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Abstract
The red fox (Vulpes vulpes) is a medium-sized carnivore that occurs in different regions of Pakistan, however, still 
lacks scientific data on its ecology and distribution. The current study investigated the phylogenetic status and diet 
of the red fox (V.v. griffithii) occurring in Ayubia National Park, Pakistan. Through camera trapping and molecular 
analysis, we confirmed the occurrence of red fox in the study area. Based on mitochondrial cytochrome B (304 bp) 
and limited sampling, nearly all red foxes of Ayubia National Park and surrounding Himalayan ranges fall within 
Holarctic maternal lineage, whereas red foxes found in plains of Pakistan are part of the basal Palearctic maternal 
lineage. Using 32 scats, we found that red fox diet comprises of 80% animal-based prey species (both wild and 
domestic) and 19% plant matter. The wild animal prey species included Cape hare (Lepus capensis) and flying 
squirrel (Pteromyini sp.), which constituted 17% and 15% of diet, respectively. Red foxes infrequently consumed 
House mouse (Mus musculus), Himalayan Palm civet (Paguma larvata) and sheep (Ovis aries), each comprising 
around 6% to 9% of red fox diet. The fox species also scavenged on domestic donkey opportunistically. Based on 
our sampling, our study suggests that the red fox (V.v. griffithii) that occurs in Ayubia National Park and across the 
lesser Himalayan ranges belongs to Holarctic maternal lineage. The study also highlights consumption of plant 
seeds by red foxes, indicating it may play an important ecological role in seed dispersal in Ayubia National Park.

Keywords: phylogenetics, diet, distribution, Vulpes vulpes, red fox, scats.

Resumo
A raposa-vermelha (Vulpes vulpes) é um carnívoro de médio porte que ocorre em diferentes regiões do Paquistão, 
porém ainda carece de dados científicos sobre sua ecologia e distribuição. O presente estudo investigou o status 
filogenético e a dieta da raposa-vermelha (V.v. griffithii) que ocorre no Parque Nacional de Ayubia, Paquistão. Por 
meio de armadilhas fotográficas e análises moleculares, confirmamos a ocorrência de raposa-vermelha na área de 
estudo. Com base no citocromo B mitocondrial (304 bp) e amostragem limitada, quase todas as raposas-vermelhas 
do Parque Nacional de Ayubia e áreas circundantes do Himalaia se enquadram na linhagem materna holártica, 
enquanto as raposas-vermelhas encontradas nas planícies do Paquistão fazem parte da linhagem materna basal 
paleártica. Usando 32 fezes, descobrimos que a dieta da raposa-vermelha compreende 80% de espécies de presas 
de origem animal (selvagens e domésticas) e 19% de matéria vegetal. As espécies de presas de animais selvagens 
incluíram a lebre-do-cabo (Lepus capensis) e o esquilo-voador (Pteromyini sp.), que constituíram 17% e 15% da dieta, 
respectivamente. As raposas-vermelhas consumiam raramente ratos domésticos (Mus musculus), algas do Himalaia 
(Paguma larvata) e ovelhas (Ovis aries), cada um compreendendo cerca de 6% a 9% da dieta da raposa‑vermelha. 
A espécie de raposa também se alimentava de burros domésticos de forma oportunista. Com base em nossa 
amostragem, nosso estudo sugere que a raposa-vermelha (V.v. griffithii) que ocorre no Parque Nacional de Ayubia 
e nas cordilheiras menores do Himalaia pertence à linhagem materna holártica. O estudo também destaca o 
consumo de sementes de plantas por raposas-vermelhas, indicando que pode desempenhar um papel ecológico 
importante na dispersão de sementes no Parque Nacional de Ayubia.

Palavras-chave: filogenética, dieta, distribuição, Vulpes vulpes, raposa-vermelha, fezes.
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which includes invertebrates, small mammals, birds, 
fishes, fruits and carrion (Osborn and Helmy, 1980; 
MacDonald, 1981; Jędrzejewski and Jędrzejewska, 1992; 
Dell’Arte  et  al., 2007). However, its diet composition 
may vary depending upon various factors like habitat 
type (Hartova-Nentvichova et al., 2010), prey availability 
(Leckie et al., 1998; Sidorovich et al., 2006) and seasonal 
variation in food availability (Baltrunaite, 2001, 2002). 
In areas near human habitations, red foxes may utilize 
human-derived resources that can have broad effects on 
the ecosystem, such as altering the red fox’s role as a seed 
disperser (Cancio et al., 2017) and shifting red fox density 
in the landscape (Panek and Bresinski, 2002). The only 
other study on red fox diet in Pakistan was from Pir Lasura 
National Park in the Himalayan foothills of Pakistan, which 
red foxes were found to consume wild prey (18% of diet), 
domestic prey (51%) and plants (28%) (Akrim et al., 2019). 
In this study, we investigated the occurrence of red fox 
in the Ayubia National Park, the distribution of red fox 
maternal lineages in Ayubia National Park and across 
Northern Pakistan, and red fox diet composition in the 
study area.

