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Abstract: 	 The present study aimed to provide a review on the trophobiology of the golden jackal Canis aureus in 
the Danube Delta Biosphere Reserve (DDBR) and surroundings and to investigate its implication for 
economic losses in local rural communities. The damage evaluation was performed by direct questioning 
of locals and written questionnaires. Most locals from all investigated areas declared damages caused 
by golden jackals. The responders also declared that the number of attacks has increased during the past 
years. Most attacks occurred during the winter season at night time. Most of the attacked animals were 
free-roaming and unsupervised. The great majority believed that other species of carnivorous animals 
might have been involved in what was considered a jackal attack but over 90 % of responders agreed to 
the reduction of jackal populations. The present study indicates a general belief that golden jackals are 
dangerous predators causing economic damage by attacks on domestic animals within the DDBR but 
demonstrates that the extractions are unnecessary management measures.
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Introduction
The Danube Delta is situated in eastern Romania in 
the Dobrogea region. Founded in 1990 and added to 
the UNESCO World Natural Heritage list in 1991, the 
Danube Delta Biosphere Reserve (DDBR) covers a 
total of 5800 km2 and includes 30 types of ecosystems 
(Gâștescu & Știucă 2008), with almost 10,000 plant 
and animal species (Doroftei, unpublished data). 
The Danube Delta also represents one of the most 
important stopover sites for migratory birds, with an 

estimated two million individuals belonging to over 
300 avian species using the region’s ecosystems each 
year (Hahn et al. 2009, Marinov et al. 2019).

The golden jackal Canis aureus Linnaeus, 1758 
(Carnivora: Canidae) is the most widespread jackal 
species. Its distribution range includes most of SE 
Europe, some parts of eastern and central Europe 
and southern Asia (Arnold et al. 2012, Hoffmann 
et al. 2018). The populations from northern and east-
ern Africa that have previously been considered as 
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C. aureus are now recognised as belonging to Canis 
lupaster Hemprich and Ehrenberg, 1833 (Gaubert et 
al. 2012, Koepfli et al. 2015, Viranta et al. 2017). 
The species distribution in Europe is highly dynamic, 
including dramatic declines until 1960, comebacks 
between 1960 and 1970, and expansions starting 
from the 1980s (Arnold et al. 2012). In Romania, 
the question whether the golden jackal is an autoch-
thonous or allochthonous species is still a matter of 
debate. Although the first official report of this spe-
cies dates from 1929 (Călinescu 1930), its presence 
has been mentioned in the 18th Century (1716) by 
Dimitrie Cantemir in his work Descriptio Moldaviae 
under the local name hylacus or Turkish name ciacal 
(Angelescu 2004). Furthermore, palaeozoological 
evidence indicates the occurrence of golden jackals in 
eastern Romania (Techirghiol area) since the Neolith-
ic period (Necrasov & Haimovici 1962). Between 
1929 and 1975, golden jackal sightings were rare and 
some authors considered they were erratic specimens 
that had crossed the frozen Danube to southern Ro-
mania, particularly from the Balkans, during harsh 
winters (Vasiliu 1961, Andronic 1966, Iovănel 
1996). The first distribution map for golden jackals in 
Romania dates from 1994 and reveals the existence 
of established populations in the Dobrogea Region 
(eastern Romania) and along the Danube’s flood-
plain (Șelaru 2014). Since then, the jackal popula-
tions have greatly expanded their geographical range, 

including in 28 of 41counties of Romania (Papp et 
al. 2014) but the exact drivers of expansion were not 
thoroughly investigated. Although the chronology of 
the golden jackal in Romania (in the context of its 
European expansion) was thoroughly documented 
(Rősler 2012, 2013), its population index remained 
unclear. For instance, while some authors (e.g. Ar-
nold et al. 2012) estimated the Romanian population 
to be 600 individuals in 2011, in the same year the na-
tional hunting share approved by the Romanian Min-
istry of Environment and Forestry was 3158 speci-
mens (Regulation 1.384 2011).

