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A B S T R A C T   

The arrival of a new carnivore can have important effects on local communities. While several 
effects of introduced alien species have been well documented, few studies have reported the 
ecological consequences of an expanding native species. Golden jackals (Canis aureus) are rapidly 
expanding their distribution in Europe, far beyond their historic range. While this raises many 
concerns about their potential impact on native wildlife, actual consequences are rarely recorded. 
Besides being a predator, the jackal is also an efficient scavenger and could function as a klep-
toparasite for other predators living in areas colonized by jackals. Large felids are among the 
predators most vulnerable to kleptoparasitism and Eurasian lynx (Lynx lynx) are already known to 
be negatively affected by several scavengers. Here we report on the first confirmed cases of 
jackals scavenging on lynx kills in the Dinaric Mountains, Slovenia. We used camera traps to 
monitor scavengers at 65 lynx kills and recorded two cases of groups of jackals feeding on roe 
deer killed by lynx. To determine the potential for jackal kleptoparasitism on lynx at the conti-
nental level, we also calculated trends in the overlap in distribution ranges of both species in 
Europe. To date, jackals have colonized 13% of lynx range, including parts of two highly 
threatened populations. Finally, we highlight the potential impact of sympatric grey wolves 
(Canis lupus) to modulate this newly described jackal-lynx kleptoparasitic interaction.   

1. Introduction 

The return or arrival of a new carnivore can have important effects on local communities and, in some cases, trigger trophic 
cascades with substantial changes in the ecosystems (Ripple et al., 2014; Newsome et al., 2017). While impacts of introduced alien 
species have already been well documented (e.g. see Davis, 2009 for a review), few studies have reported the ecological consequences 
of naturally-expanding native species beyond their historic ranges (Mumma et al., 2017). Golden jackals (Canis aureus; hereafter 
jackals) are rapidly expanding across Europe (Trouwborst et al., 2015; Krofel et al., 2017). They are highly adaptable species with an 
opportunistic feeding behavior and diverse diet (Lanszki et al., 2015; Ćirović et al., 2016). Although many aspects of jackal ecology 
remain poorly studied (Krofel et al., 2022), their expansion is raising many concerns among researchers and managers about the 
possible negative impacts towards local wildlife, including the reduction of ungulate populations and threatened birds, transmission of 
diseases and parasites, as well as hybridization with other canids (Szabó et al., 2009; Rutkowski et al., 2015; Trouwborst et al., 2015; 
Ćirović et al., 2016). However, despite documented predation of several taxa and certain overlap in ecological niches with other 
mesocarnivores (e.g. Lanszki et al., 2015; Tsunoda et al., 2017, 2020), most studies reported so far did not detect negative effects on the 
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local wildlife populations (e.g. Lanszki et al., 2015; Ćirović et al., 2016), with exception of a study on red fox (Vulpes vulpes) in 
Romania, where presence of jackals was correlated with lower body weights of juvenile foxes (Farkas et al., 2017). 

One of the potential interactions between jackals and local wildlife that remains unstudied is kleptoparasitism, also known as food 
stealing (Iyengar, 2008). This includes scavenging on prey killed by apex predators, which can cause considerable food loss for the 
predators (Allen et al., 2015; Krofel and Jerina, 2016), indirectly increase kill rates (Krofel et al., 2012), reduce reproductive success 
(Balme et al., 2017), or even pose a threat for the predator population (Gorman et al., 1998). It has been also suggested that, in the long 
term, kleptoparasitism may trigger changes in prey choice, social system, and evolution of predators (Iyengar, 2008; Krofel et al., 
2012). 

Due to their long feeding times and lower resource holding potential compared to gregarious competitors, large solitary felids are 
among the predators most vulnerable to kleptoparasitism and frequently reported to lose considerable amount of food to scavengers 
(see Krofel et al., 2012 for review). The Eurasian lynx (Lynx lynx; hereafter lynx) is the largest felid in Europe with several populations 
being critically endangered (Kaczensky et al., 2013). Wild ungulates are the most frequent prey of lynx, which typically need several 
days to consume their kills (Breitenmoser, Breitenmoser, Würsten, 2008). This often results in various kleptoparasites scavenging on 
their kills, ranging from small carnivores and birds to large dominant scavengers, with highest losses so far attributed to brown bear 
(Ursus arctos) (Krofel and Jerina, 2016) and wild boar (Sus scrofa) (Jędrzejewska and Jędrzejewski, 1998; D′ula & Krofel, 2020). Lynx 
can respond to these losses by increasing their kill rates, but their capacity for such compensation can be limited (Krofel et al., 2012). 
Therefore, additional kleptoparasitism from novel scavengers could have a negative impact on this apex predator and potentially 
influence its role in the ecosystem. 