2. Materials and Methods

2.1. Study area

This study was conducted from August 2017 to July 
2018 at Ayubia National Park (34°.1 to 34.38°N; 73.228° 
to 73.271° E), which is located in Abbottabad District 
of Khyber Pakhtunkhwa province, Pakistan. The Park 
comprises of approximately 312 hectares (8,184 acres) and 
is the only protected moist temperate region of Pakistan. 
The area comprises of temperate cone-bearing forests, 
temperate deciduous forests and sub-alpine meadows, 
as well as falls within the lesser Himalayas with a mean 
elevation range of 1,450 to 3,033 m above the sea level 
(Lodhi, 2007). Ayubia National Park is surrounded by 
seven major villages and three small towns of Thandiani, 
Nathiagali and Khanspur. The mean annual rainfall and 
temperature ranges are 1500 mm and 11 °C, respectively 
(Ahmad and Afza, 2014). The area receives monsoon rains 
during summer (July and August) and heavy snowfall in 
winter at upper elevations. The growing period ranges 
from late March to end of September each year with an 
average daytime temperature of 3 to 11 °C (Franklin, 1995; 
Kruckeberg, 2004). A total of 31 species of native mammals 
including the red fox inhabit this park, along with a variety 
of bird species. In addition, the people living in and around 
the National park keep domestic animal species (sheep, 
goat, cow, buffalo, donkey) at their houses, which graze 
freely during daytime in the park (Lodhi, 2007). However, 
at present no estimates of these domestic animals in the 
park are available.

2.2. Spatial distribution

The occurrence of red fox in the study area was 
determined by conducting fortnightly field surveys on foot 
in potential habitats of the Park at different elevations. 

1. Introduction

The red fox (Vulpes vulpes) is the most widespread 
land mammal and occurs across five landmasses: Asia, 
Europe, Australia, northern Africa and North America 
(Ables, 1975). Consequently, the species shows a wide 
range of phenotypes and life history characteristics 
(MacDonald et al., 1999; Williams et al., 2004; Szuma, 
2008), which is reflected in the high number of subspecies 
described. While extensively studied in North America 
and Europe, much less is known about the ecology and 
distribution of various red fox subspecies in Asia.

In Pakistan, the red fox occurs across the country with 
three sub-species currently recognized: Vulpes vulpes 
montana in the high-altitude region of the Karakoram and 
Hindu Kush ranges, V. v. griffithii (also called as Kashmir 
hill red fox) along the temperate mountainous regions, 
and V. v. pusilla in deserts and grasslands (Roberts, 1997). 
However, the distribution and genetic distinctiveness of 
these red fox subspecies is poorly understood. Generally, 
the red foxes in Africa, the Middle East, and South Asia 
fall within a distinct and basal maternal lineage, referred 
to as the Palearctic maternal lineage (Statham  et  al., 
2014). It is estimated that the Palearctic maternal lineage 
diverged from other red fox clades before 400,000 years 
ago (Statham et al., 2014). In contrast, red fox populations 
found across Northern Eurasia form a recently diverged 
and shallow maternal lineage, with weak phylogeographic 
structuring corresponding to a population expansion 
event around 50,000 years ago (Kutschera et al., 2013; 
Statham et al., 2014). The extent and geographic region 
where the Holarctic and Palearctic maternal lineages come 
into contact remains unknown, as sampling in South and 
West Asia is sparse and past studies have relied upon 
museum specimens. Based on a few museum specimens, 
the desert-adapted white footed fox (V.v pusilla) of 
Pakistan falls within the basal Palearctic maternal lineage, 
while the red foxes within the high altitude of Northern 
Pakistan and Central Asia mostly fall within the Holarctic 
maternal lineage. Therefore, it has been suggested that a 
phylogeographic break for red foxes occurs in the Northern 
Pakistan and Central Asian region (Statham et al., 2014).

