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Abstract. The permanent breeding range of the golden jackal (Canis aureus) in Europe was restricted to
the Black Sea coast and Balkans in the 1960s. From the 1980s, a rapid and steady increase of the species
occurrence has been documented throughout Europe. The observations of single individuals prevail, the
proofs of breeding family groups are much more scarce. Here we present the second evidence of golden
jackal breeding in Central Bohemia (Czech Republic) which took place near Dlouha Lhota, about 50 km
south of Prague, in 2022. Photographic evidence of adults and two cubs was made with the help of camera
traps.
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INTRODUCTION

The golden jackal (Canis aureus Linnaeus, 1758) is one of the most expanding mammals in
Europe. Its spreading started during the second half of the 20th century (KRYSTUFEK & TVRTKO-
vI¢ 1990) and originated from two core areas — the Black Sea coast (Bulgaria) and the western
Balkans (Croatia). The golden jackal is resident in most of south-eastern Europe, from Bosnia
and Herzegovina to Russia (KRYSTUFEK et al. 1997, SzABO et al. 2009, RUTKOWSKI et al. 2015,
TROUWBORST et al. 2015, TRBOJEVIC et al. 2018, Spassov & Acosta-PaNkov 2019).

The first confirmed occurrence of golden jackals in Slovenia dates back to 1952 (BRELIH
1955) and two territorial families were recorded near Bevke, central Slovenia, in 2009 (KROFEL
2009). The golden jackals also spread to Italy, where they were recorded during the 1980s, with
reproducing families confirmed in South Tyrol in 2009 (LaPINI & PErRCO 1988, LAPINI et al.
2009). Since that time, the number of jackal sightings throughout Europe has increased rapi-
dly, however the number of documented breeding events outside the core contiguous breeding
range is still relatively scarce. It is largely due to the fact that it is often difficult to identify the
species and to distinguish between migratory and resident individuals (KowaLczyk et al. 2020).

The golden jackal has been recorded as far as in northern Norway (SORENSEN & LINDSo
2021). The species was for the first time recorded in Estonia in 2011, in Latvia in 2013 and in
Lithuania in 2015 (PauLAUSKAS et al. 2018). The migrating individuals have already reached
western Europe and the species appeared in Denmark in 2015 (TiLLMANN 2020), the first record
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in the Netherlands was made in 2016 (vAN DER GRIFT 2016). Jackals have been observed also
in Switzerland (TROUWBORST et al. 2015) and France (POTOCNIK et al. 2022).

The golden jackal has been found in all countries neighbouring the Czech Republic. The
occurrence of the species in Slovakia increased steadily from 1989, when the first record was
confirmed (besides an old doubtful record from the 1940s). Altogether 418 records of the jackal
were gathered until 2016; it was recorded throughout Slovakia, with the centre of occurrence
in the southern lowlands (GUIMARAES et al. 2019), and the number of jackals was estimated at
444 individuals in 2019 (UrBAN et al. 2020). However, no clear evidence of reproduction in
Slovakia is available until now (GUIMARAES et al. 2021).

The first record of the species from Austria came from 1987 (Hoi-LEITNER & KRrRAUS 1989)
and the reproduction of the golden jackal was confirmed in the eastern part of the country near
Lake Neusiedl in 2007 (HERZIG-STRASCHIL 2008). The second proof of golden jackal reprodu-
ction was obtained in 2016 (HATLAUF & HACKLANDER 2016). At least four jackal family groups
were confirmed in Styria and Burgenland, based on the bioacoustics stimulation monitoring
(HATLAUF et al. 2021, 2022).

The first three records of golden jackals in Poland were made in 2015. One individual was
a young male roadkill found in the north-eastern part of the country, two other records were
confirmed by photographs made in eastern Poland (KowarLczyk et al. 2015). In 2015 and 2017,
the reproduction of jackal was proved near Kwidzin in the northern part of the country. Recently,
fifteen localities of jackal are known throughout the country (KowaLczyk et al. 2020).

