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Abstract
In south-western Germany, a territorial single male golden jackal (Canis aureus) was repeatedly photographed showing 
social interaction with a red fox (Vulpes vulpes) female and her cubs. This unusual behaviour was documented in two sub-
sequent years (August–September 2020 and May–August 2021). The interspecific actions are not limited to encounters of 
the two species but include interactions such as feeding and related sociopositive behaviours. Thirty-two observations with 
both species appearing together were recorded within the study period. The observed behaviour raises questions about the 
coexistence of both species and on interspecific behaviour of wild canids in general. Social isolation of the observed male 
golden jackal could be one of the potential drivers for the interaction, as Germany is at the current edge of golden jackal 
distribution in central Europe.
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Introduction

Despite the scientific interest in interspecific canid interac-
tions, little is known about interspecific cooperative behav-
iour in canids. Reports on cooperation or other positive 

social behaviour between canid species from different gen-
era are mostly anecdotal. Mixed species groups, which are 
common in other mammals, are only rarely observed in car-
nivores (Dinets & Eligulashvili 2016; Stensland et al. 2003). 
Ghaskadbi et al. (2021) observed a single male wolf (Canis 
lupus pallipes) together with a pack of dholes (Cuon alpi-
nus). Advantages in foraging and anti-predator behaviour 
are considered possible explanations for such mixed species 
groups (Ghaskadbi et al. 2021; Stensland et al 2003).

Canids are known to form various systems of social 
organisation (Bekoff et al. 1981; Macdonald et al. 2019). 
Golden jackal (Canis aureus) and red fox (Vulpes vulpes) 
can be grouped in different types of social organization and 
can have a flexible social system (Cavallini 1996; Dorning 
& Harris 2019). Red foxes can live in single pair forma-
tions with offspring dispersing in the year of birth or form 
larger philopatric family groups. The latter is only observed 
occasionally and seems to be linked to different factors 
such as resource availability (Baker et al. 1998). Depending 
on density effects, group composition can also consist of 
non-related individuals due to, e.g., extraterritorial mating 
events or polygynous group reproduction (Iossa et al. 2008). 
Golden jackals in Europe usually live in family groups com-
parable to packs of related species, such as wolves (Pecorella 
et al. 2023). A pair of adult golden jackals marks its territory 
and raises its cubs together, which commonly stay in the 
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parental territory until sexual maturity (Macdonald 1979; 
Demeter & Spassov 1993). Dispersing golden jackals can 
cover great distances to find a partner or a territory (Rut-
kowski et al. 2015; Lanszki et al. 2018).

Thus, both species, the red fox and the golden jackal, 
are capable of forming various forms of intraspecific social 
bonds. However, neither species is currently known to 
establish social coalitions with interspecific partners. Cur-
rent studies describe an antagonistic biology between red 
foxes and golden jackals (Scheinin et al. 2006; Lanszki et al. 
2006; Torretta et al. 2021). Most research about interactions 
between red foxes and golden jackals prove or assume com-
petition, a negative top-down effect, and show an increased 
vigilance in red foxes where golden jackals are present (Lov-
eridge and Macdonald 2002; Scheinin et al. 2006, Torretta 
et al. 2021). No publications are known to the authors which 
described a sociopositive interaction between golden jackals 
and red foxes.

In Germany and all other neighbouring countries, golden 
jackal presence is increasingly registered after this species 
never existed in central European regions before (Arnold 
et al. 2012; Krofel et al. 2017; Hatlauf et al. 2021a, b). 
Since the first evidence of a golden jackal in Germany in 
1997 (Möckel & Podany 2015), 360 confirmed signs and 
observations have been documented nationwide until March 
1st, 2023 (author unpublished data) (Table 1, ESM). In two 
areas of southern Germany, Baden-Württemberg (rural dis-
tricts Schwarzwald-Baar/Tuttlingen and Ravensburg), 258 
out of all proofs were recorded and refer to a few territorial 
golden jackals (Böcker et al. 2020; Tillmann 2020; Hatlauf 
& Böcker 2022; author unpublished data).

The original aim of this study was to monitor a resident, 
single male golden jackal in Baden-Württemberg by cam-
era traps and active searches for genetical samples using a 
trained scat detection dog (c.f. Hatlauf et al. 2020) to gain 
genetic information on the present individual. Based on 
our first observations, we aimed to explore the interspecific 
behaviour between this golden jackal and present red foxes.

Material and methods

Study area

The study area “Wurzacher Ried” is situated in the district 
of Ravensburg, an upland moor with a size of almost 700 ha, 
which is the heart of a protected area of the total size of 
1.812 ha and part of the Natura 2000 network (ESM Fig. 1). 
Other present species are roe deer (Capreolus capreolus), 
wild boar (Sus scrofa), brown hare (Lepus europaeus), 
badger (Meles meles), marten (Martes sp.), small mam-
mals, birds, amphibians, and reptiles. In total, the area is 

encompassing 1.700 animal and 800 plant species (Lin-
deroth et al. 2020).

