologica on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Lanszki J., Giannatos G., Dolev A., Bino G. & Heltai M. 2010: Late autumn trophic flexibility of the golden
jackal (Canis aureus). Acta Theriol. 55: 361-370.

Macdonald D.W. 1979: The flexible social system of the golden jackal, Canis aureus. Behav. Ecol. Sociobiol.
5:17-38.

Macdonald D.W. 1980: Patterns of scent marking with urine and faeces amongst carnivore communities. Symp.
Zool. Soc. Lond. 45: 107—139.

Macdonald D.W. 1983: The ecology of carnivore social behaviour. Nature 301: 379-383.

Markov G. 1962: Mammals in Bulgaria. Science and Art, Sofia.

Markov G. 2011: Bulgaria: the country with the largest number of European jackal. In: B. Krystufek (ed.),
Jackals around us. Lovec 5: 248-253. (in Slovenian)

Markov G. & Dekov O. 2008: Actual numbers of main pest rodent species in Bulgarian agricultural ecosystems
in 2004-2008. Annual of Konstantin Preslavski University, Shumen XIX (B6): 73-82.

Markov G., Dekov O. & Kocheva M. 2009: Risk assessment of outbreak of rodents as main pests in agricultural
crops in Bulgaria in 2009. Proceedings of Fifth Scientific Conference with International Participation
“Space, ecology, nanotechnology, safety”, Sofia: 286—293.

Mairz R. 1972: Gewoll- und Rupfungskunde. Akademie Verlag, Berlin.

Mukherjee S., Goyal S.P., Johnsingh A.J.T. & Pitman M.R.P. 2004: The importance of rodents in the diet of
jungle cat (Felis chaus), caracal (Caracal caracal) and golden jackal (Canis aureus) in Sariska Tiger
Reserve, Rajasthan, India. J. Zool. 262: 405-411.

Radovi¢ A. & Kovaci¢ D. 2010: Diet composition of the golden jackal (Canis aureus L.) on the Peljesac
Peninsula, Dalmatia, Croatia. Period. Biol. 112: 219-224.

Russev Y. 2010: Status of game stocks in Bulgaria. Forest 6—7: 34—36.

Spasov S. 2008: The state of Bulgaria’s common birds. Bulgarian Society for the Protection of Birds,
Conservation Series 13, Sofia.

Stenin G., Kolev N. & Mitov I. 1983: Some aspects of jackals’s dispersion. Lovro I ribno stopanstvo No. 7.

Teerink B.J. 1991: Hair of West-European mammals. Cambridge University Press, Cambridge.

Yom-Tov Y., Ashkenazi S. & Viner O. 1995: Cattle predation by the golden jackal Canis aureus in the Golan
Heights, Israel. Biol. Conserv. 7: 19-22.

48

Downloaded From: https://complete.bioone.org/journals/Folia-Zoologica on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



