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Ecology and Conflicts Dynamics of Apex Predators in Northern 

Pakistan 

ABSTRACT 

Apex predators are usually associated with large body sizes, low densities, large 

home ranges, and wide distributions. They are frequently considered flagship species as 

conservation effOlis for them benefit entire communities. Apex predators playa crucial 

role in maintaining healthy, balanced ecosystems, though the magnitude of their effects as 

ecosystem regulators has been immensely underestimated. The widespread decline in 

nwnbers and distribution oflarge carnivores due to human persecution has led to a loss and 

reconfiguration of biological diversity in many ecosystems, highlighting the ecological 

effect of carnivores and the broad-scale consequences of their loss. 

Pakistan is home to 10 of 18 known mammalian orders which reflects significant 

diversity in the country. Unfortunately, the majority of large mammals in Pakistan are 

either threatened or endangered. Key large predators in northern Pakistan include the snow 

leopard, brown bear, grey wolf, and Himalayan lynx. I selected the snow leopard and 

brown bear as model predator species for this study because both are iconic species and 

represent distinct habitats and foraging while having overlapping ranges in Pakistan's high 

mountainous. 

The long-term survival of these majestic species in Pakistan is uncertain due to 

intensifying threats, e.g., growing human populations, expanding infrastructure, increasing 

livestock, increasing dependency on natural resources, poaching, and growing and 

unmanaged tourism. For snow leopards, direct killing by farmers is the single most 

significant threat. Climate change is another emerging threat and is intensifying ongoing 

challenges for the survival of thin predator populations in human-dominated landscapes. 

Such a situation requires targeted conservation efforts. However, there are critical 

knowledge gaps in the ecology of large predators in Pakistan. For example, their 

distributions are dated and based on anecdotes and limited understanding of habitat 

requirements- reliable population estimates are unavailable, and the nature and magnitude 
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of their conflicts with people are not well known. The overall goal of this study was to fill 

these knowledge gaps for the informed conservation of apex predators in Pakistan. The 

study relied on empirical data collected through modern techniques like camera trapping 

and molecular genetics, in combination with advanced analytical methods, to construct 

species distributions and assess populations and human-carnivore interactions. 

I found that northern Pakistan still supports good habitats for large predators, 

including snow leopards and brown bears, though quality across the landscapes was not 

uniform. For snow leopards, a large portion of previously known range represented low

quality habitat, including areas in lower Chitral, Swat, Astore, and Kashmir. Conversely, 

Khunjerab National Park (KNP), Misgar, Chapursan, Qurumber National Park (QNP), 

Broghil National Park (BNP), and Central Karakoram represented high-quality habitats. 

Variables with higher contributions in the habitat model were precipitation during the driest 

month (34%) and annual mean temperature (19.5%). The connectivity analysis for snow 

leopards revealed that the population in the Hindu Kush landscape was more connected 

with the population in Afghanistan as compared to other populations in Pakistan. Similarly, 

the Pamir-Karakoram population was better connected with China and Tajikistan, while 

the Himalayan population was connected with the population in India. 

Similarly, for brown bears, a large portion of the historic range represented low

quality habitat, including areas in Swat, Lower Chitral, Neelum Valley, Naran-Kaghan, 

Khanbari, parts of Central Karakoram National Park (CKNP), and the surrounding areas 

of Gilgit. On the other hand, Deosai National Park (DNP) and its surrounding areas, KNP, 

QNP, BNP, Musk Deer National Park (MDNP), Misgar, Chapursan, parts of Astore Valley, 

Yarkhun Valley, Laspur Valley, Phandar Valley, and Kharmang Valley represented high

quality habitats. The connectivity model for brown bears showed that the population in the 

Hindukush range was isolated. The population in BNP and QNP was connected with the 

population in Afghanistan, while the KNP population was connected with China. In the 

Himalayas, the brown bear population had a weak connection with the population in Indian 

Occupied Kashmir. Inside Pakistan, the brown bear population in KNP, BNP, QNP, 

Misgar, and Chapursan were connected. The CKNP population was either isolated or 
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weakly connected with KNP. The brown bear population in DNP and surrounding areas 

had a connection with that of MDNP. 

Two best-quality habitats for both species were selected to estimate populations. 

KNP and its surroundings constitute prime habitat for snow leopards. Nineteen unique 

snow leopard individuals were identified in this area from photographic data of 122 camera 

stations active for 1,243 trap-days. The spatial capture-mark-recapture (SCR) model 

estimated a total of 55 individuals with 29.05-104.27 (95% CI) across 5,764 krn2. The base 

encounter rate was 0.008, and the spatial scale of movement was calculated at 6.726 ± 1.23 

krn. This yielded a density of 1 animal per 100 krn2
, with an upper confidence limit of 1.8 

individualsllOO krn2, and lower confidence limit of 0.5 individuals/I 00 krn2 . 

. For brown bears, the population was estimated in DNP, an area known to be the 

main stronghold of the species, using double-observer visual counts in combination with 

capture-mark-recapture (CMR). Thirty bears were sighted in 19 sighting events, excluding 

double counts. The Huggins Closed Capture model estimated a capture probability (p) 0.48 

± O.llSE with 0.28-0.69 (95% CI), and recapture probability (c) 0.48 ± O.llSE with 0.29-

0.68 (95% CI) . The averaged population size (N) was 44.64 ± 12.66SE with 19.84-69.45 

(95% CI). 

During conflict surveys, 2,733 respondents reported 32,753 livestock (6,551 per 

year, with an average 2.39 per household, per year) losses to various carnivores and 

diseases, with a total economic loss ofPKR 38,423,996 (PKR 7,684,799 per year with an 

average PKR 2811.855 per household, per year). Among these losses, diseases contributed 

80%. The majority (53 .80%) of losses related to small ruminants. Such a high level of 

property loss induced fear in local communities, influencing their tolerance towards large 

carnivores. Our analysis indicated that people were more tolerant of snow leopards in the 

north-eastern parts of the range. However, acceptance decreased in areas with frequent 

predator sightings. Depredation of livestock by snow leopards and the proportion of 

herding families in communities contributed significantly to negative attitudes towards 

predators. 
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In conclusion, northern Pakistan supports high-quality habitats for large predators 

like snow leopards and brown bears. The populations of these predators are patchy, but a 

few high-quality habitats support higher densities. Both species maintain regional 

connectivity, which must be protected for the species' long-term survival. Connectivity 

among some populations within the country is weak, which could be improved through 

targeted conservation work on movement corridors identified in this study. Human

predator conflicts pose a serious challenge to the future of these species. The co-existence 

of predators with human communities could be managed by addressing factors that 

determine human attitudes to carnivores, compensation for livestock predation, and 

education. 
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ECOLOGY AND CONFLICT DYNAMICS OF APEX PREDATORS IN 

NORTHERN PAKISTAN 

CHAPTER 1 

General Introduction 
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1 General Introduction 

1.1 SIGNIFICANCE OF APEX PREDATORS. 

Apex predators, like large carnivores, are generally characterized by large body size, 

low densities, large home ranges, and wide-ranging movements. Factors like prey 

availability and habitat suitability determine their abundance in an area, while the presence 

of other predators has a lesser effect (Carbone and Gittleman, 2002). The dietary breadth 

of subordinate large carnivores appears to be limited, controlled by interspecific 

competition with dominant predators (Ferretti et al. , 2020). Fierceness and intelligence are 

also attributed to apex predators. They draw the attention of the scientific community, as 

well as the public, because of their ecological roles (Allen et al. , 2017; Bruskotter et al. , 

2017), like the functioning and structuring of ecosystems, disease control, and biodiversity 

conservation (O'Bryan et al. , 2018; Ripple et al., 2014; Stier et al., 2016). These facts 

justify their significance for conservation (Hebblewhite et al., 2005). 

Apex predators perform a crucial role in maintaining healthy and balanced 

ecosystems, but they have been immensely underestimated as ecosystem regulators (Ripple 

et al. , 2014). Their role can be triggering cascading effects through lower trophic levels to 

maintain ecosystem integrity (Terborgh et al. , 1999). Recent studies suggest that through 

suppressive effects on large and medium herbivores and smaller predators, apex predators 

can shape ecosystems (Ferretti et al. 2020; Colman et al., 2014; Ritchie and Johnson, 2009). 

