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Research Article

Preliminary Evidence of Hybridisation Between Golden
Jackals and Dogs in the Malabar Region of Kerala, India:
Insights from Mitochondrial DNA and Morphology

Abstract

Hybridisation between wild and domestic canids presents an increasing conservation
concern, particularly in areas where human activities facilitate contact between
species. This study investigates hybridisation between golden jackals (Canis aureus)
and dogs (Canis lupus familiaris) in the Malabar region of Kerala, India. Suspected
hybrids were initially identified through intermediate morphological traits,
including coat colour, ear shape, and tail morphology. Mitochondrial DNA analysis
of D-loop sequences from blood, stool, and tissue samples further supported these
findings. Phylogenetic reconstruction using the maximum likelihood and Bayesian
methods revealed that putative hybrids clustered with golden jackals in a distinct
clade. A median-joining haplotype network showed shared haplotypes between
hybrids and jackals, confirming maternal lineage from jackals. The presence of hybrids
raises critical conservation concerns, potentially threatening the genetic integrity
and ecological roles of jackals. In the future, continued genetic monitoring combined
with the inclusion of additional nuclear markers will be essential for understanding
hybridization dynamics and informing effective conservation and management
strategies.

Keywords: Canid hybrids, dogs, golden jackal, hybridisation, mitochondrial DNA,
phylogenetics

Introduction

Human-wildlife interactions are increasing globally due to expanding human
populations and habitat encroachment, often leading to heightened interactions
between wild and domesticated animals (Hindrikson et al, 2012). Among these,
free-ranging dogs (Canis lupus familiaris) pose a significant ecological threat
through direct predation, competition, and scavenging (Vanak & Gompper, 2009).
Additionally, stray dogs are known vectors of several zoonotic and epizootic diseases,
including rabies (Hueffer & Murphy, 2018), canine distemper (Deem et al., 2000),
and canine parvovirus (Nandi & Kumar, 2010). Beyond these direct impacts,
hybridisation between domestic dogs and wild canids presents a critical conservation
concern, as it can lead to genetic introgression, reduced fitness, and loss of unique
evolutionary lineages (Randi, 2008; Wegner & Eizaguirre, 2012).

The Indian or golden jackal (Canis aureus), is a small, canid distributed widely across
the Indian subcontinent. It exhibits dusky yellowish or rufous-grey fur mottled with
black, grey, and brown hairs, brownish-yellow underfur, a reddish-brown tail with a
dark tuft, and rufous-coloured limbs and muzzle (Vattakaven et al,, 2016). The Indian
Pariah dog (Canis lupus familiaris), also known as the Desi Dog, INDog, or Pye-Dog, is
an ancient breed native to the region. These dogs are distinguished by their erect ears,
wedge-shaped head, curled tail, and short, variably coloured coat (Samir & Alsad,
2023).

Hybridisation between wild canids and dogs has been well documented in different
regions. Cases include crosses between dogs and Ethiopian wolves (Canis simensis)
in the Ethiopian highlands (Gottelli et al.,, 1994), grey wolves in the Indian savannahs
(Tyagi et al,, 2023), and Italian wolves in Europe (Randi et al, 2000; Randi, 2008).
Similar hybridisation events have been recorded in Croatia (Kusak et al, 2018),
Estonia and Latvia (Hindrikson et al., 2012), and even between Pampas foxes and dogs
in South America (Szynwelski et al, 2023). Golden jackal-dog hybrids have recently
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been confirmed in Hungary's Carpathian Basin (Ninausz et al,
2023) and in Croatia (Galov et al, 2015), yet no such hybrids
have been scientifically documented in India to date.

Although unverified sightings and anecdotal accounts suggest
the presence of jackal-dog hybrids in India, there remains a
lack of scientific validation. Given the evolutionary proximity
between jackals and dogs, the potential for hybridisation is
plausible and warrants formal investigation (Shameer et al,
2022). This study was therefore undertaken to identify and
characterise putative golden jackal-dog hybrids along the
Malabar Coast of Kerala, India.

Materials and Methods

The study was approved by the Kerala Forests and Wildlife
Department, Government of Kerala as per the order
KFDHQ/1261/2024-CWW/WL10 dated 19.03.2024 of the
Principal Chief Conservator of Forests (Wildlife) and Chief
Wildlife Warden, Kerala. The study locations included the
districts of Kannur, Kozhikode, and Malappuram in Kerala,
along the Malabar Coast of southern India. This region, situated
between the Arabian Sea and the Western Ghats, features a
humid tropical monsoon climate, characterised by long rainy
seasons, hot to warm summers, and mild, short winters.
The area's diverse ecosystems including coastal plains,
agricultural landscapes, and fragmented forest patches provided
an ideal setting for investigating golden jackals (Canis aureus),
free-ranging dogs (Canis lupus familiaris), and their potential
hybrids. The primary aim was to identify and map suspected
jackal-dog hybrid zones using a citizen science approach.
Observational sampling was employed during peak activity
periods: early morning (05:00-10:00), midday (11:00-14:00),

@ Sampling areas
Study_area

and late evening (15:00-20:00), across the years 2022 to 2024.
Field surveys focused on documenting animal morphology,
resting sites, suspected hybrid individuals and pack size.