Based on morphology, the red fox sub-species (Kashmir 
hill red fox) is considered to be found along the Western 
Himalayan foothills and broadleaf forested montane 
regions of India, Afghanistan, and Pakistan. The subspecies 
is also reported from Balk, Badakhshan, Kabul, Faryab, 
Kanadahar, and Jowzjan provinces of Afghanistan (Blyth, 
1854). In Pakistan, it is distributed in mountainous and inter 
mountainous valleys of Khyber Paktunkhwa, Azad Jammu 
& Kashmir, and Punjab provinces (Blyth, 1954), including 
Ayubia National Park. The putative range of the Kashmir 
red fox falls within the intermediate altitude habitat 
between the montane red fox (V.v. montana) and white 
footed red fox (V.v. pusilla) distributions (Roberts, 1997), 
and therefore its genetic affinity towards the Palearctic or 
Holarctic maternal lineage remains unresolved.

Studies focusing on the ecology, distribution and diet 
of the red fox are scarce in Pakistan, with the majority of 
studies being conducted in Europe and North America. 
The red fox is a generalist predator and has a broad diet 
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The field surveys were carried out during seven field 
trips to the study area, during which direct and indirect 
signs (such as scats, foot marks etc.) of the fox species 
were searched and recorded. The scats of the species 
were identified in the field by the authors based on the 
morphological characteristics of the scats including shape, 
size and composition. The survey was conducted on the 
available trails in the park (Figure 1). The survey team 
comprised of four people, including two watchers from 
the staff of the Ayubia National Park. The geographical 
coordinates of the positive sites were recorded using a 
Geographical Positioning System (GPS; Garmin eTrex 
Vista) and used later on to develop a distribution map of 
the species in the study area.

In order to confirm the occurrence of the fox species in 
Ayubia National Park, we also installed camera traps (n = 6) 
in the study area. The camera traps (Reconyx Company) 
were installed at Lalazar track of the Ayubia National Park 
to record photographic evidence of red fox occurrence 
(Figure 2). The cameras were installed for six consecutive 
days from August 22 to 27, 2017. They were used only to 
confirm the occurrence of the fox in the study area.

2.3. Genetic analysis

2.3.1. Laboratory procedures

To confirm the red fox presence and investigate its 
phylogenetic status, we sequenced the mitochondrial 
cytochrome-B region of scat samples (n = 3) from the study 
area at the Mammalian Ecology and Conservation Unit of 
the Veterinary Genetics Laboratory at the University of 

California, Davis, USA. We also included red fox samples 
from regions of Gilgit-Baltistan, Khyber Pakhtunkhwa, 
and Islamabad Capital Territory for the analysis (Table 1). 
During the process, Deoxyribonucleic acid (DNA) was 
extracted from approximately 15 mg of feces using the 
QIAGEN DNeasy Blood & Tissue Kit (Qiagen Inc., Valencia 
CA). The total volume of DNA extracts from each scat 
sample was 50µL. Blank extractions were systematically 
performed to monitor possible contaminations. We used 
polymerase chain reaction (PCR) and performed sequencing 
in forward direction using following cyt b primers:

RF14724 (5’-CAACTATAAGAACATTAATGACC-3’) and
RF15149 (5’- CTCAGAATGATATTTGTCCTC-3’)
targeting about 425-bp of the cytochrome b of the 

mitochondrial DNA. We used a thermal profile of 94 °C for 
10 min, followed by 40 cycles at 94 °C for 30s, 50 °C for 30s 
and 72 °C for 45s; followed by a 10-min extension period 
at 72 °C. The sequencing was carried out on the Illumina 
Genome Analyzer IIx (Illumina Inc.). The sequence reads 
were manually aligned using Sequencher 5.4 (Gene Codes, 
Inc., Ann Arbor, Michigan). Subsequently, we used the Basic 
Local Alignment Search Tool (BLAST; Altschul et al., 1990) 
to identify species for each sample that had a high match 
to reference sequences in Genbank.

2.3.2. Phylogenetic analysis

To place the red fox samples from Ayubia National 
Park in context with the region, we have included 
43 newly red fox samples from the Northern Pakistan 
region and 97 previously sequenced worldwide red 
fox samples (Table  S1) originating from Statham  et  al. 