The mesopredator release hypothesis foresees that the number and activity of smaller 

predators increases when the number of apex predators decreases, and this is due to lower 

direct killing and food competition by apex predators (Crooks and Soule, 1999; Moseby et 

al. , 2012). Consequently, mesopredator outbreaks are usually associated with high 

predation, which affects their prey numbers (Ritchie and Johnson, 2009). The influence of 

large predators on their prey and mesopredators can result in a redistribution oflandscapes, 

and disturbs landscape features, habitat use, and the abundance of several species (Ripple 

and Beschta, 2006) . The ecological release of mesopredators has drastic effects on rivers, 

oceans, forests and pastures, which places an additional burden on species already 

suffering. 
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The traits that place large carnivores at the apex of trophic systems also bring them 

into conflict with humans because competition for game and livestock are predominant 

sources of such conflict. Large carnivores have been persecuted by humans for ages. Fear 

is one of the oldest reasons behind this persecution (Gross, 2008). Contrary to other large 

mammals, carnivores have not been killed for consumption, but for removal as they are 

considered pests (Frank and Woodroffe, 2001). Humans must be ready and able to alter 

their own attitudes for co-existence with predators. Human persecution and habitat loss 

have resulted in catastrophic declines of apex predators throughout the world. Humans may 

have many reasons for trying to eliminate apex predators, but competition for food is 

perhaps the most important one. Real food webs are not particularly simple-there is a 

complex network of direct and indirect interactions. Such complexities sometimes bring 

out an unusual response to conservation efforts (Polis and Strong, 1996). 

1.2 APEX PREDATORS IN NORTHERN PAKISTAN AND 

THREATS TO THEIR SURVIVAL 

Among 18 known mammalian orders, members of 10 are present in Pakistan, which 

indicates considerable diversity and corresponding overall trends (Sheikh and Molur, 

2005). Northern Pakistan hosts more large mammalian species as compared to other areas 

of the country. However, most of these species are either threatened or endangered (Rao 

and Marwat, 2003) . The key large predators in the northern Pakistan include the snow 

leopard (Panthera uncia), common leopard (Pantherapardus), brown bear (Ursus arctos), 

grey wolf (Canis lupus), Asiatic black bear (Ursus thibetanus) and Himalayan lynx (Lynx 

lynx). I selected the snow leopard and brown bear as model predator species for this study, 

because both are iconic species for Pakistan, and represent distinct habitat and foraging, 

while having overlapping ranges in the high mountains of Pakistan. 

On global level, snow leopard is categorized as Vulnerable, while the brown bear is 

categorized as Least Concern, according to The IUCN Red List of Threatened Species 

(2014.2). They are listed in Appendix-I and Appendix-II of CITES, which means that trade 

in these animals' species and their body parts is illegal. In Pakistan, both these predators 

are considered as Critically Endangered due to various threats, like habitat degradation, 
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illegal hunting, and prey depletion (Sheikh and Molur, 2005). Both species are legally 

protected in Khyber Pakhtunkhwa (KP), Gilgit-Baltistan (GB), and Azad Jammu and 

Kashmir (AJK) through various wildlife acts. 

The Himalayan brown bear is predominantly herbivorous, as indicated by diet 

composition in Pakistan and India (Nawaz et ai. , 2019). In Pakistan, its diet consists of 

plant matter (64%) and animal matter (36%). It subsists on eight plant families, Apiaceae, 

Asteraceae, Caryophyllaceae, Cyperaceae, Lamiaceae, Poaceae, Polygonaceae, and 

Rubiaceae. Golden marmots are brown bears' main source of meat. Males are generally 

more carnivorous than females, probably because of their larger size and higher energy 

demand for hunting marmots (Nawaz et ai. , 2019). Snow leopards are capable of killing 

prey up to three times of their own weight. Their main prey consists of medium-sized 

mountain ungulates, especially Himalayan or Siberian ibex (Capra sibirica), bharal or blue 

sheep (Pseudois nayaur), markhor (Capra falconeri) , and Himalayan tahr (Hemitragus 

jemlahicus). They also reportedly prey on other ungulates present in their range, including 

small mammals, rodents, and birds. In Pakistan, limited studies, confined to small areas, 

have been conducted which revealed that major portion i.e. , up to 70% of their diet consist 

of domestic livestock, including sheep, goat, cattle, yak and hybrid of cattle-yak. Among 

wild prey, Siberian ibex, markhor, hare, marmot, pika, and birds were dominating (Anwar 

et aI. , 2011; Hacker et ai. , 2021; Khatoon et ai. , 2017) . 

The principal threat to large mammalian carnivores is deliberate or accidental killing 

by people (Woodroffe, 2001) . The snow leopard is facing many threats (McCatihy et aI. , 

2017; McCarthy and Chapron, 2003), and its survival is challenged mainly due to illegal 

killings: either due to retaliatory killings by herders/farmers or poaching for pelts and other 

body parts. Recently some more threats have indicated including climate change, large 

scale infrastructure, mining, and barriers such as fences or roads (Wingard et ai. , 2015; 

Zahler 2016). Habitat loss and prey depletion are also growing threats to the abundance 

and distribution of snow leopards in Pakistan. Another emerging threat is species-focused 

conservation policies, like trophy hunting, which targets lmgulates for promotion and 

conservation, but ignores other sympatric species (Hussain, 2003). People sometimes 

consider the snow leopard dangerous because it may kill large ungulates to the size of a 
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domestic yak. The brown bear in northern Pakistan is facing several threats, for instance, 

growing human population, expanding infrastructure, increasing livestock, increasing 

dependency on natural resources, poaching, and growing and unmanaged tourism (Nawaz, 

2007). Sometimes it is killed due to culture and beliefs, because many bear body parts are 

believed to have magical medicinal power. Infrastructure and resource use by humans have 

adversely affected the natural resource in Pakistan. Also, climate change is another serious 

issue. These factors are shrinking the main habitat of brown bear resulting its shrinking 

populations. As brown bears in Pakistan mainly feed on plant matters and grown livestock 

number in its habitat is creating a serious competition for resource use which represent 

major threat to its habitat (Hameed et aI., 2013 ; Nawaz, 2007). 

1.3 BARRIERS TO THE CONSERVATION PLANNING OF APEX 

PREDATORS 

A sound knowledge base of species ecology is vital for conservation planning. The 

following knowledge gaps limit the management of apex predators in the northern 

Pakistan. 

1.3.1 Species distributions are dated and based on anecdotes 

Assessment of available suitable habitat and identification of possible movement 

corridors are of prime importance for developing conservation strategies for threatened 

species. Accurate modelling of the geographic distribution of species is essential to 

different applications in ecology and conservation (Fourcade et aI., 2014; Phillips and 

Dudik, 2008; Renner and Warton, 2013). The spatial and temporal distribution of species 

is a fundamental subject of ecology. It is important to be aware of the variables constraining 

or facilitating species' occurrence to avoid the under-prediction or over-prediction of its 

distribution or habitat suitability (Baldwin, 2009). Much of this data are readily available, 

for example, in the form of digital elevation models (https://www.usgs.gov) and global 

databases of climate (https://www.worldclim.org), productivity, and human 

im pacts/infrastructure (http://www . fao. org). 
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Connectivity among habitats and populations is another important factor that 

influences a variety of ecological processes, like metapopulation dynamics, gene flow, seed 

dispersal , demographic rescue, infectious disease spread, population persistence, exotic 

invasion, range expansion, and biodiversity conservation (Calabrese and Fagan, 2004; 

Damschen et aI. , 2006; Fagan and Calabrese, 2010; Kareiva and Wennergren, 1995; 

Moilanen et aI. , 2005 ; Moilanen and Nieminen, 2002; Ricketts, 2001). Preserving and 

restoring connectivity is a top conservation priority, and conservation organizations are 

devoting substantial resources to accomplish such targets (Beier et aI., 2006; Kareiva, 

2006). A reliable, efficient and process-based approached is required to achieve this 

objective in complex landscapes. A new category of ecological connectivity models, based 

on electrical circuit theory was introduced by McRae et al. (2008). Resistance, current and 

voltage determined through graphs or raster grids can be associated with ecological 

procedures, like gene flow and individual movement that take place across landscapes or 

large population networks. Circuitscape is not the right modeling method for every 

connectivity application, but it is strongly complementary to others, and often works well 

in conjunction with other methods. Other widely used approaches include individual-based 

movement simulations (Hargrove et aI., 2005), the derivation of landscape pattern indices 

(Schumaker, 1996), least-cost path models, graph theory (Adriaensen et aI., 2003; Keitt et 

aI. , 1997; Minor and Urban, 2007; Urban and Keitt, 2001) and Brownian bridge movement 

model (Horne et aI., 2007). In present study, Circuitscape was selected due to its convenient 

use with habitat model, developed by Maxent. 