The situation of the species in Germany is similar to the pattern of other Central European
countries. The jackal was first recorded in 1996 in Brandenburg (ARNOLD et al. 2012). Altogether,
25 observations were made until 2020 (TiLLMANN 2020), the permanent occurrence of the golden

Fig. 1. An adult golden jackal photographed by Richard PApsT near Dlouha Lhota, Central Bohemia,
Czech Republic on 18 July 2022.
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jackal is confined to three regions: Ravensburg area (Baden-Wiirtenberg), Vogelsberg area (He-
sse) and in the Heinich National Park (Thuringia; BOCKER et al. 2020). More recently, a juvenile
was documented by a camera trap in the Schwarzwald-Baar District (Baden-Wiirttemberg) in
2021, providing the first evidence of reproduction in Germany. In June 2022, two adult golden
jackals accompanied by cubs were observed in the same area. Additionally, jackal reproduction
was reported from Lower-Saxony in September 2022 (BOCKER et al. 2022).

In the Czech Republic, the first occurrence of the golden jackal was confirmed in southern
Moravia in 2006 based on a reportedly roadkill (in fact a shot individual) found at Podoli,
southern Moravia (KoOUBEK & CERVENY 2007). Other two individuals were also found killed
on roads, the first one in southern Moravia between Klobouky u Brna and Morkavky in 2010
(FOrEITEK et al. 2011) and the other in a vicinity of Vranovice in Central Bohemia in 2011
(KADLEC 2012). Furthermore, a female was shot in northern Moravia near Hukovice by a hunter
who confused a golden jackal for a fox (HUDECEK & JAKUBEC 2014). The permanent occurrence
of a presumably one jackal individual was documented from a former military training area
near Milovice between 2015 and 2016 (PYSKoVA et al. 2016), and the reproduction of jackal
was first documented from the Czech Republic in 2017 from the same area (JIRKU et al. 2018).
In our paper, we present an evidence of permanent occurrence and reproduction of the golden
jackal in the southern part of Central Bohemia.

THE RECORD

The evidence of the golden jackal breeding is based on photographs from five camera traps
Cuddeback C1 with white flash and three other camera traps, OXE Gepard II, Ancheer, and Ltl.
Acorn 5310 MC. The traps were installed near Dlouha Lhota, Pfibram district, Central Bohemia,
ca. 50 km south of Prague (49.72598°N, 14.11936°E). The landscape is flat or gently undulating
and lies at a medium altitude of 400—452 m a. s. 1. The average annual air temperature in the
area is 8 °C (Torasz et al. 2007).

The first camera trap was installed on 10 July 2022. The camera traps were checked and
data downloaded from SD cards in 3—4 week intervals. The photographs used in this paper
were collected between 10 July and 21 December 2022. Three to seven camera traps were
used simultaneously in the field, four traps most often; the traps were set to take photographs
in series, the video mode was not used. The cameras were set up on an area ca. 21 hectares in
size. Additionally, two authors (RP, MM) also took photographs of an adult individual during
two morning field monitoring sessions (Fig. 1).

There is an intensively used agricultural land around the village of Dlouha Lhota, which is
interspersed with smaller mixed coniferous-deciduous forests with the prevalence of the Norway
spruce (Picea abies), Scots pine (Pinus sylvestris), and English oak (Quercus robur). Fields are
in some places separated by hedgerows which consist mainly of the goat willow (Salix caprea),
black elder (Sambucus nigra) and Eurasian aspen (Populus tremula). There are a few small
watercourses and several small ponds in the broader area. Corn, wheat, barley, and rapeseed
were grown predominantly in the area. The alfalfa (Medicago sativa) and red clover (Trifolium
pratense) were grown on several fields (the approximate area of 149 hectares in 2021, measured
as a polygon on www.mapy.cz). A high abundance of the common vole (Microtus arvalis) was
observed on these fields in 2021 and 2022. Most of these fields were ploughed and new crops
planted during the summer of 2022. All registered records of the golden jackal were assessed
and categorised according to HATLAUF & BOCKER (2022). Only C1 data were taken into account
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Fig. 2. Two juvenile golden jackals photographed by a camera trap near Dlouhé4 Lhota, Central Bohemia,
Czech Republic on 15 September 2022.

for the purpose of this paper (camera trap photos). The particular events were separated from
each other if there was a time delay longer than 1 minute between different pictures or series
of pictures. It was possible to identify the golden jackal in 95 photographs during the period
of camera trap monitoring, which corresponded to 55 C1 events. No more than two cubs were
recorded simultaneously during three events (Fig. 2), these individuals were determined as
juveniles especially by their overall body size, muzzle length and head shape (Fig. 3).