Although there are few studies on the tropho-
biology of golden jackals in SE Europe (Lanski et 
al. 2008, 2015, Raichev et al. 2013, Bošković et al. 
2013, Penezić & Ćirović 2015, Ćirović et al. 2016, 
Vlasseva et al. 2017, Lange et al. 2021), in Romania 
they are scarce (Banea 2021). Even in the volume 
Romania’s Fauna, Mammalia, Carnivora, the trophic 
spectrum of the species is described mostly based 
on data from Azerbaijan and Tajikistan, completed 
by some general information referring to the Delta, 
such as “ground-nesting birds and their chicks” (Mu-
rariu & Munteanu 2005). However, in recent years, 
an increasing number of rural communities from the 
DDBR and surroundings have claimed damages 
caused by golden jackals, particularly losses in sheep 
herds. Such human-wildlife conflicts elicit challenges 
for management and policy. The national legislation 

Fig. 1. Limits of the Danube Delta Biosphere Reserve and localities where the questionnaires were distributed.
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allows hunting of jackals throughout the year but irra-
tional extractions of a significant number of individu-
als without investigating the veracity of such claims 
would represent a fundamental error. Therefore, the 
present study aimed to assess the trophobiology of 
the golden jackal C. aureus in the DDBR and sur-
roundings as well as to investigate its implication in 
economic losses of local communities.

Materials and Methods
The present study was undertaken in two steps: a 
review of trophobiology studies performed in and 
around the DDBR and an assessment of golden 
jackal populations and economic damages caused to 
locals implemented in 2015-2016.

The assessment of populations was performed 
by direct monitoring, using direct observations of 
animals, passive acoustic observations and tracks as-
sessments (from Monday to Friday) in five well-de-
fined areas (Maliuc, Sălcioara, Jurilovca, Murighiol 
and Partizani) of the DDBR between January and 
November 2015 and in January 2016. Thus, a medi-
um density could be calculated. The damage evalu-
ation in the study area was performed first by direct 
(face-to-face) questioning of random locals in-
volved in agriculture and animal breeding in the five 
study areas, then by the distribution of written ques-
tionnaires containing 14 questions regarding golden 
jackal’s damages and human attitudes towards the 
species to the local people from seven localities 
(Fig. 1). We received 154 questionnaires answered. 
The results from the questionnaires were statistical-
ly analysed using EpiInfoTM software (CDC, USA). 
The percentage of responders that gave a positive 
or negative answer (or no answer) was calculated 
for each question (where applicable) and the 95% 
Confidence Interval (CI) was established. 

Results
Review of trophobiology studies
Regarding the diet of the golden jackals, most stud-
ies indicate that the species is a scavenger of im-
properly discarded carcasses of livestock (Lange et 
al. 2021). In areas where animal livestock is rare, the 
main food source is represented by small mammals 
(Lanszki & Heltai 2002, Lanszki et al. 2006, 2010, 
2016, Markov & Lanszki 2012, Penezić & Ćirović 
2015, Vlasseva et al. 2017, Lange et al. 2021), fol-
lowed by fruits and vegetables (Radović & Kovačić 
2010, Lange et al. 2021). In a review regarding the 
diet composition of the golden jackal in the SE Eu-
rope (Lange et al. 2021), the authors pointed out 

that there is no documented case in the literature for 
domestic animals hunted by golden jackals.

The diet of golden jackals in the DDBR and sur-
roundings was poorly studied; the only reliable data 
were published by Angelescu (2004) as part of his 
PhD thesis. In his study, in collaboration with the 
Danube Delta National Institute for Research and 
Development, 68 stomachs were examined, among 
which 19 were empty. From the remaining, the con-
tent consisted of both animal and plant remains. The 
plant food (19 encounters) consisted mainly of fruit 
and seeds, originating from both forest and cultivated 
species. During the autumn, maize seeds Zea mays, 
sunflower seeds Helianthus annuus and grapes Vitis 
vinifera were consumed. Leaves of numerous plants 
and herbs were also found. Out of the 40 stomachs that 
had animal content, five were found to contain insects, 
mainly coleopterans and hemipterans. One individual 
stomach content, along with pieces of meat, included 
larvae of the dipteran Hypoderma diana, which is 
parasitic in the epidermis of cervids (Hassan et al. 
2010), indicating that an infected animal was eaten. In 
descending order according to frequency, the follow-
ing wildlife species were found: wild boar Sus scrofa, 
roe deer Capreolus capreolus, European hare Lepus 
europaeus, raccoon dog Nyctereutes procyonoides, 
golden jackal Canis aureus, muskrat Ondatra zibethi-
cus, water vole Arvicola amphibius, European ground 
squirrel Citellus citellus, lesser mole-rat Spalax leuco-
don and Romanian hamster Mesocricetus newtoni. A 
small number of birds were also found, such as com-
mon starling Sturnus vulgaris, common quail Cotur-
nix coturnix and Eurasian jay Garrulus glandarius. 
Near the investigated dens, remains of pheasant Pha-
sianus colchicus, mallard Anas platyrhynchos, crow 
species Corvus spp. and Eurasian magpie Pica pica 
were found, especially during the growth period of 
the pups. The identified domestic animals were pig 
Sus scrofa domestica, sheep Ovis aries, dog Canis lu-
pus familiaris, chicken Gallus gallus domesticus and 
turkey Meleagris gallopavo. Other contents, such as 
plastic material, including sausage wrappers, strings 
and paper, were also identified, suggesting again a 
scavenging behaviour in proximity to human settle-
ments (Angelescu 2004).