Figure 1. Map showing details of tracks surveyed for collecting signs (scats and camera traps) of red fox (Vulpes vulpes) in Ayubia National 
Park, Abbottabad Wildlife Division, Abbottabad District, Pakistan.A) showing five sampling sites (at Mushakpuri, Lalazar and Dunga 
Gali) for red fox scat collection while B) showing remaining two sites (at Miranjani and Bakot Gali) where red fox scats were collected.   
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(2014). We also included the corsac fox (Vulpes corsac) 
as an outgroup from Genbank (NCBI ID =JF489127). 
After trimming in Sequencher, we aligned 304 bp of the 
cytochrome B sequence of our red fox samples using 
ClustalX 2.1 (Larkin et al., 2007). After alignment, a Bayesian 
coalescent-based phylogenetic analysis was performed 
using BEAST 2.5.2 (Heled and Drummond, 2010). We applied 
the HYK + F + G4 model of nucleotide substitution, which 
was selected as the best-fit model based on maximum 
likelihood using ModelFinder (Kalyaanamoorthy  et  al., 
2017) within the IQ-tree version 1.6.12 (Nguyen et al., 2015). 
We performed 50,000,000 generations, sampling every 
5000 generations, which we then retained 10,000 samples. 
Based on the results using Tracer 1.5 (Drummond and 
Rambaut, 2007), we designated 10% of the first trees as 
burn-in. The effective sample sizes were above 200 for 
all parameters.

2.4. Diet composition

The diet composition of red fox was investigated by 
analysis of its scats. For this purpose, scats (n =36) of the 
species were collected from the study area regularly on 
a fortnightly basis during surveys. The red fox scats were 
identified in the field based upon their morphology, shape 
and composition and subsequently were collected in self-
sealing polythene samples bags. The collected scats were 
brought to the laboratory, sun dried and then analyzed 
following Mukherjee  et  al. (1994). The disintegrated 
components of the scats were segregated into identifiable 
groups including animal-based prey and plant-based prey 
item. To identify between wild and domestic prey species, 
we prepared light microscopic slides (whole mount and 
scale replica) of the hair recovered from the scats and 
compared them to reference hairs. To calculate the average 
frequency of occurrence (F) of prey species in scats, we 
divided the number of scats containing a particular 

species by the total number of scats and multiplied by 100. 
For calculating volume (V), we measured the weight of a 
particular food item recovered from a scat divided that by 
total weight of the particular scat and multiplied by 100.

The total biomass consumed by red fox during current 
study period was computed following Ackerman  et  al. 
(1984) using Formula 1:

  1.98  0.035 Y X= + 	 (1)

where: Y = weight of prey consumed per scat; X = average 
body weight of the prey.

It is important to note that prey that is not entirely 
consumed by the foxes results in over-estimate biomass 
consumption for that specific prey species.

3. Results

3.1. Occurrence of red fox

Indirect signs of red fox were found at different tracts, 
mainly in the form of scats (Table 1). The scats of the species 
were found on five different sampling sites, which include 
Dunga Galli, Mushkpuri, Miranjani, Lalazar and Bakotgali 
(Table 1). Maximum numbers of field signs (Figure 1) of 
fox species (as scats) were found at Bagot Galli site (39%), 
followed by Mushkpuri and Lalazar track sites (25% each), 
while minimum numbers of indirect signs of the fox 
were recorded at Miranjani track site (3% only). Results 
of camera trap study confirmed the occurrence of fox at 
Ayubia National Park (Figure 2) with the fox species being 
captured on four different occasions at various locations 
on the Lalazar tract sampling site, resulting a total of 
eight photographs.

Table 1. Details of sampling sites in the Ayubia National Park, and the numbers of scats of the red fox recorded.

Visits
Date of 

visit
sampling 

site

GPS Coordinates
Elevation 

(m)

Distance 
walked 

(km)
ScatsStarting 

Coordinate
Ending Coordinate

1 17-Aug-17 Dunga gali N34°05′67.38″ 
E073°41′42.14″

N34°05′50.4″ 
E073°40′84.6″

2359- 2425 4 3

2 22-Sep-17 Lalazar N34°063′73.8″ 
E073°40′55.4″

N34°06′33.4″ 
E073°40′48.0″

2521-2534 1.5 3

3 3-Nov-17 Lalazar N34°06′36.0″ 
E073°40′53.8″

N34°06′34.8″ 
E073°40′51.9″

2531- 2525 4 6

4 9-Jan-18 Mushkpuri N34°06′14.76″ 
E073°42′88.40″

N34°05′50.94″ 
E073°41′67.93″

2798- 2507 4 4

5 22-Mar-18 Miranjani N34°08′38.16″ 
E073°40′18.81″

N34°08′38.91″ 
E073°40′19.65″

2384- 2779 2 1

6 23-Mar-18 Mushkpuri N34°06′43.78″ 
E073°40′74.32″

N34°06′09.37″ 
E073°42′60.48″

2533- 2776 4 5

7 5-May-18 Bakotgali N34°07′95.96″ 
E073°39′40.35″

N34°09′47.45″ 
E073°41′01.71″

2337- 2476 4.6 14

Total 24.1 km 36
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3.2. Species identification and phylogenetic position