1.3.2 Limited knowledge of habitat requirements 

The snow leopard has obtained an iconic status worldwide and is treated as a 

flagship species of the Greater Himalayan ecosystem (Alexander et aI. , 2016). The species 

is native to the mountain ranges of Central and southern Asia-some of the world's most 

rugged landscapes (Bhatnagar et aI. , 2001; Jackson et aI., 2008; Network, 2014). It occurs 

in the Hindu Kush, Karakoram, Altai, Sayan, Tien Shan, Kunlun, Pamir, and outer 

Himalayan ranges, and smaller isolated mountains in the Gobi region (Hussain, 2003; 

Nowell and Jackson, 1996; Schaller, 1976). Estimates of global distribution range vary 

from 1.2 million to over 3 million km2 (Network, 2014) and the species is highly threatened 
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throughout its range. A recent study estimated its occupied range to be about 2.8 million 

km2 (McCatihy et aI. , 2017) spreading across 12 countries-Afghanistan, Bhutan, China, 

India, Kazakhstan, Kyrgyzstan, Mongolia, Nepal, Pakistan, Russia, Tajikistan and 

Uzbekistan (Fox, 1994; Jackson and Hunter, 1996; Maheshwari, 2013). The potential range 

of snow leopards may also extend to northern Myanmar, but recent snow leopard presence 

in this area has not been confirmed (Network, 2014). 

In Pakistan, the snow leopard is found throughout the mountain ranges of the 

northern part-Hindu Kush, Karakoram, and Himalayas- in Chitral, Dir, Swat, and 

Kohistan districts of KP, in all districts of GB, and in the northern part of Neelum Valley 

of AJK (Ahmad et aI., 2016; Hussain, 2003 ; Nowell and Jackson, 1996; Schaller, 1976). 

Pakistan's total estimated snow leopard habitat, according to Roberts' (1977) range maps, 

is about 80,000 km2
, of which about half is considered as the prime habitat (Fox, 1989). 

However, this preliminary evaluation of the snow leopard's distribution is based on general 

expert judgments, anecdotal information and topography. Consequently, these coarse 

distribution maps are not always in close agreement with the actual distribution-the 

discrepancy may be huge at the regional and global level (Fox, 1994). Accurate modelling 

of the geographic distribution of species is crucial for conservation planning (Fourcade et 

aI. , 2014; Phillips and Dudik, 2008; Renner and Warton, 2013). No study on the habitat 

suitability of snow leopards has been conducted before this study. 

The historical distribution range of the Himalayan brown bear extends from the 

Pamir, Hindu Kush, western Himalayan, western Kunlun, Karakoram, Shan, and Tian Shan 

ranges in southern Asia (Nawaz, 2007; Robelis, 1977). Its global population throughout 

the entire distribution range has not been estimated. Brown bear distribution is mostly 

limited to the higher elevations of Central Asia and the Asian Highlands, where the effects 

of climate change have been reported more evidently (Aryal et aI. , 2014). 

In Pakistan, the presence of brown bears in the western Himalayas has been 

confirmed in several localities-Neelum Valley, Kaghan Valley, Nanga Parbat, Astore 

Valley, and the Deosai Plateau (Ahmad et aI. , 2016; Nawaz, 2007; Roberts, 1977). Their 

presence has also been recorded in different valleys, glaciers, and high meadows in the 
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Pamirs, Karakorams, and Hindu Kush (Roberts, 1977; Schaller, 1976). The species is also 

found in Chitral , Kalam (Kohistan) and Pallas Valley (Indus Kohistan) (Nawaz, 2007; 

Robelis, 1977). In Southern Asia, the species exists in small and isolated populations in 

remote and rugged mountainous areas, and has been declared endangered (Servheen et ai. , 

1999). 

In Pakistan, the brown bear is distributed over an area of about 150,000 km2 in the 

country's northern parts (Haq and Rahatullah, 2012; Nawaz, 2007). Total suitable brown 

bear habitat is approximately 68 ,503 km2 which is about two percent of the total suitable 

habitat in Central Asia and the Asian Highlands (Su et aI. , 2018). It is predicted that brown 

bear habitat in Pakistan is most vulnerable to climate change after India, and suitable 

habitat will shrink to 56,501 .30 km2 (17.52% loss) by 2050 (Su et aI., 2018). However, this 

assessment of brown bear habitat is based on secondary information and did not include 

proper field efforts. Very limited information is available on brown bear habitat suitability 

in Asia and Central Asia (Dai et aI. , 2019; Ghoddousi et aI., 2020; Nawaz et aI. , 2014; Su 

et aI. , 2018). The Himalayan brown bear is a threatened species in Pakistan, and only a 

single study has been conducted so far on its habitat assessment in Deosai National Park 

(Nawaz et aI. , 2014). Our goal was to identify available suitable habitat, the extent of 

connectivity existing between populations, and the climatic and topographic factors that 

limit the distribution of brown bears across their distribution range in Pakistan. 

1.3.3 Lack of reliable population estimates 

Population monitoring is a key tool for the conservation of a species. Without an 

appropriate monitoring of the population and habitat of a target species, it is not possible 

to judge the usefulness of conservation actions. So far, reliable baseline information is 

lacking to make informed decisions (Jackson et aI., 2005). To ensure that the populations 

of large predators persist, conservationists need to understand the population trends and 

distributional patterns of each species (McCarthy and Chapron, 2003). 

There are no robust estimates of snow leopard population across the world. Total 

snow leopard population is estimated from various figures as guesses to be 4,000- 7,500 
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(Jackson et aI., 2010; McCarthy and Chapron, 2003; Sharma et aI., 2019; Snow Leopard 

Working Secretariat, 2013). The lack of reliable overall population estimates and 

standardized methodologies are key hurdles that are yet to be overcome before we can be 

sure about snow leopard population trends. Schaller (1979) estimated Pakistan's snow 

leopard population to be 104-] 30 individuals. Malik (1995) reported that around 400 snow 

leopards could be present in Pakistan. Surveys undertaken in the Skardu and Ghanche 

districts of GB resulted in an estimate of 90-120 animals in that area and the estimated 

population was placed at 300-420 animals throughout Pakistan (Hussain, 2003). However, 

these figures are not based on standardized approaches, nor did they consider statistical 

assumptions, the ecology of snow leopards, or the risks of extrapolating results over large 

spatial landscapes (Sharma et aI. , 2019). 

Many populations of brown bear are isolated and are of conservation concern, 

particularly in the southern parts of their distribution range (McLellan et aI., 2017). The 

brown bear's phylogeography has been studied comprehensively in many parts of its 

distribution range (Hirata et aI. , 2013), but information about its population status in the 

Central Asia is minimal- many populations are further fragmented into several smaller 

popUlations (McLellan et aI. , 2017). Two subspecies of brown bear, the Tibetan brown bear 

(Ursus arctos pruinosus) and Himalayan brown bear (Ursus arctos isabellinus), occupy 

the southern Tibetan Plateau and the north-western Himalayas, respectively (Aryal et aI., 

2012; Nawaz, 2007). Habitat fragmentation, the main factor leading to the isolation of 

populations and individuals, has negative genetic and demographic effects (Boitani, 2012). 