Jackals are known to be very efficient scavengers (Lanszki et al., 2015) and can attain high local densities (up to 5 territorial 
groups/10 km2; Giannatos et al., 2005). For example, in Serbia, they have been estimated to annually consume > 3700 tons of do-
mestic and wild ungulate carcasses (Ćirović et al., 2016). Despite this potential of jackal as a kleptoparasite, to our knowledge so far no 
study has documented jackal scavenging on a predator kill in Europe, although they co-occur with several species of large predators (e. 
g. Guimaraes et al., 2021). Thus, it remains unclear whether jackals avoid such food sources due to the potential danger of being killed 
by a larger predator or the lack of such cases is due to limited research attention given to this interaction. So far there has also been no 
attempt to evaluate the potential for kleptoparasitic interactions between jackals and apex predators. To fill this knowledge gap, we 
report on the first cases of jackals scavenging on prey remains of lynx recorded during the long-term video surveillance of lynx kill sites 
in Slovenia. Additionally, we evaluated the potential for kleptoparasitic interactions between these two species by estimating how 
overlap between the species range changed through time. We also discuss the implications of jackal expansion for the threatened lynx 
populations in Europe and how the presence of grey wolves (Canis lupus) could modulate this interaction. 

2. Methods 

The surveillance of lynx kill sites was conducted in the Northern Dinaric Mountain Range in Slovenia (45̊25’–45̊47’N, 
14̊15’–14̊50’E) dominated by mixed temperate forests. The two observations further detailed here were recorded in the north-western 
part of the Dinaric Mountains at the foothills of Javorniki Mountains and on the edge of Menišija plateau. Lynx in this region belong to 
the Dinaric population, which is currently regarded as one of the most endangered lynx populations in Europe (Krofel and Jerina, 
2016). Dinaric lynx mainly hunt wild ungulates, which represent 88% of biomass consumed by lynx, with roe deer (Capreolus cap-
reolus) being the main prey species (Krofel et al., 2011). Besides lynx, brown bears and grey wolves are present in the area, as well as 
several species of smaller carnivores (Fležar et al., 2019). 

To locate lynx kill sites and monitor prey consumption, we used a combination of GPS telemetry, field-checking GPS location 
clusters and remote video surveillance of the kill sites (for details on these methodologies see Krofel et al., 2013, 2019). Lynx equipped 
with GPS telemetry collars (Vectronic Aerospace GmbH, Germany) included animals from the remnant Dinaric population, as well as 
several lynx translocated from the Carpathian Mountains for genetic rescue of the Dinaric population (Fležar et al., 2022). The kill sites 
were monitored with camera traps (Reconyx XR6 Ultrafire and Moultrie M40-i) with black-IR reflector, programmed to trigger when 
movement was detected and to record 30-seconds videos in continuous mode. In most cases two camera traps were set per kill site. 

To assess the potential for jackal-lynx interactions in Europe and how this changed in time, we collected distribution data for jackal 
and lynx from the literature and separated the data into three periods: (1) 1950–1970, representing the period when lynx populations 
were around the historic minimum and when jackal expansion was in the early phase, (2) 2000–2011, when several lynx populations 
recovered or were reintroduced and when jackal populations were rapidly expanding in south-eastern Europe, and (3) current dis-
tribution (2012–2018), representing the period when several of the lynx populations continued to recover, while others declined or 

Table 1 
Eurasian lynx (Lynx lynx) and golden jackal (Canis aureus) distribution range and their overlap in proportion to lynx distribution range in Central and 
Southern Europe during three time periods. The range reported for the second and third period refers to different estimates of lynx distribution (lower 
number for permanent occurrence only and higher number for permanent and sporadic occurrences). See Fig. 2 for data sources and countries 
included.  

Period Eurasian lynx (km2) Golden jackal (km2) Overlap (km2) Overlap (%) 

1950–1970 100,633 117,636 18 0.02 
2000–2011 175,244–276,608 326,427 3548–9995 1.28–3.61 
2012–2018 280,559–291,658 499,458 37,631–37,831 12.90–12.97  
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stabilized, and jackal populations approached saturation in some parts of south-eastern Europe and continued to expand elsewhere in 
Europe. For the jackal distribution in the first and second period we used data compiled by Krofel et al. (2017) and, for the third period, 
by Ranc et al. (2018). For the lynx distribution during the first two periods we used data compiled by Chapron et al. (2014) and, for the 
third period, data from Kaczensky et al. (2021). According to available data, we separated between the permanent and sporadic 
occurrence of lynx for the second and the third period. We used QGIS v3.4.3 (QGIS Development Team, 2018) to estimate the total 
distribution range of both species in continental Europe (i.e. without British islands, Fennoscandia and the Baltics) for each of the three 
periods mentioned above, as well as % of lynx range that overlap with the jackal range (Table 1). 