We used a total of three (n = 3) fresh scats of the red 
fox collected from the field for phylogenetic analysis. 
Based on the mitochondrial cytochrome B sequences, we 
have confirmed that red fox is present in Ayubia National 
Park. Our phylogenetic analysis show that all the Ayubia 
National Park samples fell into the Holarctic maternal 
clade. Among the newly sequenced red foxes samples from 
Pakistan, we found that all the red foxes inhabiting the 
higher altitude regions of KPK (n = 8) and Gilgit Baltistan 
(n = 21) fall within the Holarctic maternal lineage. The sites 
within Margalla Hills National Park showed a majority of 
Holarctic haplotypes (n = 17) and two Palearctic haplotypes. 
The posterior probability of the node separating the 
Holarctic clade from the Palearctic and Nearctic clade was 
1 (Figure 3). The geographic distribution of red fox cyt-B 
lineages is given in Figure 4.

3.3. Diet composition

The current study encompassed seven field visits to the 
study area that covered a total distance of approximately 
24 km. The maximum number of scats were found at 
elevation of 2407m (N = 14) to 2529 (N = 09) at the Bakot 
gali and Lalazar tracks (Table  1), while the minimum 
number of scats was found at the Miranjani track (N = 1). 

A total of 36 scat samples were collected from the study 
area, however, after careful examination and identification, 
32 samples were processed for investigating the dietary 
habits of red fox in the study area. Red fox scat samples 
(n =32) were first measured in the laboratory for their 
physical characteristics including length, breadth and 
weight using Vernier Caliper and digital weighing balance. 
Average length and breadth of scats were 7.43 ±3.47 cm, 
and 2.75 ±1.36 cm, respectively while their mean weight 
was measured to be 2.69 ±0.30 g (Table 2).

The prey items recovered from the scat analysis of 
red fox included hairs, bones, feathers, plant matter (i.e., 
grass) and other anthropogenic matter (i.e., stones and 
polythene). Hair contributed maximum to the average 
frequency of occurrence across scats (71.85% F), followed 
by seeds (37.5% F), bones (21.87% F), other plant matter 
like grass (28.12% F), and anthropogenic matter (62.5% 
F) (Figure 5).

For the composition of total diet volume (V) of red fox, 
animal based diet was the major contributor (59.43% of 
total diet volume, V), which included mainly hairs (42.9% V), 
bones (16.04% V), and feathers (0.49% V). The occurrence of 
some feathers from fox scats indicates that it occasionally 
and opportunistically feeds upon birds. Similarly, the 
occurrence of hairs in fox scats shows it also consumes 
small mammals like rodents. The plant based diet included 
seeds, vegetative parts of plants and grasses, which was 
relatively less consumed (19.02%V) compared to the animal 
based diet by red fox in this study (Figure 6).

3.3.1. Animal prey species

Six mammalian prey species (four wild and two 
domestic) were identified in the diet of the red fox (Table 3). 
The mammalian prey species included donkey (Equus 
asinus), flying squirrel (Pteromyini sp.), Cape hare (Lepus 
capensis), domestic sheep (Ovis aries), Himalayan palm 
civet (Paguma larvata) and house mouse (Mus musculus). 
Among wild prey, flying squirrel and Cape hare were the 
most frequently consumed by red fox in the study area, 
followed by house mouse and Himalayan palm civet. 
However, Himalayan palm civet was the most voluminously 
(27.56%V) consumed prey, followed by Cape hare (13.4% V) 
and flying squirrel (11.52% V).

Figure 2. Camera trap photograph of a pair of red foxes (Vulpes 
vulpes griffithii) recorded at selected sampling site (Lalazar tract) 
in Ayubia National Park, Abbottabad, during current study.

Table 2. Morphological characteristics of scat samples of red fox that were collected from the Ayubia National Park.