Once abundant in northern Pakistan, the Himalayan brown bear has been eliminated from 

most of its former distribution range. This decline may imply a reduction in genetic 

diversity, compromising population survival. There has been an estimated 200-300-fold 

decrease in brown bear population in northern Pakistan during the last 1,000 years, possibly 

due to growing human populations and glaciations. However, despite the presence of a 

bottleneck genetic signature, the population in northern Pakistan has a moderate level of 

genetic diversity and is not at immediate risk of inbreeding depression. Gene flow may 

exist with adjacent populations (Bellemain et aI., 2007). 
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The overall population status of the brown bear throughout its distribution range 

has not yet been determined, although estimates do exist for certain populations. For 

example, in China, brown bears exist as poorly defined populations in the west and 

northeast, with population estimates of 6,000 and 1,000, respectively. In India, the 

estimated population range is SOO- 7S0 individuals (Japan Bear Network, 2006), while in 

Pakistan, information about brown bear distribution and population status is patchy, but 

approximately IS0-200 bears may exist in seven populations in three major mountain 

ranges- Himalayas, Karakorams, and Hindu Kush. Connectivity among these seven 

populations is limited, and some are completely isolated (Nawaz, 2007). All these 

populations are small and decreasing, except for the Deosai population, which is growing 

(Nawaz et aI. , 2008). 

1.3.4 Limited knowledge of human-carnivore interactions 

The human population has increased globally, which has resulted in an increased 

human caused variation of natural landscapes and resource use, which pushes wildlife to 

stay in close vicinity of humans (Ins kip and Zimmermann, 2009). Such circumstances often 

lead to human-wildlife conflict because the actions of humans and their livestock come 

across with those of wild animals (Inskip and Zimmermann, 2009). Human-carnivore 

conflict is a situation associated with the persecution of carnivores, livestock depredation 

and efforts to conserve carnivores (Woodroffe et aI., 200S) . Due to their large spatial 

requirements and sizeable food requirements, large carnivores are especially prone to 

interacting with humans (Linnell et aI. , 2001; Treves and Karanth, 2003). In addition to 

threats, like prey depletion, habitat loss, poaching and fragmentation, which stand to reduce 

the populations of large carnivores, (Cardillo et aI., 2004; Chapron et aI., 2008; Wolf and 

Ripple, 2016), retaliatory ki llings for depredation on livestock are perhaps the most direct 

and widespread threat to their survival (Inskip et aI. , 2014). 

The mitigation of human-predator conflict is challenging. Reliable knowledge of 

the factors involved in livestock depredation is crucial to devising strategies to mitigate 

this conflict (Khanal et aI., 2020). Recently strategies for livestock management to reduce 

killing by predators drew the attention of wildlife managers and herders. However, still 
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lesser importance was given to the various environmental factors affecting such predations 

(Ugarte et aI., 2019). Livestock depredation is the sparking factor of human-carnivore 

conflicts in landscapes used for livelihood production (Loveridge et aI., 2010). Domestic 

animals lose their anti-predator abilities because of living in low-risk areas/human

arbitrated environments, which makes them more vulnerable to predators (Madhusudan 

and Mishra, 2003). 

Large carnivores often do not stay confined to spaces like nature reserves. Instead, 

they move out to search for easy prey like livestock, and sometimes even humans within 

shared spaces-their traits, like low population density, solitary or social hunting, and large 

ranges, facilitate them (Ugarte et aI. , 2019). Many species of predators are involved in 

livestock depredation, including pumas (Puma concolor), jaguars (Panthera onca), and 

foxes (Lycalopex spp.) in Central and South America (Gonzalez et aI., 2012; Palmeira et 

aI., 2008; Soto-Shoender and Main, 2013); bears (Ursus spp.), lynx (Lynx spp.), and wolves 

(Canis lupus) in North America and Europe (Musiani et aI., 2003; Smith et aI., 2014; Thorn 

et aI., 2013), lions (Panthera leo), cheetahs (Acinonyx jubatus) , black-backed jackals 

(Canis mesomelas) , and caracals (Caracal caracal) in Africa (Thorn et aI., 2013; 

Woodroffe and Frank, 2005), and snow leopards (Panthera uncia), common leopards 

(Panthera pardus) , and tigers (Panthra tigris) in Asia (Bagchi and Mishra, 2006; Miller et 

aI., 2015). 

Multiple factors affect the magnitude of livestock depredation by large carnivores, 

including livestock husbandry practices (Kuiper et aI., 2015; Woodroffe et aI., 2007), wild 

prey availability (Odden et aI., 2008), seasonal patterns (Farhadinia et aI., 2017; Johansson 

et aI., 2015), predators' behavioural characteristics (Lucherini et aI., 2018), habitat type 

and structure (Miller et aI., 2015), and predator abundance (Weise et aI., 2018). One ofthe 

major reasons of prey popUlation decline is livestock grazing, which decreases available 

forage (Madhusudan and Mishra, 2003) and increases the risk of disease transmission to 

wild animals (Kaul, 2003), resulting in large carnivores switching their dietary preferences 

from wild prey to domestic prey. However, the role of wild herbivore density in 

determining the extent of livestock predation by carnivores is dubious (Khorozyan et aI., 
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2015; Soofi et al., 2019). Poor livestock management is another important reason for 

livestock killings by predators (Woodroffe et al., 2007). 

Human-predator conflict is poorly studied in Pakistan, and only a few studies have 

described it (Ahmad et al. , 2016; Bibi et al. , 2013; Dar et al., 2009; Din et al. , 2017; Kabir 

et al., 2014) despite the wide prevalence of the issue, particularly in northern Pakistan 

where various large carnivores-snow leopards, common leopards, brown bears, Asiatic 

black bears (Ursus thibetanus), and grey wolves-often come in contact with humans and 

contribute to significant economic losses (Ahmad et al., 2016). All these studies were also 

limited to specific areas, and therefore, do not reflect the overall trends of human-bear 

conflict. The present study is the first-ever covering the whole of northern Pakistan to 

assess human-predator confli cts and factors that shape human attitudes to large predators. 

1.3.5 Emerging technologies to address knowledge gaps about elusive species 

1.3.5.1 Technology 

Different methods have been used for population estimation of large carnivores. These 

include questionnaires, interviews, and sighting reports from local informants (Gittleman 

et al., 2001; Henke and Knowlton, 2005; Mishra et al., 2006). Signs survey is another 

teclu1ique for elusive animals but are subject to observer bias (Long et al., 2007; McCarthy 

et al. , 2008). Track counts can also be used for population estimation of large carnivores 

(Siira et al., 2009). Vocalizations ((Bauer, 2007; DeMatteo et al. , 2004) and spotlight 

counts can be used to record animals' presence and to estimate population size sometime 

(Henke and Knowlton, 2005). Prey biomass method (Karanth et al., 2004; McCarthy et al. , 

2008) and depredation surveys can be used to monitor carnivores' relative densities and 

distribution (Gittleman et al., 2001 ; Linnell et al., 1998). 

Among many teclu1iques used to monitor large predator populations, camera trapping is 

one of the modern and widely used techinique (Agha et al. , 2018; Swann and Perkins, 

2014). It has now become a universal tool in scientific studies related to ecology and 

conservation (Wearn and Glover-Kapfer, 2017). It includes camera trapping in diverse and 

challenging environments like deserts (Alqamy, 2010), high mountain ranges (Jackson et 
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aI. , 2006), dense forests (Ahmad et aI., 2016), and savannahs (Balme et aI., 2010). Camera 

trap studies can be used for multiple ecological investigations, including population size 

and density (Noss et aI., 2012), species presence (Ahmad et aI., 2016), habitat use (Rich et 

aI., 2013), and demographic structure (Karanth et aI., 2011). Camera trapping is an easily 

employable, non-invasive tool that is suitable for detecting elusive and nocturnal species 

(Hossain et aI., 2016). However, it may not be very good at detecting unique individuals 

every species from photos. 

Molecular genetics is another promising technique for identifying individuals from 

the scats and hair of carnivore species. The technique is quite expensive, and a few studies 

have been conducted to date for snow leopards (Hacker et aI., 2021). Fewer studies have 

attempted to estimate densities from genetically identified individuals. A major portion of 

snow leopard distribution range has not been studied with genetic tools, and identification 

through signs and expert opinion is questionable. Methodologies used in population or 

density estimation in genetic studies of snow leopards are mostly non-spatial and lack the 

consideration of spatial variation of study areas. Such studies have reported either minimal 

snow leopard individuals or derived their densities using non-spatial estimators (Aryal et 

ai., 2014; Ferretti et ai., 2014; Janecka et ai., 2008; Kam1acharya et ai., 2011; Suryawanshi 

et aI., 2017). 