All registered evidence was assessed and categorised 
referring to “Recommendations for the documentation 
and assessment of golden jackal (Canis aureus) records in 
Europe” (Hatlauf & Böcker 2022). To describe the following 
observations, only evidence with C1-assessment was taken 
into account.

Camera traps and picture classification

A single golden jackal was spotted in the study area by an 
ornithologist in May 2020. Subsequently, eight infrared cam-
era traps (Bushnell CoreCam and Cuddeback C-series) were 
set up in an area of approximately 0.35  km2. Cameras were 
installed at trees located close to wildlife tracks. As there 
was only one location where interactions of golden jackal 
and red fox could be documented, additional camera traps 
were installed at this specific location. This area was located 
in a small forested area (< 1 ha) directly adjacent to the bog. 
A maximum of four camera traps with a maximum distance 
of 30 m were active at this location in summer 2021.

The cameras were set to take pictures without delay and a 
series of 3–5 pictures for every registered movement. During 
some periods, single cameras were set on video recording. 
Events were distinguished from each other if there was a 
time delay of > 60 s between pictures of one triggered series 
to the next. The cameras were checked regularly every 4 to 
8 weeks. No bait was used at camera trap locations.

The observed behaviour was categorised (Table 3; (ESM 
Table 2)). The described behaviours always refer to the 
golden jackal and at least one red fox. In some cases, other 
red foxes can show different behaviours in the same event.

Scat detection and bioacoustic monitoring

To gain further individual information on the golden jackal, 
a trained scat detection dog (Hatlauf et al. 2020) was used 
to search for scat and receive the golden jackals’ genetic 
identification. Furthermore, bioacoustic monitoring (BAM; 
Giannatos et al. 2005; Hatlauf & Hackländer 2016) was used 
at two different spots a few hundred metres from the cam-
era traps. BAM was used on 3 days in total (03/06/2020, 
27/08/2020, 04/02/2021) with 3 to 4 repetitions per spot.

Genetic analysis

Following DNA extraction, an initial species determina-
tion was performed using the hypervariable domain of the 
mitochondrial control region (D-loop). In confirmed golden 
jackal samples, we amplified 13 unlinked autosomal micros-
atellite loci as well as two sex markers for individualization 
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and sex determination (see Hatlauf et al. 2021a, b for more 
details).

Results

From June 2020 on, a single golden jackal was documented 
regularly by different camera traps in the area. The greatest 
distance between two of those cameras was approx. 1 km. 
Due to the given circumstances, it is assumed that there 
was only one individual present in the study area in the 
years 2020–2022. In 2020, a total of 26 camera trap picture 
series of the single golden jackal were recorded of which 
four also show red foxes (one adult and cubs), displaying 
diverse behaviours with differing frequencies (Table 1). The 
first pictures and videos showing the golden jackal with red 
fox cubs were taken on 09/08/2020 (see ESM, picture 2). 
The individuals show relaxed behaviour which we assume 
is indicating familiarity. Similar behaviour could again be 
documented again 5 days later and subsequently in Septem-
ber 2020.

In 2021, 93 camera trap series were recorded showing 
the golden jackal, of which 28 also show red foxes. The first 
pictures showing red fox and golden jackal interaction in this 
year were taken on 28/05/2021. The pictures show an inter-
action between a red fox female, her cubs, and the golden 
jackal. Another picture series shows the golden jackal regur-
gitating food and providing it to one of the red fox cubs (see 
ESM, picture 3).

In total, the cameras recorded 32 C1 events (c.f. Hatlauf 
& Böcker 2022) containing 358 pictures showing the pres-
ence of up to four red foxes and the single golden jackal 
together. All events showing the golden jackal and red foxes 
originated from a single location that was covered by 1–4 
camera traps (distance 2–30 m between cameras). The docu-
mented behaviour of the red foxes and the golden jackal 
was in both years social. Besides the C1-evidence described 
above, there have been additional C3 evidence that were not 
taken into account for this study due to insufficient quality 
(74 golden jackal C3 in 2021 of which 8 probably show also 
at least one red fox).

Five scat samples were found while searching with a 
trained scat detection dog on three occasions (03/06/2020, 
27/08/2020, 06/09/2021). Genetic analysis revealed that four 
of these samples were golden jackal and one red fox. Two 
of the four samples could be linked to a male golden jackal 
which was given the genotype code GG008m (03/06/2020, 
06/09/2021). This individual had not been recorded before, 
and its origin is unknown. The quality of the two remain-
ing samples was not sufficient for individual identification 
(28/08/2020, 06/09/2021). Meanwhile, no other golden 
jackal could be recorded in the study area or close surround-
ings. The closest known territorial golden jackals in 2020 
and 2021 were located in Austria and Italy (Hatlauf, personal 
communication; Lapini et al. 2022).