Site Name No. of scats Length (cm) Breadth (cm) Weight (g)

Dunga gali 3 0.87-2.62 1.5-2.60 2.74-31.58

Lalazar 5 2.819-22.09 3.55-17.27 1.43-8.06

Muskpuri 9 0.932-3.42 0.47-1.38 2.33

Miranjani 1 0.796 1.689 1.01-2.70

Bakotgali 14 1.79-5.97 1.04-3.964 0.52-4.04

Total 32 37.183 13.782 24.68

Mean ± SE 7.436 ±3.472 2.756 ±1.365 2.694 ± 0.304

*SE: Standard Error
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Figure 3. Phylogenetic tree of 140 red foxes using 304bp of the mitochondrial cytochrome B sequence. The posterior probability is 
indicated at the relevant node positions. The tip labels refer to the sample IDs in Table S1 with labels in black indicated newly sequenced 
samples from this study. Red bar indicates the Palearctic maternal lineage, blue indicates Nearctic maternal lineage, and green indicates 
Holarctic maternal lineage. KPK = Khyber Pakhtunkhwa administrative province in Pakistan, NP = National Park.
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Figure 4. Distribution of the Holarctic and Palearctic maternal lineages of red foxes using 304bp of the mitochondrial cytochrome B 
sequences. Genetics samples in the distribution map originate from the current study (Statham et al., 2014; Werhahn et al., 2017).

Figure 5. Percent frequency (%F) and percent volume (%V) 
occurrence of recovered food items from 32 scats of red foxes 
from Ayubia National Park.

Figure 6. Seasonal variation (winter and summer) in biomass 
consumption of prey species by red fox inhabiting Ayubia National 
Park, Pakistan.

Table 3. Details of prey species (%F and %V) identified from the scats of the red fox collected from Ayubia National Park.

S. No. Prey species Scientific name %F %V

Wild prey

1 Flying squirrel Pteromyini sp. 15.62 18.01

2 Himalayan Palm Civet Paguma larvata 6.25 43.07

3 House mouse Mus musculus 9.37 13.58

4 Cape hare Lepus capensis 18.75 20.95

Domestic prey

5 Donkey Equus asinus 43.75 24.68

6 Domestic sheep Ovis aries 6.25 6.74

Plant food

7 Katchmach Solanum nigrum 15.62 34.40

8 Chirata Swertia sp. 9.37 26.41

9 Kala amlok Diospyros lotus 9.37 19.81

10 Chonkaath Chonkaath sp. 6.25 16.02
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Among domestic prey (scavenged by red fox), donkey 
contributed the highest (43.75% F) in the total diet of red 
fox, followed by sheep (Table 4). The shape of one of the 
down feathers recovered from the scat samples of the red 
fox resembled House sparrow (Passer domesticus).

3.3.2. Plant diet

The seeds of plants identified from the scats included 
four species: Swertia (local name Chirata), Solanum nigrum 
(Katchmach), Diospyros lotus (Kala amlok) and Chonkaath 
(Table 3). In terms of percentage frequency (%F) Katchmach 
(Solanum nigrum) contributed highest (15.62%F), followed 
by Kala amlok (Diospyros lotus) and Chirata (Swertia) 
(9.37%F), while Chonkaath contributed the least (6.25%F). 
In accordance with percentage volume (%V), Katchmach 
(Solanum nigrum) was most heavily consumed (6.88%V) 
followed by Chirata (Table 3).

3.3.3. Prey biomass consumption

In terms of total biomass consumption, domestic prey 
dominated at 89.8 kg of the total diet over wild meso-
mammals at 10.18% (Table 4). Donkey was a major food 
item that constituted 80.68 kg of biomass among domestic 
animals, followed by domestic sheep (45.2kg). Among wild 
prey, Himalayan palm civet was the major contributor of 
biomass (5.1 kg), followed by cape hare while flying squirrel 
and house mouse contributed least (Table 4).

3.3.4. Seasonal variation

Diet composition of red fox showed seasonal variation in 
its consumption (Figure  6). During winter (from October to 
March), the fox consumed slightly more wild prey (57.12 kg, 
n = 14 scats in the winter) compared to summer (April to 
September) season (44.43 kg, n = 18 scats in the summer). 
Similarly, the red fox relied more on domestic prey in 
summer season (55.55 kg) compared to winter (42.85 kg) 
Among wild prey, Himalayan palm civet was only consumed 
during winter while domestic sheep was only consumed 
during summer season. The Cape hare was the major wild 

prey of red fox during summer season followed by flying 
squirrel (Figure 6). The winter and summer diet of the red 
fox was compared through student’s paired t-test, which 
showed that diet composition differed non-significantly 
(df = 5, t=2.01, p = 0.49) in the two seasons.