Population assessment and economic damages
For the results of population estimations based on 
direct monitoring, see Table 1. The interviews with 
the people revealed variable results. In Sălcioara, 
golden jackals have been established around 1995 
and the population has shown a remarkable increase. 
There was no information that jackals had attacked 
or killed any domestic mammal. However, it was no-
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ticed that during the winter periods, jackals enter the 
villages and attack unenclosed poultry. In Jurilovca, 
no jackal attacks were reported in the locality but 
there is information on annual attacks on pastures, 
on unsupervised newborn calves, poultry and piglets. 
In the Partizani area, nocturnal attacks were reported 
annually. According to locals, jackals killed a total 
of four lambs, six newborn calves and 14 piglets, in 
most cases unsupervised and unenclosed animals. In 
Murighiol area, the interviewed people declared that 
jackals attack lambs, adult sheep, goats and piglets 
during the night. In most cases, the attacked animals 
were unsupervised and unenclosed. In some instanc-
es, the locals declared attacks on poultry but after fur-
ther questioning, it was concluded that jackals were 
misidentified, confused with red foxes Vulpes vulpes. 
In Maliuc area, according to locals, attacks occur an-
nually, and 15 unsupervised calves were killed and 
eaten by jackals. Attacks on baby goats and lambs 
were also declared. The animals were unsupervised.

Overall, 154 persons from seven localities re-
sponded to the written questionnaires (Table 2). On 
the first question (Does the jackal produce damage 
in your area?), the great majority of people (143; 
92.86%; 95% CI 87.58-96.33) answered “yes”. The 
affirmative responses/location ranged from 71.43% 
(95% CI 41.90-91.61) in Iazurile to 100% in four 
localities (Sălcioara, Partizani, Maliuc and Crișan). 
The second question represents an extension of the 
first one, asking the number of known examples. 
The responses are presented in Table 3.

For the third question (Did you sustain any 
damages?), the frequency of positive answers was 
110 (71.43%; 95% CI 63.60-78.41), while 36 re-
sponders (23.38%; 95% CI 16.94-30.86) declared 
they had not been damaged. The others did not re-
spond. In Partizani, the frequency of positive an-
swers was 100% (95% CI 79.41-100).

Regarding the affected domestic species (ques-
tion 4), most answers referred to poultry (chicken, 
ducks, geese, turkeys) and sheep, while the most af-
fected locations seem to be Sălcioara and Maliuc 
(Table 4). Multiple answers were also given. From 
the fifth question, regarding the known number of at-
tacked animals, the results revealed that in most cases 
sheep and goats were involved (Table 5). Regarding 
the time of attacks (question 6), 122 persons (79.22%; 
95% CI 71.95-85.33) declared that the attacks hap-
pened during the night, while 21 (13.64%; 95% CI 
8.64-20.09) stated they occurred during the day. The 
others (11; 7.14%; 95% CI 3.62-12.42) declared they 
did not know. According to the responses, in Sălcioara 
and Partizani, the attacks happened exclusively during 
the night. The responses received to the seventh ques-

tion indicate that most of the attacks targeted unen-
closed and unsupervised animals (Table 6).