The double-observer technique for population estimation was initially developed to 

estimate the detection probabilities of aerial surveys of various species (Cook and 

Jacobson, 1979; Graham and Bell, 1989). It has been found to be applicable to birds 

(Nichols et aI., 2000), bats (Duchamp et aI., 2006), ungulates (Jenkins and Manly, 2008), 

and large rodents (Corlatti et aI., 2015). In general, the technique involves two observers 

searching for and counting animals simultaneously while ensuring they do not cue each 

other to the locations ofthe animals (Suryawanshi et aI. , 2012). It was initially standardized 

by Forsyth and Hickling (1997) to estimate the abundance of the Himalayan tahr 

(Hemitragusjemlahicus) in New Zealand. This survey technique was further modified and 

applied to estimate mountain ungulate populations, e.g., bharal (Pseudois nayaur) and ibex 

(Capra sihirica) (Suryawanshi et aI., 2012). The double-observer survey method is based 

on the principles of mark-recapture theory (Forsyth and Hickling, 1997). A capture history 
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can be built for each observed individual, and data can be analysed in a capture-recapture

like pattern (Williams et ai. , 2002). The method is usually implemented for ungulate 

species population estimation but has also been used in some form for brown bear 

population estimation (Quang and Becker, 1997; Walsh et ai. , 2010). 

1.3.5.2 Methodology advancements 

Estimating densities from camera trap data implies conventional capture-recapture 

closed population models. The models are fit to the capture-recapture history of identified 

individuals to gain abundance, and then the effective study area is calculated to obtain a 

density estimate (Janecka et ai. , 2011; Ma and Xu, 2006; McCarthy et ai., 2008; Sharma et 

ai., 2014; Zhou et ai., 2017). The main issue with conventional capture-recapture model 

was its inability to accommodate detection variability induced by the spatial distribution of 

animals . The new spatially explicit capture-recapture models (SECR) do not need to 

calculate effective area for density estimation, and are quite robust considering the spatial 

aspect of the area (Efford and Fewster, 2013; Royle et ai., 2014). The assumptions ofSECR 

models are that populations under study are geographically closed during survey period, 

the activity centers of individuals are fixed and are randomly distributed, and capture 

detection probabilities are inversely related to the distance from the camera trap (Royle and 

Chandler, 2014). These models perform well enough when studying large-ranging animals 

(Sollmann et ai. , 2012). 

To explore the requirements of speCIes and for conservation projects, the 

significance of species distribution models (SDMs) is increasing (Bosso et ai., 2016; 

Sheehan et ai., 2017; Smeraldo et ai. , 2017). SDMs are used extensively in evolution, 

ecology, biogeography, and conservation biology to overcome research challenges (Guisan 

and Thuiller, 2005). The habitat distribution of wildlife species is assessed through an 

ecological niche model called the maximum entropy (MaxEnt) model (Clements et ai., 

2012; Wilting et ai., 2010). These models are simpler, reliable and allow researchers to 

develop data easily (Merow and Silander, 2014; Radosavljevic and Anderson, 2014). 

Globally, researchers are using the MaxEnt model to understand the habitat distributions 

of rare and endangered wildlife species (Bai et ai., 2018 ; Dai et ai. , 2019; Hameed et ai. , 
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according to the number of connected pathways, and the effective resistance between two 

populations is derived from the overall resistance across all pathways (Kabir et ai., 2017). 

Though Circuitscape is often unable to compute grids larger than 6 million cells because 

of computer memory limitations, (Shah and McRae, 2008) it was suitable for this study 

area. 

Predator species have different pelages and habitat preferences. Therefore, a method 

suitable for one species may not be suitable for other. Habitat utilization by Himalayan 

brown bears is quite different from that of other brown bear species. They generally inhabit 

open and high elevation plateau in Pakistan, India, China, and Central Asia. This habitat 

uniqueness offers different types of opportunities and challenges to monitoring bears. In 

this study, I tested two different approaches-camera trapping and the double-observer 

method- in Deosai National Park (DNP). The aims were to assess their effectiveness for 

brown bear population estimation in an open area and develop recommendations for 

monitoring Asian brown bear populations across their entire distribution range. To test the 

effectiveness of different methods, the population estimation of snow leopards was limited 

to areas considered species strongholds, because the quality and quantity of data required 

for the model was not fulfilling the entire area. Modern statistical models of spatial capture

recapture and double-observer methods were used to obtain reliable estimates on snow 

leopard and brown bear populations. The study focused on snow leopard and brown bear 

strongholds, i.e. , suitable habitats, to produce suitable models. Khunjerab National Park 

and its surroundings were selected to test the method for snow leopard population 

estimation, while DNP and its surroundings were selected for brown bear population 

estimation. 

1.4 AIM AND OBJECTIVES 

I considered snow leopards and brown bears as model apex predators, due to their 

different habitats and foraging preferences. Both species are threatened in Pakistan and 

found throughout GB, Chitral , Swat, Dir, and Kohistan districts ofKP, and Muzaffarabad 

and Neelum districts of AJK. Scientific knowledge of these two species is very limited, 

and does not allow for conservation planning. 
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The overall goal of this study was to fill critical knowledge gaps related to the species' 

distribution, population, and interactions with human populations. The study relied on 

empirical data collected through modern techniques like camera trapping and molecular 

genetics, in combination with advanced analytical methods. The specific objectives were 

to: 

1. Assess the current distribution, habitat suitability and movement corridors of the 

study species, 

2. Estimate the density of the study species in good-quality habitats, 

3. Assess human-predator conflicts and the factors that shape human attitudes to large 

predators. 

1.5 STUDY AREA 

The study focused on the distribution ranges of snow leopards and brown bears in 

Pakistan (Fox, 1989; Roberts and ct'Olanda, 1977) which encompass four high mountain 

ranges-the Himalayas, Karakorams, Pamirs, and Hindu Kush spread across three 

administrative units, i.e. KP, GB, and AJK. The area was comprised of watershed valleys 

based on natural watersheds. Targeting major protected areas and other potentially suitable 

habitats, we surveyed 47 watershed valleys, including 264 villages (Figure l.1) . 

High altitudes and below freezing temperatures constituted the study area, one of the 

most heavily glaciated parts of the world outside the polar regions. The western Himalayan 

range is situated in AJK and GB to the south and east of the Indus River. The Hindu Kush 

rises southwest of the Pamirs. The Karakoram range runs along the borders between three 

countries; in the regions of GB in Pakistan, Ladakh in India, and the Xinjiang region in 

China. They are considered to extend from the Wakhjir Pass at the junctions of the Pamirs 

and Karakorams to the Khawak Pass north of Kabul. The mountains of Pakistan are 

relatively densely populated despite harsh geographic and climatic conditions. 

Nevertheless, the special ecological conditions and remoteness of these mountainous areas 

also support a unique biodiversity of plants and animals . Climatic conditions vary widely 

across the study area, ranging from the monsoon-influenced moist temperate zone in the 

western Himalayas to the semi-arid cold deserts of the northern Karakorams and Hindu 
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Kush. Four vegetation zones can be differentiated along altitudinal ascents: alpine dry 

steppes, subalpine scrub zones, alpine meadows, and permanent snowfields. Various rare 

and endangered animals occur in the study area, including the snow leopard (Panthera 

uncia), grey wolf (Canis lupus), brown bear (Ursus arctos), Asiatic black bear (Ursus 

thibetanus), Himalayan lynx (Lynx lynx), Himalayan ibex (Capra ibex sibirica), blue sheep 

or bharal (Pseudois nayaur), flare-horned markhor (Cfalconeri. cashmirensis), musk deer 

(Moschus chrysogaster), Marco Polo sheep (Ovis ammon polii), Ladakh urial (Ovis vignei), 

Pallas 's cat (Otocolobus manu!), and woolly flying squirrel (Eupetaurus cinereus). 

Ten national parks are situated in the study area. These include Chitral Gol National 

Park, Broghil National Park, Khunjerab National Park, Central Karakoram National Park, 

Deosai National Park, Qurumber National Park, Shandur-Hundrap National Park, 

Machiara National Park, Musk Deer National Park, and Ghamot National Park. 