4. Discussion

Our study contributes to a gap in knowledge on red fox 
occurrence, phylogenetic diversity, and diet composition 
in Pakistan. We have confirmed that the red fox is present 
in Ayubia National Park through field photographs by 
camera traps and DNA analysis of the cytochrome B region. 
The phylogenetic analysis showed that red foxes in Ayubia 
National Park, surrounding temperate mountain regions, 
and high-altitude regions of Gilgit-Baltistan are part of 
the Holarctic red fox maternal lineage. The scat analysis 
for diet composition revealed animal-based (69. 33%) and 
plant-based (19.02%) food components along with some 
anthropogenic matter (19.4%). While our analyses show 
little seasonality in the red fox diet within the study area, 
our results on red fox diet should be considered preliminary 
due to small sample sizes. Overall, this study provides 
insight into the occurrence, genetic distinctiveness, and 
diet composition of the red fox in a region where there is 
little scientific knowledge of this important and widely 
distributed mammal.

Ayubia National Park consists of sub-alpine meadows 
and moist temperate, sub-tropical pine forests. Based 
mainly on scats, the field signs of fox were found at different 
tracts in the Park, which included Dunga gali, Mushkpuri, 
Miranjani, Lalazar and Bakotgali. In Machiara National 
Park in Azad Jammu & Kashmir, the Kashmir hill red fox 
was commonly distributed throughout the national park 
at elevations ranging from 1500 to 3300m (Awan et al., 
2004). We have recorded the fox species up to maximum 
of 2258 m elevation in our study region, in correspondence 
to the elevational range described in Awan et al. (2004).

Table 4. Prey biomass consumption by red fox in Ayubia National Park.

Prey species
Assumed weight 

(kg)
Biomass per scat Number of scats

Biomass 
consumed (kg)

Biomass 
Consumption %

Domestic prey

Domestic sheep 45 - - - -

Donkey 80 3.78 6 80.68 89.8

Sub-total 125 3.78 6 80.68 89.8

Wild Meso-mammals

Flying squirrel 0.14 3.95 2 0.72 0.8

Himalayan Palm 
civet

4.3 2.56 2 5.1 5.67

House mouse 0.019 5.46 2 0.63 0.7

Cape hare 2 4.8 2 2.71 3.01

Total 6.459 11.31 8 9.16 10.18
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palm civet were the most consumed followed by flying 
squirrel. These results are similar with feeding patterns 
of the red fox studied in the Mediterranean landscapes 
(Blondel and Aronson, 1999; Aranzabal  et  al., 2008) 
showing that mammals are the most important trophic 
group for red fox diet, particularly the European brown 
hare, followed by arthropods and plants. In contrast, the 
desert-adapted white footed fox (V.v. pusilla) consume most 
frequently fruits and insects in the Thar Desert of Western 
India (Wilson and Dookia, 2019). In Pir Lasura National 
Park in Azad Kashmir, red fox was found to consume a 
similar frequency of domestic prey (50.9%) to the red 
foxes in Ayubia National Park (50%). Although red foxes 
in Pir Lasura National Park primarily consumed poultry 
as domestic prey, we did not find any sign of poultry in 
our samples, possibly due to a lack of poultry in the study 
area or inadequate sample sizes. We caution that while the 
biomass consumption is high for domestic prey, it is likely 
due to the high weight of the domestic prey and that red 
foxes probably scavenged the carcasses opportunistically.

Lastly, we documented that almost 20% of red fox diet 
was plant-based, which were identified by seeds in the 
scats. Red foxes have been recognized as an important for 
dispersal and germination of seeds of the Mediterranean 
hackberry (Juan et al., 2006). Many other studies have 
highlighted the consumption of plant-based material in 
red fox diet (Murdoch et al., 2009, D’hondt et al., 2011; 
Díaz-Ruiz et al., 2013; Cancio et al., 2017; Reshamwala et al., 
2018). In Pir Lasura National Park in Pakistan, red foxes 
showed that plants made up 27.54% of the total frequency 
across 92 scats (Akrim  et  al., 2019). Interestingly, one 
of the most consumed plants by red foxes in our study 
was Chirata (Swertia sp.), which is a used frequently as 
a traditional medicinal plant for various ailments, such 
as fever, constipation, upset stomach, loss of appetite, 
and intestinal worms (Kumar and van Staden, 2016). 
In addition to a larger sample size of scats, further research 
on whether consumed seeds show higher and more rapid 
germination than seeds that are not digested by red foxes 
has the potential to evaluate whether Kashmir Hill red 
foxes are acting as seed dispersers.