The bioacoustic monitoring at all calling stations was 
negative (no answer from a golden jackal to a playback of a 
golden jackal howling) (Figs. 1 and 2).

Table 1  Observed behaviour of red foxes and a golden jackal in 2020 and 2021 (only C1-camera events)

Category/behaviour Count Dates

Golden jackal regurgitating 1 19/06/21
Contact 10 10/06/21, 10/06/21, 11/06/21, 11/06/21, 15/06/21, 21/06/21, 25/06/21, 26/06/21, 29/06/21, 04/07/21
Red fox following golden jackal 8 14/08/20, 28/05/21, 13/06/21, 19/06/21, 25/06/21, 02/07/21, 04/07/21, 04/07/21
Golden jackal following red fox 9 09/08/20, 02/09/20, 14/09/20, 13/06/21, 13/06/21, 23/06/21, 02/07/21, 08/08/21, 30/08/21
Indefinite 4 06/06/21, 11/06/21, 19/06/21, 29/06/21

Fig. 1  A golden jackal interact-
ing with a female red fox and 
two playing red fox cubs (from 
right to left) (11/06/2021)
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Discussion

In the study area, social interactions of red foxes and a 
single golden jackal were observed repeatedly in two fol-
lowing years. Documented observations of mixed canid 
species groups are rare and often anecdotal. These records 
provide new questions regarding interspecific behaviour 
of wild canids and the effects of ongoing golden jackal 
distribution in Central Europe. To address these ques-
tions, the current state of research concerning interspecific 
behaviour as well as the general biological and behavioural 
background of both species should be considered. To the 
authors’ knowledge, this is the first record of a socio-
positive behaviour between golden jackals and red foxes, 
which are commonly regarded as competitive species 
(Lanszki et al. 2006; Torretta et al. 2021). Coincidence 
is considered to be unlikely, due to the repeated occur-
rence of similar behaviour. The observation raises several 
questions concerning interspecific behaviour on multiple 
scales. It is important to consider the fact that the golden 
jackal observed here is a single male individual isolated 
from other golden jackals. Thus, isolation from other ter-
ritorial golden jackals could be a driver for interaction and 
social bonding with another species. Red foxes generally 
show a similar social behaviour and might therefore be an 
attractive alternative for golden jackals in situations where 
there is a lack of conspecifics. We assume that the golden 
jackal in this case benefits from the red foxes’ company 
in a psychological way, fulfilling the basic social needs of 
the individual (comparing to wolf and dholes, Ghaskadbi 
et al. 2021). On the other hand, the benefits for the red 
fox female and her cubs seem easier to comprehend. The 
golden jackal as being the larger species is probably hav-
ing an indirect effect, shown as a deterring or maybe even 
defensive effect on possible competitors for food and for 
securing protected space for rearing the cubs. Similarly, 
foraging advantages and predator avoidance are also 

considered to explain mixed species groups in other mam-
mals (Stensland et al. 2003). Moreover, observations also 
indicate that the golden jackal might play an active role in 
raising the cubs which can be interpreted as a direct posi-
tive effect for the survival of the red fox cubs. The situa-
tion observed brings up the question of interspecific repro-
duction. According to the state of knowledge, reproduction 
of golden jackals and red foxes is not naturally possible 
due to their different amount of chromosomes (Wurster & 
Benirschke 1968). Even though hybrids of mammal spe-
cies with different amounts of chromosomes are known in 
some cases (e.g., mules as offspring of donkey and horse, 
Gabryś et al. 2021), the morphology of the fox cubs in this 
study clearly indicates that they are no hybrids.

Interspecific relationships between the two species 
should be considered a possible scenario at the edge of 
the golden jackal’s distribution range. The fact that golden 
jackal and red fox coexistence is well possible on an indi-
vidual scale should also be kept in mind when planning 
further research about interspecific behaviour of these two 
interguild species. More research is necessary to under-
stand potential underlying general mechanisms beyond 
individuality. In a comparable situation, where single 
golden jackals meet other relatives of the genus Canis, 
hybridization should also be taken into account as a pos-
sible scenario (Moura et al. 2014; Galov et al. 2015). Fur-
ther research on such interspecific relationships at the edge 
of one species’ distribution range is necessary in order to 
figure out whether the observed situation is an individual 
or a common occurrence. Telemetry studies and long-term 
monitoring could be implemented to help answering these 
questions.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13364- 024- 00737-2.
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