The locations of jackal packs were first identified through
systematic field surveys. Suspected hybrids were then
identified based on distinct morphological characteristics such
as coat colour, tail length morphology and ear shape. Data were
collected from citizen scientists, including local photographers,
birdwatchers, and members of nearby communities. Awareness
posters featuring images of suspected hybrid individuals
were distributed to aid in identification and encourage public
engagement. This effort resulted in the identification of 18
locations in the study area. Each site was validated through
photographic submissions, phone interviews, site visits, and
extended field observations. A detailed map of these sampling
sites was created using QGIS version 3.38.1. The sampling
locations are illustrated in Figure 1.

The morphological identification of putative golden jackal-dog
hybrids was carried out based on diagnostic features reported
in previous studies (Table 1). For the identification of putative
hybrids based on morphology, we considered external
characteristics such as coat colour, digital pads, ears, dewclaws,
and tails. For body structure, the traits like robust body, coat
colour, ear shape (pointed or rounded) and bushy tail were
considered.

For the molecular genetic analysis, eight samples were utilised,
comprising three golden jackals, three putative hybrids, and two
dogs. Blood samples from dogs were collected during routine
health examinations, and genomic DNA was extracted using the
Wizard® Genomic DNA Purification Kit (Cat# A1120, Promega,
USA). Faecal samples from suspected hybrids were preserved

Figure 1: Study area representing the site locations of the genetic samples collected for the study.
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Table 1. Morphological comparison of golden jackals, dogs, and putative hybrids based on external characteristics used in this study for hybrid
identification.

Sl. No. Characteristics Golden Jackals Dogs Hybrids
Have dusky yellowish or rufous grey L i
fur with mottled black, grey, and brown A short variably coloured Female having llght coat co
1. Coat . : . lour and Male having black
hairs, brownish-yellow underfur, yellow-  coat (Samir & Alsad, 2023) coat (Galov et al, 2015)
ish-grey lower (Vattakaven et al.,, 2016) N
2 Diital pad Middle fingers partially joined (Galov et E;Iglzilsr;?gizith:rﬁﬁdle Digital pad depigmentation
: stalp al, 2015) [ns P y (Galov et al.,, 2015)
joined
. Erect ears (Samir & Alsad, . .
3 Ears ;l(l)(;l;t)er triangle-shaped (Galov et al,, 2023)longearswithrounded %((});11% 3&;rtsa\;v1‘;}:);%3mded tip
’ tip (Galov et al, 2015) v
S Dewclaws on the hindleg  Dewclaws on the hind leg
4. Dewclaws Dewclaws are absent on the hind limbs (Galov et al,, 2015) (Galov et al,, 2015)
5 Tail Shorter, thicker (Galov et al.,, 2015) and A curved tail (Samir & Shorter and thicker (Galov

bushy (Negi, 2014)

Alsad, 2023) etal, 2015)

in Longmire buffer (Longmire et al, 1997) and stored at room
temperature until further processing. DNA from these samples
was extracted using the QIAamp Fast DNA Stool Mini Kit (Cat#
51604, Qiagen, India). Muscle tissue samples from golden jackals
were collected during postmortem examinations, and DNA
was extracted using DNAiso Reagent (Cat# 9770A, DSS Takara
Bio, India). All extractions were carried out according to the
respective manufacturers’ protocols.

The concentration and purity of the extracted genomic DNA
were assessed using a NanoDrop 2000C spectrophotometer
(Thermo Fisher Scientific, USA). A 550 bp fragment of the
mitochondrial hypervariable control region was amplified by PCR
usingprimersL-Pro:5'-CGTCAGTCTCACCATCAACCCCCAAAGC-3'
and H576: 5'- TTTGACTGCATTAGGGCCGCGACGG-3',
as previously described (Douzery and Randi, 1997; Randi et
al, 2000; Galov et al, 2015). PCR reactions were conducted
in a 25 pL volume using EmeraldAmp GT Master Mix (Cat#
RR310A, DSS Takara Bio, India). The thermal profile included
an initial denaturation at 95 °C for 15 minutes, followed by 35
cycles of denaturation at 94 °C for 40 seconds, annealing at 60 °C
for 50 seconds, and extension at 72 °C for 1 minute, with a final
extension at 72 °C for 10 minutes. The amplified PCR products
were visualiszed on a 1.8% agarose gel under a model UV
transilluminator (Syngene Inc., USA).