Figure 1.1. Map of study area showing sampling sites, surveyed villages, and watershed valleys. 

1.6 THESIS STRUCTURE 

This doctoral thesis compnses of nine chapters, arranged in seven independent 

papers (chapters 2-8). Chapter 1 describes the study background and provides a general 
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introduction. Chapters 2-8 provide detailed studies on the objectives of the thesis together 

with the materials and methods used to attain these objectives. Details of the statistical 

computations of the attained data are presented in each chapter, and conclude with 

suggestions and recommendations for the conservation of the species and their habitat. 

Chapter 9 is overall conclusion and future implications. 

Chapter 1 gives a general introduction, study area description, background research and 

study research question, study needs and available information. Main issues with 

conservation of target species, overall goal of the study and specific objectives of the thesis 

are also provided. 

Chapter 2 includes the habitat suitability of snow leopards and their movement corridors 

in Pakistan. It describes various environmental factors influencing snow leopard 

distribution, statistical analysis, study background, snow leopard strongholds, protected 

area coverage, and priority landscapes for snow leopard conservation in Pakistan. The 

findings presented in this chapter have been published (Hameed et aI., 2020). 

Chapter 3 includes the habitat suitability of brown bears and their movement corridors in 

Pakistan. It describes various environmental factors influencing brown bear distribution, 

statistical analysis, study background, brown bear strongholds, protected area coverage, 

and priority areas for brown bear conservation in Pakistan. 

Chapter 4 provides information on human perceptions of brown bears in the Hindu Kush 

range. It covers human-bear interaction, bear occurrence in the Hindu Kush range, public 

perceptions, and economic losses due to bears. The information in this chapter is the first 

of its kind for the Hindu Kush range . The findings presented have been published (Hameed 

et aI., 2021). 

Chapter 5 describes a suitable method for snow leopard population estimation. I collected 

data through camera trapping, and applied a spatial capture-recapture model to estimate 

abundance. It provided snow leopard population estimation in stronghold areas as 

identified through a habitat suitability model. The method is best suited to such data and 

species. 
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Chapter 6 describes a suitable method for brown bear population estimation in Pakistan. 

I collected data tlu'ough camera trapping and the double-observer count method. Both 

methods were compared, and the double observer was found to be more suitable. It 

provided brown bear population estimation in stronghold areas as identified through a 

habitat suitability model. The method is best suited to such data and species. 

Chapter 7 describes human-bear interactions in Deosai National Park and growing threats 

to the species. I collected data via questionnaire surveys. They included brown bear threats 

to communities in the form of livestock killings and the human threat to brown bears in 

term of public perceptions. It also describes livestock grazing pressure in the study area, 

which is another potential threat to brown bears. 

Chapter 8 describes human-bear interactions across northern Pakistan. I included total 

livestock at the village level, livestock mortality due to both predators and diseases, and 

economic losses due to predation and diseases. Human acceptance and fear were observed 

against different factors like livestock mortality, disease, economic loss, landscape, district, 

location, age, education, etc. There were some interesting patterns in human attitudes. 

Chapter 9 includes overall conclusion and future implications of the study. 
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2 Identifying Priority Landscapes for 

Conservation of Snow Leopards in Pakistan 

ABSTRACT 

Pakistan ' s total estimated snow leopard habitat is about 80,000 km2 of which about 

half is considered prime habitat. However, this preliminary demarcation was not always in 

close agreement with the actual distribution-the discrepancy may be huge at the local and 

regional level. Recent technological developments like camera trapping and molecular 

genetics allow for collecting reliable presence records that could be used to construct 

realistic species distribution based on empirical data and advanced mathematical 

approaches like MaxEnt. The current study followed this approach to construct an accurate 

distribution of the species in Pakistan. Moreover, movement corridors, among different 

landscapes, were also identified through circuit theory. The probability of habitat 

suitability, generated from 98 presence points and 11 environmental variables, scored the 

snow leopard 's assumed range in Pakistan, from 0 to 0.97. A large portion of the known 

range represented low-quality habitat, including areas in lower Chitral, Swat, Astore, and 

Kashmir. Conversely, Khunjerab, Misgar, Chapursan, Qurumber, Broghil, and Central 

Karakoram represented high-quality habitats. Variables with higher contributions in the 

MaxEnt model were precipitation during the driest month (34%), annual mean temperature 

(19.5%), mean diurnal range of temperature (9.8%), annual precipitation (9.4%), and river 

density (9.2). The model was validated through receiver operating characteristic (ROC) 

plots and defined thresholds. The average test AUC in Maxent for the replicate runs was 

0.933 while the value of AUC by ROC curve calculated at 0.15 threshold was 1.00. These 

validation tests suggested a good model fit and strong predictive power. 

The cOlmectivity analysis revealed that the population in the Hindukush landscape 

appears to be more connected with the population in Afghanistan as compared to other 

popUlations in Pakistan. Similarly, the Pamir-Karakoram population is better connected 

with China and Tajikistan, while the Himalayan population was connected with the 

population in India. 
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Based on our findings we propose three model landscapes to be considered under the 

Global Snow Leopard Ecosystem Protection Program (GSLEP) agenda as regional priority 

areas, to safeguard the future of the snow leopard in Pakistan and the region. These 

landscapes fall within mountain ranges of the Himalayas, Hindu Kush and Karakoram

Pamir, respectively. We also identified gaps in the existing protected areas network and 

suggest new protected areas in ChitTal and Gilgit-Baltistan to protect critical habitats of 

snow leopard in Pakistan. 

Keywords: snow leopard, speCIes distribution, habitat suitability, movement corridor, 

maxent, circuitscape, model landscape. 
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2.1 INTRODUCTION 

The snow leopard, Panthera uncia, has attained an iconic status worldwide and 

is treated as a flagship species of the Greater Himalayan ecosystem (Alexander et aI. , 

2016). The species is native to the mountain ranges of Central and Southern Asia

some of the world 's most rugged landscapes (Bhatnagar et aI., 2001; Jackson et aI. , 

2008; Network, 2014). It occurs in the Hindu Kush, Karakoram, Altai, Sayan, Tien 

Shan, Kunlun, Pamir, and outer Himalayan ranges, and smaller isolated mountains in 

the Gobi region (Hussain, 2003 ; Nowell and Jackson, 1996; Schaller, 1976). Estimates 

of global range size vary from 1.2 million to over 3 million km2 (Network, 2014) and 

the species is highly threatened throughout its range. A recent study estimated its 

occupied range to be about 2.8 million km2 (McCarthy et aI., 2017), across 12 

countries-Afghanistan, Bhutan, China, India, Kazakhstan, Kyrgyzstan, Mongolia, 

Nepal, Pakistan, Russia, Tajikistan, and Uzbekistan (Fox, 1994; Jackson and Hunter, 

1996; Maheshwari, 2013). The potential range of snow leopard may also extend to 

northern Myanmar, but recent snow leopard presence in this area has not been 

confirmed (Network, 2014) . 

Pakistan's total estimated snow leopard habitat according to Roberts and 

d 'Olanda (1977) range maps is approximately 80,000 km2
, and about half of it is 

considered prime habitat (Fox, 1989). However, this preliminary evaluation of the snow 

leopard's distribution is based on expert judgments, anecdotal information and 

topography. Consequently, these distribution maps are not always in close agreement 

with the actual distribution-the discrepancy may be large at the regional and global 

levels (Fox, 1994). Accurate modelling of the geographic distribution of species is 

crucial for various applications in ecology and conservation (Fourcade et aI., 2014; 

Phillips and Dudik, 2008; Renner and Warton, 2013). Conservationists often need 

precise assessments of species' ranges and cutTent species distribution patterns. 

Furthermore, the range description is essential, but concrete identification of factors 

that restrict distributions is also critical to support conservation management (Yackulic 

et aI. , 2013). 