The highest number of photos with jackals were taken in July (30) and September (23), lower
activity was observed in October (18) and December (13), with the fewest records in Novem-
ber (7) and August (4). Most of the events (37) were collected during the first half of the day
(midnight-noon), which comprised 67% of all observations. The jackals were most frequently
documented at 7:00-8:00 a.m., which corresponds to 20% of all sightings (11 C1 events).

The photographs from the camera traps confirmed the presence of other mammalian species
that shared the same habitat with golden jackals: the wild boar (Sus scrofa) — juvenile/adult,
roe deer (Capreolus capreolus) — adult, red deer (Cervus elaphus) — adult, European fallow
deer (Dama dama) —juvenile/adult, white-tailed deer (Odocoileus virginianus) —juvenile/adult,
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European hare (Lepus europaeus), stone marten (Martes martes), pine marten (Martes foina),
red fox (Vulpes vulpes), European badger (Meles meles), brown rat (Rattus norvegicus), and
the domestic cat. Wolves and stray dogs were not recorded in the area.

DISCUSSION

The spreading of the golden jackal from its core distribution areas to western and northern
Europe has been rapid in recent decades. Several factors related to its natural dispersal were
reported, such as the global warming (ARNOLD et al. 2012, PYSKOVA et al. 2016), the absence of
wolves in the territory (KRYSTUFEK & TVRTKOVIC 1990, KROFEL et al. 2017), deforestation, the
development of road networks, the availability of food near human settlements, and activities
in agriculture (SPAassov & AcosTa-PANkoOV 2019).

The golden jackal is now present in the whole Central Europe, its reproduction has been alre-
ady confirmed in three countries neighbouring the Czech Republic — Germany, Poland, Austria,
but not in Slovakia. It can be assumed that breeding of golden jackals in Slovakia is also very
likely, as the species is estimated to be much more abundant there (UrRBAN et al. 2020) than in
the Czech Republic. For example, the data from Poland indicate that the jackal expansion took

9/20/2022

Fig. 3. A juvenile golden jackal photographed by a camera trap near Dlouha Lhota, Central Bohemia,
Czech Republic on 20 September 2022.
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place before the first records of its breeding were confirmed in 2015 (RuTKOWSKI et al. 2015).
As a secretive animal with twilight and nocturnal activity, it is likely to escape attention. It is
very probable that its permanent occurrence and thus the evidence of breeding of the species is
underestimated in many other areas, due to the hidden life of jackals, the unfamiliarity of the
species, and its possible confusion with the red fox (HUDECEK & JAKUBEC 2014).

The golden jackals prefer cultivated agricultural areas and wetlands at lower elevations. They
utilise heterogeneous habitats with adequate cover for hiding and breeding, such as shrub-herba-
ceous vegetation. Their presence is positively influenced by short snow cover duration. However,
as an opportunistic omnivorous mesocarnivore it is able to utilise a wide variety of habitats
(SALEK et al. 2014, HOFFMANN et al. 2018). SPassov & AcosTa-PANKOV (2019) demonstrated
the most positive golden jackal call responses were collected within 1 km from a water source
in an intensively used agricultural landscape, with sparse forests. The golden jackals have also
been confirmed more frequently at lower altitudes up to 500 m a. s. 1. The negative effect of the
proximity to settlements has not been confirmed but the jackals tend to occur in areas close to
settlements with lower numbers of inhabitants (200—1000; Spassov & AcosTA-PaNkov 2019).

Concerning such data, the area where the species was found to reproduce in Central Bohemia
fits very well the description of the preferred habitat and its requirements given in the above
literature. Agricultural practice in the area was mainly focused on crop production — cultivation
of corn, rape, barley, and wheat. In several places, fields of larger surface (ca. 150 ha in total)
have been sown with alfalfa and red clover. The forage crops from these fields were used to
feed cows in several nearby cowsheds, they remained in the same fields for several (typically
3-4) years.