According to responses received to the eighth 
question, autumn and winter were the seasons when 
jackal attacks on livestock were more frequent (Table 
7); multiple answers were also given. For the ninth 
question (Did jackals enter your locality?), 118 per-
sons (76.62%; 69.14-83.06) gave a positive response, 
26 (16.88%; 95% CI 11.33-23.75) a negative one, 
while the rest (10; 6.49%; 95% CI 3.16-11.62) had 
no knowledge on the matter. Unanimous positive an-
swers were recorded in Sălcioara and Partizani.

To the tenth question, referring to damages pro-
duced in the year prior to the study (2015), the ma-
jority (136; 88.31%; 95% CI 82.16-92.92) declared 
that they have occurred, while some had no knowl-

Table 1. Estimation of the golden jackal populations 
within the study areas.

Location January - November 2015 January 2016
Sălcioara 40-50 20
Murighiol 50-60 55
Maliuc 40-50 40
Partizani 50-80 105
Jurilovca 100-200 180

Table 2. Number of received written responses at each 
locality.

Locality Answers
Jurilovca 36
Sălcioara 30
Murighiol 27
Iazurile 14
Partizani 16
Maliuc 17
Crișan 14
Total 154

Table 3. Frequency of answers received for the second 
question If yes, how many examples do you know? Leg-
end: *Obtained by calculation, from the responses pro-
viding an accurate number.

Locality No an-
swer

Inaccurate 
responses None Total given 

examples*
Many Few

Jurilovca 0 0 0 3 745
Sălcioara 0 15 4 1 76
Murighiol 2 16 2 4 12
Iazurile 4 0 1 0 107
Partizani 0 0 0 0 615
Maliuc 2 1 0 0 45
Crișan 0 9 0 0 27
Total 8 41 7 8 1627
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edge (16; 10.39%; 95% CI 6.06-16.32) or denied (2; 
1.30%; 95% CI 0.16-4.61). The negative responses 
were received from Murighiol and Iazurile, while 
unanimous positive answers were recorded in four 
localities (Sălcioara, Partizani, Maliuc and Crișan). 
Regarding the frequency of damages (question 11), 
104 of the responders (67.53%; 95% CI 59.53-74.85) 
declared that they happen annually. The rest gave 
variable answers (Table 8). When asked whether the 
claimed attacks could be attributed to other species, 

such as foxes or dogs (question 12), only 47 persons 
(30.52%; 95% CI 23.36-38.44) denied that possibili-
ty. Other 15 (9.74%; 95% CI 5.55-15.56) were uncer-
tain but willing to accept the idea, while 68 (44.16%; 
95% CI 36.17-52.37) answered “yes”. The rest (24; 
15.58%; 95% CI 10.25-22.30) did not answer or de-
clared they did not know.

The frequency of positive and negative answers 
to question 13 (Do you fear the jackals?) were simi-
lar, but slightly in favour of positives (85; 55.19%; 

Table 4. Frequency of answers received for the fourth question: In which domestic animals do you know losses were 
produced? Legend: * new-born; ** young; *** adult; A combined reports for all species.

Locality
Sheep Goats Cattle

Pigs Poultry A No knowledge Total
** *** ** *** * **

Jurilovca 2 0 0 1 7 1 3 42 5 53
Sălcioara 1 0 0 0 0 0 0 110 1 111
Murighiol 18 8 12 7 4 1 1 11 4 62
Iazurile 8 7 4 7 0 0 0 4 4 30
Partizani 2 5 2 2 4 0 3 21 0 39
Maliuc 16 3 17 9 16 1 1 5 0 67
Crișan 6 7 5 7 7 1 2 20 0 55
Total 53 30 40 33 38 4 10 213 15 417

Table 5. Frequency of answers received for the fifth question: How many domestic animals do you know were attacked 
by jackals? Legend: * new-born; ** young; *** adult; A combined reports from all species.

Locality
Sheep Goats Cattle Pigs Poultry A Just number 

(no species)
No knowl-

edge
** *** ** *** * **

Jurilovca 3 0 0 0 21 16 40 12 5 0
Sălcioara 0 0 0 0 0 0 0 20 25 1
Murighiol 20 4 11 7 2 0 0 11 0 3
Iazurile 0 145 0 7 0 0 0 25 0 0
Partizani 13 44 0 10 12 0 16 144 0 0
Maliuc 119 2 252 85 48 0 0 0 0 0
Crișan 3 2 4 14 7 0 2 64 239 0
Total 158 197 267 123 90 16 58 276 269 4

Table 6. Frequency of answers received for the seventh 
question: Were the attacked domestic animals enclosed or 
free roaming; supervised or unsupervised?