It is important to be aware of the variables constraining or facilitating species ' 

occurrence to avoid w1der-prediction or over-prediction of its distribution or habitat 

50 



Ecology and Conflict Dynamics of Apex Predators in Northern Pakistan 

suitability (Baldwin, 2009) and much of these data are readily available, in the form of 

digital elevation models (https://www.usgs.gov) and global databases of climate 

(https: //www.worldclim.org), productivity, and human impacts/infrastructure 

(http://www.fao.org) . Ecological niche models (ENMs) and species distribution models 

(SDMs) are increasingly being used to map potential distributions of species (Fourcade 

et a!. , 2014; Peterson, 2006; Syfert et a!., 2013). These models incorporate species 

occurrence data with climatic and environmental variables to develop distribution maps 

of species (Bentlage et a!., 2013) . During this process, the models may also estimate 

species-specific environmental suitability across a given spatial extent (Phillips and 

Dudik, 2008) . Information about species distribution and habitat suitability can in turn 

be used to design scientific surveys and plan conservation interventions (Reddy et a!., 

2015). 

Many models like BIOCLIM, BLOMAPPER, DIVA, DOMAIN, CLIMEX, 

GAM, GLM, and GARP have been used in species distribution modelling (Elith et aI., 

2006; Guisan and Thuiller, 2005 ; Kriticos and Randall , 2001; Phillips et aI., 2004; Sun 

and Liu, 2010), but Maximum Entropy (MaxEnt) model is widely used in habitat 

suitability modeling due to its accuracy, additional descriptive properties (Bai et aI. , 

2018) and better predictive functions (Kumar et a!., 2014). MaxEnt estimates the 

probability of the presence of a species based on occurrence records and randomly 

generates background points by finding the maximum entropy distribution (Phillips et 

a!., 2006; Reddy et a!., 2015). These models can use either presence/absence data or 

presence-only data. The use of presence/absence data in wildlife management and 

biological surveys is widespread (Tyre et aI., 2003). However, species absence data are 

often not available or believed to be too difficult to interpret (Vaclavik and 

Meentemeyer, 2009). Nevertheless, SDMs trained on presence-only data are frequently 

used in ecological research and conservation planning (Bai et a!., 2018; Syfert et aI., 

2013). Presence-based modelling methods only require a set of known occurrences 

together with predictor variables such as topographic, climatic and biogeographic 

variables (Phillips, 2008). 

Connectivity among habitats and populations is another critical factor that 

influences a variety of ecological phenomena, including gene flow, metapopulation 

dynamics, demographic rescue, seed dispersal, infectious disease spread, range 
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expansion, exotic invasion, population persistence, and maintenance of biodiversity 

(Calabrese and Fagan, 2004; Damschen et al., 2006; Fagan and Calabrese, 2010; 

Kareiva and Wennergren, 1995; Moilanen et al., 2005; Moilanen and Nieminen, 2002; 

Ricketts, 2001). Preserving and restoring cOlmectivity is one of the top conservation 

priorities and conservation organizations are devoting substantial resources to 

accomplish these goals (Beier et al., 2006; Kareiva, 2006). A reliable, efficient, and 

process-based approach is required to achieve this objective in complex landscapes. A 

new class of ecological connectivity models based on electrical circuit theory was 

introduced by McRae et al. (2008). Resistance, current and voltage calculated across 

graphs or raster grids can be associated with ecological processes like: individual 

movement and gene flow, that take place across large population networks or 

landscapes. 

Given the multitude of threats to snow leopards and their habitat, it is imperative 

that comprehensive landscape-level conservation strategies be developed that are based 

on reliable information on species survival requirements. A global strategy to safeguard 

snow leopards and the vast ecosystem they inhabit-which includes 12 nations and 

supports 1 billion people- has already been established: The Global Snow Leopard 

Ecosystem Protection Program (GSLEP). Its overall aim was to secure at least 20 snow 

leopard model landscapes across the species' range by 2020 (Zakharenka et al., 2016). 

Under the GSLEP initiative, the selection of model landscapes requires a clear 

understanding of areas that represent the species' prime habitat so that conservation 

efforts in the next decade can focus on securing areas that hold or have the potential to 

hold larger populations; at least 100 breeding age snow leopards. Recent technological 

developments, like camera trapping (Plate 2.1) and molecular genetics, allow for the 

collection of reliable presence records across large spatial expanses that could be used 

to construct realistic species distribution maps. Relying on these technologies, this 

study aimed to support the GSLEP initiative by identifying core habitats and movement 

corridors of snow leopard in Pakistan. 
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Plate 2.1. Photo of an adult snow leopard taken with a camera trap in Hopper-Hisper Valley 
in northern Pakistan during non-invasive surveys in 2016. 

2.2 MATERIALS AND METHODS 

2.2.1 Study Area 

The study focused on the known snow leopard range in Pakistan (Fox, 1989; 

Roberts and d'Olanda), 1977) which encompasses four high mountain ranges, i.e., 

Himalayas, Karakoram, Pamir and Hindu Kush spread across three administrative 

units, i.e. Khyber Pakhtunkhwa (KP), Gilgit-Baltistan (GB), and Azad Jammu and 

Kashmir (AJK). Targeting major protected areas and other potentially suitable habitats, 

I surveyed 20 sites with a collective area of around 31,000 km2 (Figure 2.1). The 

surveyed areas constitute 39% of reported snow leopard habitat in Pakistan (80,000 

km2
) (Figure 2.1) (McCarthy and Chapron, 2003). 

High altitudes and sub-zero temperatures made our study area one of the most 

heavily glaciated parts of the world, outside the Polar Regions. The Western Himalayan 

Range is situated in AJK and GB to the south and east of the Indus River. The 

Hindukush rise southwest of the Pamirs. The Karakoram Range covers the borders 

between three countries in the regions of GB in Pakistan, Ladakh in India, and the 
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Xinjiang region in China. They are considered to extend from the Wakhjir Pass at the 

junctions of the Pamirs and Karakoram to the Khawak Pass north of Kabul. The 

mountains of Pakistan are relatively denser human settlements harsh geographic and 

climatic conditions. Nevertheless, the special ecological conditions and remoteness of 

these mountainous areas also support unique biodiversity of plants and animals. 

Climatic conditions vary widely across the study area, ranging from the monsoon

influenced moist temperate zone in the western Himalayas to the semi-arid cold deserts 

of the northern Karakorum and Hindu Kush. Four vegetation zones can be differentiated 

along with the altitudinal ascents : alpine dry steppes, subalpine scrub zones, alpine 

meadows, and permanent snowfields. Various rare and endangered animals occur in the 

study area, including the snow leopard (Panthera uncia), grey wolf (Canis lupus), 

brown bear (Ursus arctos) , Asiatic black bear (Ursus thibetanus), Himalayan lynx 

(Lynx lynx), Himalayan Ibex (Capra ibex sibirica), blue sheep (Pseudois nayaur) , 

flare-horned markhor (Capra falconeri. cashmirensis), musk deer (Moschus 

chrysogaster) , Marco Polo sheep (Ovis ammon poW), Ladakh urial (Ovis vignei), 

Pallas's cat (Otocolobus manu!) and woolly flying squirrel (Eupetaurus cinereus). 
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Figure 2.1. Map of study area showing sampling sites and mCN range of snow leopard in 

Pakistan. 1 =Chitral Gol National Park, 2=Chitral and Surrounding-Tooshi , 3= Terich, 4= 

Laspur, 5= Phandar, 6= Yarkhun, 7= Broghil National Park, 8= Qurumber National Park, 

9=Chapursan, 10= Misgar, 11 = KVO-Sukhtarabad, 12= Shimshal, 13= Khunjerab National 
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Park, 14= Hoper-Hisper, 15= Basha-Arandu, 16, Deosai National Park and surroundings, 17= 

Kalapani-Astore, 18= Musk Deer National Park, 19= Machiara National Park, 20= Khanbari. 