From the autumn 2021 until spring 2022, high densities of common vole burrows were ob-
served in the largest alfalfa fields. Between 23 November 2021 and 24 February 2022, thirteen
wintering short-eared owls (4sio flammeus) were ringed in the area, which was by far the highest
number during the past 14 winters. About 15-20 wintering hen harriers (Circus cyaneus) were
recorded in the fields there during the same period; it was also the highest number of individuals
recorded in the area during the monitoring between 2010 and 2022. These findings indicate
that the high supply of easily available prey (common vole), which is an important component
of the golden jackal diet (MARKOV & LaNszk1 2012, LANGE et al. 2021), may have contributed
significantly to the permanent presence of jackals in the area and finally resulted in successful
reproduction. However, there is another undocumented sighting of an adult jackal with four
cubs in the same area from 2020. The head of the local hunting association reported observation
of jackals in a field during the rapeseed harvest (M. VOPICKA, pers. comm.). Considering our
record from 2022, the presence of the golden jackals in 2020 and their reproduction might be
considered highly probable.

Further research is needed to gain a better knowledge on the distribution and co-existence of
jackals not only in the Czech Republic and to monitor the development of a newly established
and highly overlooked population in areas outside the permanent breeding range. Last but not
least, it is also necessary to raise hunters’ awareness of the ecology and ethology of the species.

Acknowledgements

The monitoring was carried out thanks to the CE1001 3Lynx project, within which the camera traps
Cuddeback C1 were purchased. We thank Miroslav VopICKa, a head of the local hunting association, for
the information about the presence of the golden jackals in 2020. We are grateful to Soia WOINAROVA
for proofreading the manuscript.

178



REFERENCES

ARNOLD J., HUMER A., HELTAI M., MURARIU D., SpAssov N. & HACKLANDER K., 2012: Current status and
distribution of golden jackals Canis aureus in Europe. Mammal Review, 42: 1-11.

BOckeR F., JokiscH S. & Kramm A., 2020: Erste Hinweise auf residente Goldschakale (Canis aureus) in
Deutschland. Saugetierkundliche Informationen, 11: 281-290.

BOckEeR F., WEBER H. & CoLLET S., 2022: First documentation of golden jackal (Canis aureus) reprodu-
ction in Germany. Mammal Research, 68: 249-252.

BRELIH S., 1955: Sakali (Canis aureus L.) na ozemlju Slovenije [Golden jackals (Canis aureus L.) in the
territory of Slovenia). Bioloski Vestnik, 4: 56-58.

FOREITEK P., ERNST M. & MATOUSKOVA J., 2011: Sakal obecny (Canis aureus) — druhy dokladovany vy-
skyt na Moraveé [The golden jackal (Canis aureus) — a second evidence of its occurrence in Moravia)].
Myslivost, 59: 65—67 (in Czech).

GUIMARAES N., Buc¢ko J. & UrBAN P., 2019: The rise of a carnivore, the evolution of the presence of the
golden jackal in Slovakia. Folia Zoologica, 68: 66-71.

GUIMARAES N., PALEINSKY M., DUROVA J. & HROMADA M., 2021: Sakal zlaty — “Novy” druh na Slovensku
[The golden jackal — “new” species in Slovakia]. Ochrana Prirody, 37: 35—42 (in Slovak).

HATLAUF J. & BOCKER F., 2022: Recommendations for the Documentation and Assessment of Golden Jackal
(Canis aureus) Records in Europe. BOKU-Berichte zur Wildtierforschung und Wildbewirtschaftung 27.
Institut fiir Wildbiologie und Jagdwirtschaft, Universitét fiir Bodenkultur Wien, Wien, 30 pp.

HATLAUF J. & HACKLANDER K., 2016: Preliminary results for golden jackal (Canis aureus) survey in
Austria. Beitrdge zur Jagd- und Wildforschung, 41: 295-306.

HaATLAUF J., BAYER K., TROUWBORST A. & HACKLANDER K., 2021: New rules or old concepts? The golden jackal
(Canis aureus) and its legal status in Central Europe. European Journal of Wildlife Research, 67: 25-40.
HATLAUF J., SzABO L., BOCKER F., WIRK L., MARTON M., HACKLANDER K. & HELTAI M., 2022: Application
of combined field methods in golden jackal monitoring: Howling, conservation dogs and DNA analysis.
P. 77. In: HELTAI M. (ed.): 3rd International Jackal Symposium, 02—04 November 2022. Abstract Book.