Bands were purified using the GenElute™ Gel Extraction Kit
(Cat# NA1111, Sigma-Aldrich, USA). Purified amplicons were
sequenced using an automated Sanger dideoxy sequencing
system. Resulting chromatograms were visualised and
analysed using FinchTV v1.4.0 (https://digitalworldbiology.
com/FinchTV). Final sequences were submitted to GenBank.

Multiple sequence alignment was performed using MAFFT v7
(Katoh & Standley, 2013), employing the L-INS-i algorithm for
enhanced accuracy. Phylogenetic relationships were inferred
using the maximum likelihood (ML) method implemented in
IQ-TREE 2 (Minh et al, 2020) and Bayesian inference method
in MrBayes 3.2.7 (Huelsenbeck et al,, 2001). A median-joining
haplotype network was constructed using PopART v1.7 (Leigh
& Bryant, 2015).

Results and Discussion

Morphological analysis provided compelling evidence of
hybridisation between golden jackals (Canis aureus) and
dogs (Canis lupus familiaris). The suspected hybrids exhibited
intermediate physical traits, particularly in coat colour, ear
shape, and tail morphology, which are indicative of genetic

mixing between jackals and dogs (Galov et al, 2015). These
observations are consistent with reports from Hungary and
Croatia, where morphological markers such as coat colour and
ear morphology have been reliable indicators of hybridisation
(Ninausz et al., 2023; Szynwelski et al., 2023).

Notably, this study documented a wide variety of coat
colouration among hybrids, ranging from light brown and
dark brown to blackish tones which is atypical for pure golden
jackals (Figure 3). Some individuals displayed mixed patterns,
including brownish fur with or without black patches on the
tail tip. Black-coated individuals were particularly common at
certain sites, marking a distinct deviation from typical jackal
colouration. Other anomalies such as leucism, albinism, and
rusty coats observed in isolated populations further support the
potential influence of genetic mixing, although environmental
factors may also play a role (Shameer et al,, 2022; Sanil et al.,
2014).

The ear shape of golden jackals is typically pointed, while their
tails are bushy with a black tip. Among the hybrids, considerable
variability was noted, while some retained the pointed ear
structure of jackals, others had rounded or broader ears
resembling those of dogs. Tail morphology also varied, from
completely black-tipped tails to those lacking black markings,
and tails that were less bushy or more elongated than those of
pure jackals. Some individuals showed tails with only three-
quarters of the tip darkened. Most of the hybrids, with the
exception of a single individual, exhibited a pointed snout
characteristic of golden jackals. In terms of body structure, they
consistently displayed intermediate builds, larger and more
robust than jackals, yet smaller than most dogs. Overall, the
morphological traits documented in this study closely resemble
those described by Galov et al (2015), further supporting
the likelihood of a hybrid origin (Figure 2). Representative
photographs of the putative hybrids are presented in Figure 3.

The phylogenetic analysis was done using maximum likelihood
(ML) and Bayesian methods. For this along with sequences
generated from the current study, mitochondrial D-loop
sequences retrieved from NCBI database were also
utilised. Phylogenetic analysis of mitochondrial D-loop sequences
using the ML method revealed distinct clades corresponding
to golden jackals, wolves (Canis lupus), and dogs (Canis lupus
familiaris), with the red fox (Vulpes vulpes) serving as the
outgroup (Figure 4). The Indian wolf (AY289974.1) and
Himalayan wolf (AY289995.1) were grouped as sister taxa to
dogs, reflecting their shared evolutionary lineage. Golden jackals
clustered with the hybrids, forming a distinct clade with strong
bootstrap support (99%), where all reference and newly
03 10.63033/JWLS.0CBE3270
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A

Figure 2. Comparative photographs of jackal-dog hybrids. Top: Black-coated and brown-coated hybrids reported by Galov et al. (2015).
Bottom: Corresponding black-coated and brown-coated hybrids documented in the present study.

Figure 3. Photographic documentation of putative jackal-dog hybrids observed in the field.
(A) Interaction between a dark brown-coated hybrid and a golden jackal. (B) Interaction between black-coated hybrids and golden jackals.
(C) Black-coated hybrid sub-adult. (D) Light-coated hybrid sub-adult.
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sequenced specimens grouped together. The red fox
(AF338789.2) rooted outside all Canis lineages, supporting
its use as an appropriate outgroup (Figure 4). The Bayesian
phylogeny generated in MrBayes 3.2.7 resolved distinct clades
for dogs and jackals with all hybrid individuals clustering with
the jackal clade with the posterior probability values providing
robust support for the major clades (Figure 5). The results were
in agreement with the ML phylogenetic analysis.