Locality
Supervised Enclosed No knowl-

edgeYes No Yes No
Jurilovca 2 22 0 2 10
Sălcioara 3 28 0 8 1
Murighiol 8 11 5 2 4
Iazurile 4 2 0 4 4
Partizani 14 3 0 1 0
Maliuc 3 16 1 7 0
Crișan 8 7 0 1 2
Total 42 89 6 25 21

Table 7. Frequency of answers received for the eighth 
question: Which is the season or period of the year when 
jackals produce damages?

Locality
Season No 

knowl-
edgeSpring Sum-

mer
Au-

tumn
Win-
ter

Jurilovca 5 30 34 29 1
Sălcioara 29 30 30 29 0
Murighiol 19 5 5 15 4
Iazurile 5 4 7 7 4
Partizani 0 3 4 16 0
Maliuc 16 14 14 16 0
Crișan 14 13 12 13 0
Total 88 99 106 125 9
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95% CI 46.98-63.20). The final question (Do you 
agree to the limitation of the number of jackals?) 
was answered positively by the great majority (139; 
90.26%; 95% CI 84.44-94.45). Only two persons 
(1.30%; 0.16-4.61) declared they were against it, 
while 13 (8.44%; 95% CI 4.09-13.22) did not an-
swer or declared they did not know.

Discussion
Although the golden jackals are considered carnivo-
rous predators, in the absence of prey they can be tem-
porarily omnivorous, having various percentages of 
plant components in their diet (Marinov et al. 2018). 
In the DDBR, according to available sources, vegetal 
content was retrieved in 38.77% of cases, consisting 
mainly of fruits and seeds. Previous studies performed 
in Asia (Azerbaijan and Tajikistan) revealed 26.2% 
plant contents, including melons, olives, sugar beet, 
Solanaceae fruits, berries and wheat (cited after Mu-
rariu & Munteanu 2005). In India, several studies 
have reported an intense consumption of fruit and 
plants (Sankar 1988, Mukherjee 1998, Khan et al. 
2017). In Israel, fruits were identified with a frequen-
cy of 31.3% (Borkowski et al. 2011). In Croatia, the 
vegetal content had a frequency of 34.1% and consist-
ed mainly of grapes, figs and juniper (Radovic & Ko-
vacic 2010). A study performed in Bulgaria revealed 
that plants were a secondary food source, with an 
overall frequency of 19.7%, including plums, pears, 
sunflower seeds and grassy vegetation (Markov & 
Lanszki 2012). It seems that at least during some pe-
riods of the year, fruits represent an important part of 
the jackals’ diet. In all of the above-mentioned studies, 
the main food source consisted of various species of 
domestic and wild mammals, followed by birds and 
invertebrates (mostly insects). The jackals easily hunt 
and consume small game animals (e.g. hares) and ro-
dents, which represent their main food source (Lan-
szki & Heltai 2002, Lanszki et al. 2006, 2010, 2016, 
Markov & Lanszki 2012, Penezić & Ćirović 2015, 

Vlasseva et al. 2017, Lange et al. 2021). The pres-
ence of medium-sized or large animal fragments in the 
gastric content (e.g. sheep, deer, boar) is very likely a 
consequence of the jackals’ necrophagous behaviour 
(Borkowski et al. 2011). However, the possibility of 
such animals being injured or in poor condition, and 
hunted by the golden jackals cannot be fully excluded. 
It was repeatedly observed that golden jackals hunt 
young, old or infirm animals surpassing their size 4-5 
times (Jhala & Moehlman 2004). 

One interesting aspect is the finding of frag-
ments of other canids. Previous research revealed 
that in areas where the jackal populations have in-
creased, fox and raccoon dog populations declined. 
The interspecific competition manifests also in direct 
confrontation and predation – foxes and raccoon dogs 
being physically eliminated by jackals (Lanszki & 
Heltai 2002, Bihari et al. 2007). During the present 
study, three possible cases of cannibalism were iden-
tified. However, necrophagy, with the consumption 
of corpses of other jackals, cannot be excluded. 