MATE Institute for Wildlife Management and Nature Conservation, G6doll6, 86 pp.

HERZIG-STRASCHIL B., 2008: First breeding record of the golden jackal (Canis aureus L., 1758, Canidae)
in Austria. Annalen des Naturhistorischen Museums in Wien, 109: 73-76.

HorrMANN M., ARNOLD J., DuCKWORTH J. W., JHALA Y., KAMLER J. F. & KROFEL M., 2018: Canis aureus.
The IUCN Red List of Threatened Species. 2018: e.T1182641614146194820. URL: doi.org/10.2305/
TUCN.UK.2018-2.RLTS.T118264161A46194820.en

Horl-LEITNER M. & Kraus E. 1989: Der Goldschakal, Canis aureus (Linnaeus 1758), in Osterreich
(Mammalia austriaca 17). Bonner Zoologische Beitrdge, 40: 197-204.

HUDECEK J. J. & JAKUBEC M., 2014: Sakal obecny (Canis aureus) pronikl do Moravské brany [The golden
jackal (Canis aureus) penetrated to the Moravian Gate]. Poodri, 2: 11-13 (in Czech).

JIRKG M., DosTAL D., RoBOVSKY J. & SALEK M., 2018: Reproduction of the golden jackal (Canis aureus)
outside current resident breeding populations in Europe: evidence from the Czech Republic. Mammalia,
82: 592-595.

KaDLEC M., 2012: Zajimavosti [Curiosities]. Myslivost, 60: 71 (in Czech).

Kousexk P. & CERVENY J., 2007: The golden jackal (Canis aureus) —a new mammal species in the Czech
Republic. Lynx, n. s., 38: 103—106.

KowaLczyk R., KOLODZIEJ-SOBOCINSKA M., RUCZYNSKA I. & Woicik J. M., 2015: Range expansion of
the golden jackal (Canis aureus) into Poland: first records. Mammal Research, 60: 411-414.

KowarLczyk R., WuDARCZYK M., WOICIK J. M. & OkARMA H., 2020: Northernmost record of reproduction
of the expanding golden jackal population. Mammalian Biology, 100: 107—-111.

KROFEL M., 2009: Confirmed presence of territorial groups of golden jackals (Canis aureus) in Slovenia.
Natura Sloveniae, 11: 65—-68.

KROFEL M., GIANNATOS G., CIROVIC D., SToYANOV S. & NEWSOME T. M., 2017: Golden jackal expansion in
Europe: A case of mesopredator release triggered by continent-wide wolf persecution? Hystrix, n. s.,28: 9—15.

179



KRrYSTUFEK B. & TVRTKOVIC N., 1990: Range expansion by Dalmatian jackal population in the 20th century
(Canis aureus L., 1758). Folia Zoologica, 39: 291-296.

KRYSTUFEK B., MURARIU D. & KURTONUR C., 1997: Present distribution of the golden Jackal Canis aureus
in the Balkans and adjacent regions. Mammal Review, 27: 109-114.

LANGE P. N. A. M. J. G., LELIEVELD G. & DE KNEGT H. J., 2021: Diet composition of the golden jackal
Canis aureus in South-East Europe — a review. Mammal Review, 51: 207-213.

Lapini L. & PErco F., 1988: Lo sciacallo dorato (Canis aureus, L. 1758) specie nuova per la fauna italiana
(Mammalia, Carnivora, Canidae). Gortania — Atti Museo Friuli Storia Naturale, 10: 213-228.

Lapini L., MoLINARI P., DORIGO L., ARE G. & BERALDO P., 2009: Reproduction of the golden jackal (Ca-
nis aureus moreoticus 1. Geoffroy Saint Hilaire, 1835) in Julian Pre-Alps, with new data on its range
expansion in the high-adriatic hinterland (Mammalia, Carnivora, Canidae). Bollettino del Museo Civico
di Storia Naturale di Venezia, 60: 169—186.