3. Results 

3.1. Video surveillance of jackals scavenging on lynx kills 

We deployed camera traps on 65 lynx kill sites in 2006–2021 (on average 4 kill sites per year; range: 0–26), and detected presence 
of jackal groups at two of them (3% of all kills surveilled). Both cases of prey remains scavenged by jackals were located at the pe-
riphery of the lynx home ranges and occurred during the last two years of the study (i.e. 2020 and 2021). 

On 24.1.2020 we found a male adult roe deer carcass killed by lynx in a hornbeam-ash tree forest stand at the foothills of Javorniki 
Mountains. At the time of the discovery (3 days after the predation event), 70% of the roe deer was already consumed. Fifty meters 
away we found another completely consumed roe deer carcass. We set camera trap on the fresh carcass and surveilled it for 3.5 days, 
until camera failure. While lynx was not detected to return to feed on the prey, four scavenger species were recorded: two common 
buzzards (Buteo buteo), two ravens (Corvus corax), a red fox (Vulpes vulpes), and a pair of jackals. Avian scavengers were feeding on the 
carcass during the daytime, while both canid species visited the carcass during the night. The two jackals were recorded at the carcass 
for 5 min, during which they were alternatively consuming prey remains and looking around (Fig. 1). Unfortunately, the camera trap 
failed while jackals were still feeding on the carcass, therefore the full length of the jackal use of the carcass, as well as potential return 
of the lynx or other scavengers, remains unknown. 

On 28.10.2021, we found a 3-day old adult female roe deer carcass killed by lynx, near the edge of a high karstic plateau Menǐsija at 
the spruce-forest edge. At the time of the field visit, around third of the carcass was already consumed. The camera traps surveilled the 
kill for 9 days and recorded four scavenger species: red fox, badger (Meles meles), stone marten (Martes foina), and two jackals. Jackals 
visited the carcass on two consecutive nights. First, only one animal was recorded while two individuals were recorded on the second 

Fig. 1. Still photographs from videos showing golden jackals scavenging on prey remains of Eurasian lynx at the foothills of Javorniki Mountains 
(above) and on the edge of Menǐsija plateau (below) in Dinaric Mountains, Slovenia. 
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visit (Fig. 1). 

3.2. Overlap in lynx and jackal distribution range in Europe 

Historically, jackal distribution was mainly limited to islands and coastal regions of southeastern Europe (Krofel et al., 2017) and 
therefore contact with lynx was likely minimal or non-existent. The situation remained similar until the mid-20th century, when jackal 
expansion mostly took place in areas without lynx (species overlap <0.1%; Fig. 2a, Table 1). In the next decades and especially after 
2011, the overlap increased, as jackal distribution rapidly expanded and several lynx populations were reintroduced or recovered 
(Fig. 2b, Table 1). The current distribution data suggests that approximately 13% of lynx distribution range in Central and Southern 
Europe is already colonized by jackals, with vast majority linked to the Dinaric, Balkan and Carpathian lynx populations (Fig. 2c, 
Table 1). 

4. Discussion 

We explored the so-far unstudied role of jackal as a kleptoparasite in Europe and recorded the first cases of scavenging on prey 
remains of lynx. Although it could not be established whether the lynx abandoned these kills before the arrival of jackals or if 
abandonment could be connected with jackal presence, our observations confirm the potential impact that expansion of this meso-
carnivore could have on apex carnivores through kleptoparasitic interactions. Such changes in carnivore assemblages are mostly 
associated with invasive alien species (e.g. domestic cats; Davis, 2009), since ranges of native carnivores rarely expand at the scale 
observed in the case of jackal in Europe. This represents a rare opportunity to study the impacts that changes in the distribution of 
native carnivores can have on local fauna. 

Although we recorded jackals scavenging in relatively small proportion of lynx kills, it is noteworthy that both cases occurred in the 
last two years of the 16-year surveillance of lynx kill sites, while no such records were noted in the past. This concurs with the data 
obtained during the lynx camera-trapping surveys in Slovenia (Fležar et al., 2022), which showed increasing number of jackal records 
inside the lynx range in the last years (i.e. since 2019; Fležar et al., unpublished data). 

Review of historic distribution ranges of jackal and lynx suggests that in Europe these two species were most likely not interacting 
in the past. However, in the last two decades and especially since 2011, trends in distribution patterns showed that the overlap between 
them is increasing rapidly, mainly due to extensive expansion of jackal populations, but also due to recovery of lynx in some parts of 
Europe (Fig. 2). Currently, most of the overlap is observed in three lynx populations, among which two (Balkan and Dinaric) are 
considered as highly threatened (Melovski et al., 2015; Krofel and Jerina, 2016). 