A median-joining haplotype network generated using PopART
v1.7 demonstrated that hybrid sequences shared haplotypes
with golden jackals (Figure 6). The haplotype network showed
distinct clusters corresponding to dog (D) and jackal (])

haplotypes. Hybrid (H) samples were distributed between these
clusters. The results suggest that female jackals mated with
male dogs, a pattern consistent with other canid hybridisation
studies (Galov et al.,, 2015; Stronen et al., 2012), where maternal
inheritance is typically linked to wild species and paternal
inheritance to domestic ones (Gottelli et al., 1994; Lucchini et
al, 2002). However, this study did not analyse nuclear DNA,
leaving the paternal lineage and the full extent of genetic mixing
unresolved. Future studies should incorporate nuclear
markers to better assess hybridisation dynamics, as
recommended in studies of Italian wolves and Ethiopian wolves
(Randi et al, 2000; Freedman et al., 2014).

— AY289974.1_Indian_Wolf

AY289995.1_Himalayan_Wolf

PV388574_D1_Dog
88 AB605582.1_Dog
PV388575_D2_Dog
——————— PV388572_H2_Hybrid
PV388573_H3_Hybrid Said "

PV388569_J2_Golden_Jackal

PV388568_J1_Golden_Jackal

PV388570_J3_Golden_Jackal

PV388571_H1_Hybrid

NC_067757.1_Golden_Jackal
AF184048.1_Golden_Jackal

KT268318.1_Golden_Jackal

005

AF338789.2_Red_Fox

Figure 4: Maximum likelihood (ML) phylogenetic tree based on mitochondrial D-loop sequences showing the relationships among golden jackals

(Canis aureus), dogs (Canis familiaris), putative hybrids, and related canid species. The tree was rooted using the red fox (Vulpes vulpes) as an

outgroup. Bootstrap support values (based on 5000 replicates) are indicated at the nodes. Golden jackals and putative hybrids clustered together in

a distinct clade with strong bootstrap support (99%), suggesting maternal lineage from jackals. Indian and Himalayan wolves grouped with dogs,
consistent with their evolutionary proximity.

PV388574_D1_Dog

PV388575_D2_Dog

AB605582_1_Dog

AY289974_1_Indian_Wolf

AY289995_1_Himalayan_Wolf

— PV388571_H1_Hybrid

PV388572_H2_Hybrid

18 PV388573_H3_Hybrid

PV388568_J1_Golden_Jackal

[ PV388569_J2_Golden_Jackal

PV388570_J3_Golden_Jackal

NC_067757_1_Golden_Jackal

AF184048_1_Golden_Jackal

KT268318_1_Golden_Jackal

AF338789_2_Red_Fox

Figure 5: Phylogenetic tree generated by Bayesian inference method. The Bayesian phylogeny generated in MrBayes 3.2.7 resolved distinct clades for dogs
and jackals. All hybrid individuals clustered with the jackal clade with strong posterior probability values provided robust support for the major clades.
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H2

D1

Figure 6: Median-joining haplotype network constructed using
mitochondrial D-loop sequences from golden jackals (Canis aureus),
dogs (Canis lupus familiaris), and putative hybrids. Each circle
represents a unique haplotype, and the size of the circle is proportional
to the number of individuals sharing that haplotype. The encircled
haplotypes are shared between hybrids and golden jackals.

From a conservation perspective, the presence of golden
jackal-dog hybrids poses significant ecological and
management challenges. Hybridisation with dogs may dilute the
genetic integrity of jackal populations, potentially reducing their
adaptability and resilience (Randi, 2008; Wegner & Eizaguirre,
2012). To mitigate these risks, conservation strategies should
prioritise the protection of golden jackal genetic integrity by
monitoring hybrid occurrences and managing the effects of
hybridisation. Recommended actions include sterilisation
of free-ranging dogs near protected areas, public awareness
campaigns on jackal conservation, and the maintenance of
habitat corridors to reduce hybridisation risks in vulnerable zones.

This study underscores the importance of continued research
into jackal - dog hybridisation. While our findings provide
preliminary evidence for the presence of hybrids between
jackals and dogs in Kerala, in future long-term monitoring and
more comprehensive genetic studies including nuclear DNA
are essential for fully understanding the extent, directionality,
and ecological consequences of hybridisation. Conservation
efforts should focus on preserving the genetic diversity of
golden jackal populations along with addressing the broader
ecological impacts of hybridisation through public engagement,
policy development, and strategic habitat management. The
current study has a limitation of a smaller sample size, absence
of nuclear gene markers like microsatellites, SNPs. Hence, a
larger study incorporating a larger sample size and genotyping
using microsatellites and, SNP markers would provide a robust
and deeper insight into the jackal-dog hybridisation.

HERE.
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