MaARrkoOV G. & Lanszki J., 2012: Diet composition of the golden jackal, Canis aureus in an agricultural
environment. Folia Zoologica, 61: 44-48.

PAULAUSKAS A., RAZANSKE ., RADZIEVSKAJA J., NUGARAITE D. & GEDMINAS V., 2018: The golden jackal
Canis aureus — a new species in the Baltic countries. Biologija, 64: 203-207.

PySkova K., STorcH D., HORACEK I., KauzAL O. & PYSEK P., 2016: Golden jackal (Canis aureus) in the
Czech Republic: the first record of a live animal and its long-term persistence in the colonized habitat.
ZooKeys, 641: 151-163.

Poto¢NIK H., CrTaLIC J., KOS 1., PokorNY B., FiLAcORDA S., FRANCHINI M., FRANGINI L., PESARO S.,
PANTELIC I, BoGpANOVIC N. & Cirovié D., 2022: Preliminary determinants of (long distance) dispersal
behaviour in golden jackal. P. 38. In: HELTAI M. (ed.): 3rd International Jackal Symposium, 02—04 November
2022. Abstract Book. MATE Institute for Wildlife Management and Nature Conservation, Godo116, 86 pp.

Rutkowski R., KROFEL M., GianNaTos G., CIrovi¢ D., MANNIL P., VoLOKH A. M., LANSzKI J., HELTAT
M., SzaB6 L., BANEA O. C., YAVRUYAN E., HAYRAPETYAN V., KOPALIANI N., MILIOU A., TRYFONOPOULOS
G. A., LyMBERAKIS P., PENEZIC A., PAKELTYTE G., SUCHECKA E. & BoGgpANOvIcZ W., 2015: A European
concern? Genetic structure and expansion of golden jackals (Canis aureus) in Europe and the Caucasus.
Public Library of Science One, 10(11; €0141236): 1-22.

SALEK M., CERVINKA J., BANEA O. C., KROFEL M., CIrROVIC D., SELANEC 1., PENEZIC A., GRILL S. & RIE-
GERT J., 2014: Population densities and habitat use of the golden jackal (Canis aureus) in farmlands
across the Balkan Peninsula. European Journal of Wildlife Research, 60: 193-200.

SoRrENSEN O. J. & Linpso L. K., 2021: Gullsjakal pavist i Norge — forvaltningsutfordringer ved nye arter
i landet. Fauna, 74:74-87

Spassov N. & Acosta-Pankov 1., 2019: Dispersal history of the golden jackal (Canis aureus moreoticus
Geoffroy, 1835) in Europe and possible causes of its recent population explosion. Biodiversity Data
Journal, 7: 1-22.

SzaBo L., HELTAT M., SzUcs E., LANszk1 J. & LEHoczk1 R., 2009: Expansion range of the golden jackal
in Hungary between 1997 and 2006. Mammalia, 73: 307-311.

TiLLMANN J. E., 2020: Der Goldschakal in Deutschland. Naturschutz und Landschaftsplanung, 52: 428434,

Torasz R., MfKOVA T., VALERIANOVA A. & VOZENILEK V. (eds.), 2007: Climate Atlas of Czechia. Czech
Hydrometerological Institute & Palacky University Olomouc, Praha & Olomouc, 255 pp.

TRBOJEVIC L., TRBOJEVIC T., MALESIC D. & KROFEL M., 2018: The golden jackal (Canis aureus) in Bos-
nia and Herzegovina: density of territorial groups, population trend and distribution range. Mammal
Research, 63: 341-348.

TROUWBORST A., KROFEL M. & LINNELL J. D. C., 2015: Legal implications of range expansions in
a terrestrial carnivore: the case of the golden jackal (Canis aureus) in Europe. Biodiversity and Con-
servation, 24: 2593-2610.

UrBaN P., GuiMARAES N. & Bucko J., 2020: Golden jackal, a natural disperser or an invasive alien species
in Slovakia? A summary within European context. Folia Oecologica, 47: 89-99.

VAN DER GRIFT E., 2016: First Golden Jackal Spotted in The Netherlands. Wageningen University, Wage-
ningen. URL: URL: www.wur.nl/en/newsarticle/first-golden-jackal-spotted-in-the-netherlands.htm.

180