5. Conclusion

Our study confirms that red fox occurs in the Ayubia 
National Park with an elevational range between 2300 m 
to 2550 m. Based on our samples, the sub species (Kashmir 
hill red fox) in Ayubia National Park is part of the Holarctic 
maternal lineage. Furthermore, phylogenetic analysis using 
140 red fox sequences showed that both the Kashmir hill 
and montane red fox sub-species in the mountainous 
regions of Northern Pakistan are part of the Holarctic 
maternal lineage, whereas red fox samples at the lower 
altitude regions of Pakistan fall within the basal Palearctic 
maternal lineage. In Ayubia National Park, the red fox 
consumes mostly animal based diet (approximately 
70%), which includes four wild meso-mammals and two 
domestic prey species. Plants comprise of 19% of the red 
fox diet, suggesting red foxes may facilitate seed dispersal 
of some plant species.

Similar to the gray wolf and brown bear, most of 
the red fox phylogenetic diversity is centered in the 
southern portion of its global range (Sharma et al., 2004; 
Ashrafzadeh et al., 2016; Lan et al., 2017; Statham et al., 
2014). Based on our limited sampling and previous studies, 
our results suggest that the basal Palearctic maternal 
lineage is primarily found in the lower altitude regions 
of Pakistan (Statham et al., 2014). In contrast, our samples 
across the Kashmir hill red fox range (Ayubia National 
Park, Swat Valley, and Chitral Gol National Park of KPK) 
and the montane red fox range in Gilgit-Baltistan all fell 
within the Holarctic maternal lineage. While a single 
Palearctic haplotype from a previously sequenced red fox 
sample was found near Gilgit, this museum-based sample 
was collected in the late 1800’s and may have inaccurate 
origins (Statham et al., 2014). If this sample’s location is 
correct, there may be a very low frequency of Palearctic 
haplotypes in the high altitude red fox population that 
was undetected by our study. Overall, our results suggest 
that the majority of the high altitude red foxes of Northern 
Pakistan are part of the Holarctic maternal lineage and, 
therefore, the presence of this lineage in Northern Pakistan 
may have originated from a major expansion event in 
Eurasia during the last glaciation (Statham et al., 2014).

It is interesting to note that there was a low frequency 
of Palearctic maternal haplotypes found in Margalla Hills 
National Park, which lies at the junction of the Pothwar 
Plateau and the Himalayan range. For amphibians and 
reptiles, Margalla Hills National Park represents the 
most northernmost range of species found on the plains 
and the most southern extent of species found in the 
Himalaya (Masroor, 2011). Based on its smaller body 
size, it has been suggested that the red fox in the Punjab 
Salt Range is the white footed fox V.v. pusilla (Roberts, 
1997), in which the Potwar plateau and/or the region of 
Margalla Hills National Park could possibly be the area 
of secondary contact between the subspecies V.v pusilla 
and V.v. griffithii. A phylogeographic break in red foxes 
was previously inferred at the junction of the plains and 
mountainous regions of Pakistan (Statham et al., 2014), 
and our results suggest this region may be a transition 
zone between populations with palearctic haplotypes 
in the plains to Holarctic haplotypes in the mountains. 
Further research using the mitochondrial D-loop, nuclear 
genetic markers, and expanded geographic sampling 
will give higher resolution into the distribution of red 
fox subspecies and whether the Palearctic and Holarctic 
maternal lineages interbreed with each other. More broadly, 
this resolution can give insight into the historical processes 
that have shaped patterns of regional species diversity in 
South and Central Asia.

Knowledge of a predator’s diet is vital to understand 
its ecology and to predicting its effect on the dynamics 
of prey populations (Oli, 1993). Our results are consistent 
with the red fox being an omnivore having a diverse diet, 
as highlighted in other studies (Basuony  et  al., 2005; 
Baker et al., 2006; Goldyn et al., 2003; Soe et al., 2017). 
The analysis of scats revealed both animal-based (69.33%) 
and plant-based (19.02%) food components, along with 
some anthropogenic matter (19.4%; i.e., plastic pieces, 
stones etc.). Among wild prey, cape hare and Himalayan 
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Supplementary Material

Supplementary material accompanies this paper.

Supplementary Table S1. Samples included in the phylogenetic analysis with the ID number, geographic origin, and 
reference. There are red fox samples and one Corsac fox (Vulpes corsac) as an outgroup (NCBI ID = JF489127.1). KPK 
refers to the administrative province of Khyber Pakhtunkhwa in Pakistan.

This material is available as part of the online article from https://www.scielo.br/j/BJB