The scarcity of available food represents both 
selection factor and driver of migration (Stenin et 
al. 1983). Our field observation indicate the concen-
tration of important numbers of individuals in areas 
where food resources are easily accessible, such as 
zootechnic farms and along the seaside, where the 
currents frequently bring dead animals. However, 
considering the remarkable agility of the species and 
its territorial requirements (1.3-6 km2/family, accord-
ing to Murariu & Munteanu 2005), we believe that 
the official estimation of 2400 individuals in the re-
gion of the Danube Delta (Anonymous 2018) is over-
estimated. Furthermore, the aggressive expansion 
and concentration in some particular areas, at least in 
Romania, may also have a social component related 
to the general improper management of household 
waste in rural areas, particularly food items and (or) 
carcasses of livestock animals that are not cremated.

The locals have demonised the golden jackal, 
and their general perception of the species is nega-

Table 8. Frequency of answers received for the eleventh question: Which is the frequency of damages (every year or 
only in some years, starting more intensely from which year)?

Locality Every year Only in some years More frequently More intensely starting 
from year

No knowledge/ no 
answer

Jurilovca 24 2 1 0 9
Sălcioara 27 0 1 1 (2010) 1
Murighiol 21 0 0 2 (2014; 2016) 4
Iazurile 7 0 0 3 (2015) 4
Partizani 11 1 0 3 (2010-2011) 4
Maliuc 13 0 0 11 (2010-2016) 1
Crișan 1 0 0 0 2
Total 104 3 2 20 25
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tive. This fact has been revealed both by the fear 
generated by this species and by the general agree-
ment for the population size revealed in the course 
of the present study. According to the discussions 
and following questionnaires, the golden jackals 
have been incriminated for attacks on several spe-
cies of livestock, such as newborn and young cattle, 
small ruminants of any age, piglets and several poul-
try species. Indeed, consumption of domesticated 
animals has been reported by several authors (e.g. 
Stenin et al. 1983, Yom-Tov et al. 1995, Borkows-
ki et al. 2011) but, in many cases, the analysed ma-
terial originated from carcasses. Although the ma-
jority of reports seems improbable, at least a part 
of the declared attacks corresponds to reality. How-
ever, due to the lack of knowledge of the species and 
inconsistencies noticed in the received written an-
swers, we regard the claimed damages as exagger-
ated and sometimes even invented, e.g. declarations 
of personal damage, combined with not knowing 
any examples of jackal attacks and (or) lost animals. 
Furthermore, the real attacks may have also been 
performed by other carnivorous species, including 
stray dogs Canis lupus familiaris, red foxes Vulpes 
vulpes and mustelids such as Martes spp. or Mustela 
putorius. Either way, generally, the attacked animals 
were free-roaming and unsupervised. Therefore, the 
use of fencing systems and the supervision of graz-
ing animals would greatly reduce economic losses, 
regardless of the species blamed for the attacks. 

The increased number of attacks declared dur-
ing the winter is plausible due to a reduction of other 
available food sources but that is also valid for all 
species of potential predators.

The DDBR is a protected area, having a vari-
ety of habitats and ecosystems of importance to bio-
diversity conservation. The golden jackal within the 
DDBR represents a top predator; therefore, it is a val-
uable element within the trophic network. However, 
to identify the trophic patterns of golden jackal popu-
lations and their dynamic in DDBR habitats, further 
research is required. Nevertheless, considering that 
the claimed damages were supported by trophobiol-
ogy studies only to a small extent, we believe that 
limitation of the golden jackal population is inexpedi-
ent in the absence of further, more detailed studies, 
aiming to establish their actual role in the ecosystems. 

Conclusions
Following the verbal questioning of locals, it was 
noted that losses caused by the golden jackals are 
claimed throughout the DDBR and surroundings. 
The written questionnaires distributed in February 

2016 have allowed quantification of claimed dam-
ages. However, the results were unreliable as re-
sponders were subjective, overestimating the actual 
damages or simply inventing them. Furthermore, in 
real situations, in many instances, the species pro-
ducing the damages may have been other than the 
golden jackal. The present study indicates a general 
belief that golden jackals are dangerous predators 
causing economic damage by attacks on domestic 
animals within the DDBR and demonstrates that ex-
tractions are unnecessary management measures. 
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