Although little is known about the potential consequences of jackal kleptoparasitism on lynx and how successfully lynx could 
defend prey remains from jackals, previous research has shown vulnerability of this felid to several scavengers (e.g. lynx lost 15% and 
25% of all edible biomass to brown bears and wild boar, respectively; Krofel et al., 2012; Duľa and Krofel, 2020). Besides, jackals are 
known to be able to attain high densities (up to 5 territorial groups/10 km2) and form large groups (up to 20 individuals/group) in 
suitable conditions (Macdonald, 1979; Giannatos et al., 2005). Even if lynx can successfully defend their kills in direct confrontations 
with jackals, this is unlikely to completely prevent kleptoparasitism, as indicated by interactions with other smaller scavengers. For 
example, competitively-inferior red foxes regularly scavenge on lynx prey remains, despite the risk of being killed by the lynx (Krofel 
et al., 2019). What remains unknown in this context is the extent to which jackals could suppress foxes and therefore their impact on 
lynx, which might to some degree offset the losses from kleptoparasitism by jackals. Important to consider is also the time needed for 

Fig. 2. : Distribution of Eurasian lynx (sporadic: light green; permanent: dark green) and golden jackal (yellow) and their overlap (jackal-sporadic 
lynx: light red; jackal-permanent lynx: dark red) in Central and Southern Europe (countries not included are marked with grey) during the three time 
periods: (a) 1950–1970, (b) 2000–2011, and (c) 2012–2018. Arrow on (c) indicates study area in Slovenia. 
Distribution data sources: Chapron et al. (2014), Krofel et al. (2017), Ranc et al. (2018) and Kaczensky et al. (2021). 

M. Krofel et al.                                                                                                                                                                                                         



Global Ecology and Conservation 36 (2022) e02116

5

jackals to find lynx kills, as the losses are generally much higher when a kleptoparasite finds prey remains in the early phases of 
consumption (Krofel and Kos, 2010). On the other hand, if the prey remains are found after most of the meat has already been eaten, 
impact of scavenging might be limited, because jackals will be mostly eating parts rarely used by lynx (e.g. head, skin and digestive 
tract). 

These uncertainties call for further research on this novel interaction among lynx and jackals, especially since projections indicate 
that vast areas of Europe could become colonized by jackals in the near future (Ranc et al., 2018) and bring this opportunistic 
scavenger into contact with other lynx populations across Europe. The risk of jackal kleptoparasitism could, however, be reduced 
through interaction with another European apex carnivore, i.e. the grey wolf. Persistence and abundance of jackals can be substantially 
suppressed by top-down control from grey wolf (Krofel et al., 2017; Newsome et al., 2017; Ranc et al., 2018) and the current dis-
tribution of this apex predator overlaps with most of lynx populations in Europe (Kaczensky et al., 2021). Although sympatric wolves 
and lynx often compete for the same prey, previous studies did not show negative effects of wolves on lynx or interspecific avoidance 
(Schmidt et al., 2009; Wikenros et al., 2010) and wolves rarely scavenge on lynx kills (wolves were recorded at only 1% of lynx kills in 
our study area; Krofel et al., 2012). Therefore, it could be possible that the protection from jackal kleptoparasitism provided by wolves 
to lynx might eventually outweigh the costs of wolf-lynx competition. 

However, with jackal numbers increasing across Europe, including their colonization of parts of wolf distribution range, especially 
at its periphery, we can expect increasing contact with lynx populations. This appears to concur with data presented here, as both 
detected cases of jackal scavenging on lynx kills occurred on the periphery of lynx home ranges, which coincides with the periphery of 
wolf territories in this region (Krofel et al., 2017; Ražen et al., 2020). On the other hand, we did not detect jackals on any of the lynx 
kills located within the core areas of wolf territories. 

The new addition to the carnivore guild of Dinaric forests and other ecosystems across Europe caused by jackal expansion opens 
numerous questions and conservation concerns that are typically limited to invasive alien species. Our study provides one of the first 
empirical evidence of the impact that jackal colonization can cause, although its importance in the future is difficult to predict. 
Therefore, we recommend further research on the impact of jackals on lynx and other large predators, as well as on several scavengers 
that compete with jackals for animal carcasses. Data presented here indicate several potential direct and indirect interactions con-
nected with arrival of jackals. These offer opportunities to study complex interspecific relationships within carnivore guilds and 
provide researches, as well as conservationists, with crucial insights into dynamic systems perturbed by human-caused or natural 
changes in animal assemblages. 
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