2.2.2 Data Collection 

Presence records were collected using three methods: camera trapping, sign 

surveys and genetic sampling. Camera trapping is being increasingly adopted for the 

monitoring of shy and rare wildlife (Jackson et aI., 2006; Kabir et aI., 2017; Karanth 

and Nichols, 1998). We deployed 806 camera stations in Chitral Gol National Park 

(CGNP), the buffer areas of CGNP and Tooshi Game Reserve (TGR), Laspur Valley, 

Khunjerab National Park (KNP), Shimshal, Khunjerab Villagers Organization (KVO) 

area, Qurumber National Park, Broghil National Park, Deosai National Park, Yarkhun 

Valley, Misgar, Kalapani-Astore, Musk Deer National Park, Khanbari Valley, Terich 

Valley, Hopper-Hisper, Basha-Arandu and buffer areas of Central Karakoram National 

Park (CKNP), during the period 2006-2017 (Figure 2.1). These cameras remained 

active for 23,133 trap-days in the field with an average of28.7 ± 15.6 (SD) days per 

camera. The camera brands used were CamTrakker™ (Ranger, Watkinsville, GA, 

USA) and ReconyxTM (HC500 HyperfireTM and PC900 HyperfireTM; Reconyx, 

Holmen, Wisconsin, USA). The sites for camera installation were selected near tracks, 

scrapes, scats, and other snow leopard signs. A minimum aerial distance of 1 km was 

kept between the two nearest camera stations. Installation and setup followed guidelines 

provided by Jackson et al. (2006) . Detail of camera station was recorded (APPENDIX 

2.1). The majority of the camera stations were supplied with a different type oflures

castor, skunk, and fish oil-to enhance capture probability (Bischof et aI. , 2014). 

Site Occupancy based sign surveys were conducted in KNP-KVO-Shimshal, 

Qurumber-Broghil national parks, Misgar-Chapursan, Phandar Valley and Basha

Arandu from 2010 to 2017. Each study area was divided into small grids cells of 5 x 5 

km-except in KNP-KVO-Shimshal where we kept grid size to 10 x 10 km on GIS 

maps . Each grid cell (site) was approached by GPS and multiple points were led to 

search the signs for snow leopards. A total of 193 sites with 1,607 repeat survey points 

were searched for signs of snow leopards (Figure 2.1). The presence was detected 

through five types of signs (scrapes, pugmarks, faeces, scent spray, and claw marks). 

However, in tllis analysis, we only included scrapes and pugmarks to confirm snow 
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leopard presence, as these are considered as the most reliable (Elith et al., 2011). All 

the details were recorded on survey sheet (APPENDIX 2.2) 

Faecal samples were collected from 2009 to 2013 during the sign and camera 

trap surveys. We collected over 1,000 faecal samples of all carnivore species (Figure 

2.1) encountered in the field and preserved them in 95% alcohol in 20 ml bottles. The 

details of scats and locations were recorded (APPENDIX 3.3) The DNA extraction was 

performed in Laboratoire d'Ecologie Alpine, Universite Joseph Fourier, France: a 

laboratory dedicated to the extraction of degraded DNA. Total DNA was extracted from 

c. 15 mg of faeces using the DNeasy Blood and Tissue Kit (QIAgen GmbH, Hilden, 

Germany) following the maker's guidelines with a small modification following 

Shehzad et al. (2012b). Blank extractions were performed to scrutinize contamination. 

Species identification was performed through next-generation sequencings (NGS) by 

amplifying DNA extract using primer pair 12SV5F (5' -T AGAACAGGCTCCTCTAG-

3') and l2SV5R (5' - TTAGATACCC CACTATGC-3' targeting about 100-bp of the 

V5 loop of the mitochondrial 12S gene (Kabir et al., 2017; Shehzad et al., 2012b) The 

sequence analysis and taxon assignation were done using OBITools as described in 

Shehzad et al. (2012a, 201 2b) . 

Snow Leopard Foundation signed Memorandum of Understating (MoU) with 

the Provincial Wildlife Departments, which legally allowed for doing research in the 

national parks and other habitats. 

2.2.3 Data Analysis 

We used MaxEnt 3.3.3k (Phillips et al., 2006) to predict snow leopard 

distribution in Pakistan. MaxEnt predicts species distribution, using presence-only data 

and environmental variables, and estimates species' probability distribution by finding 

the probability distribution of maximum entropy, i.e. the most spread out or closest to 

uniform, subject to a set of constraints; mainly the possibility of over-fitting which 

limits the capacity of the model to generalize well to independent data (Phillips et al., 

2006). It is amongst the most popular species distribution modelling methods with more 

than 1,000 published usages since 2005(Fourcade et al., 2014; Merow et al., 2013). 

MaxEnt has also surpassed other methods and exhibited higher predictive accuracy 

(Elith et al., 2006; Summers et al. , 201 2). 
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We used a random seed option and kept 25% of data for random tests-25 

replicates were run with typeset as a subsample. The rest of the settings were kept as 

default, which included a maximum of 10,000 randomly generated background points, 

5,000 maximum iterations with a convergence threshold of 0.00001, and a 

regularization multiplier of 1. 

1. Data Preparation 

We used snow leopard range with an added buffer of30 km to model prediction 

using MaxEnt. All environmental layers were converted to the same size (extent) and 

resolution, i.e. 1 x 1 km. Snow leopard occurrence points were also converted into a 

grid file. All environmental variables and presence points were then converted into 

ASCII files as required by MaxEnt, by using the 'conversion' tool in Arc GIS 10.2. 

Features in Maxent are derived from two types of environmental variables: continuous 

and categorical (Phillips, 2008). 

We considered 28 variables initially (Table 2.1), but removed highly correlated 

variables from the analysis, using Pearson correlation matrix (Booth et aI., 1994). After 

multicollinearity test, 11 environmental variables were retained (r < 0.70), including 4 

bioclimatic variables (bioI, bi02, biol2, and bioI4), distances from the river, roads and 

settlements, slope, ruggedness, soil, and a normalized difference vegetation index 

(NDVI) (Kabir et aI., 2017). Bioclimatic variables were derived from the mean 

temperature, minimum temperature, maximum temperature, and precipitation to 

generate more biologically meaningful variables-these are often used in ecological 

niche modelling. Details of each variable used, and their sources are shown in Table 

2.1 . Records obtained via sign surveys, genetic sampling, and camera trapping were 

screened in SDMtoolbox, a tool of GIS, to remove spatially correlated data points, 

located within 5 km of each other, to guarantee independence (Aryal et aI., 2016; Boria 

et aI. , 2014; Brown, 2014). After this selection, 98 unrelated locations were used in the 

analysis. 

Table 2.1. List of environmental variables used in MaxEnt modelling 

Environmental Interpretation 

variable 

bioI Annual mean temperature 

Source 

http: //www.worldclim .org 
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bio2 Mean diurnal range (mean of monthly [max http: //www.worldclim.org 

temp - min temp]) 

bio3 Isothermality (Bio2/Bio7) (* 100) http: //www.worldclim.org 

bio4 Temperature season ali ty (standard deviation http ://www.worldclim.org 

* 100) 

bioS Max temperature of warmest month http ://www.worldclim.org 

bio6 Min temperature of coldest month http://www.worldclim.org 

bio7 Temperature annual range (bio5 -bio6) http: //www.worldclim .org 

bio8 Mean temperature of wettest quarter http ://www.worldclim.org 

bio9 Mean temperature of driest quarter http: //www.worldclim.org 

biolO Mean temperature of warmest quarter http://www.worldclim.org 

bioI I Mean temperature of coldest quarter http: //www.worldclim .org 

biol 2 Annual precipitation http: //www.worldclim.org 

biol3 Precipitation of wettest month http: //www.worldclim.org 

biol4 Precipitation of driest month http ://www.worldclim .org 

bio 15 Precipitation seasonal ity ( coefficient of http ://www.worldclim .org 

variation) 

biol6 Precipitation of wettest quarter http: //www.worldclim .org 

biol7 Precipitation of driest quarter http ://www.worldclim.org 

biol8 Precipitation of warmest quarter http: //www.worldclim.org 

biol 9 Precipitation of coldest quarter http://www.worldclim.org 

alt e levation above sea level (m) SRTM 

Slope Slope of the area derived from alt in Arc GIS 10.2 

River Density of rivers (m) ca lculated in Arc GIS 10.2 

Road Density of roads (m) calculated in Arc GIS 10.2 

Settlement Density of settlements (m) calculated in Arc GIS 10.2 

ndvi (MODIS) Normalized difference vegetation index NASA : http: //modis-

land.gsfc .nasa.gov/vi.html 

So il Dig ital soil map of the world FAO,2003 

Vrmint Vector ruggedness measure Generated from SRTM 90m DEM 

by the Center for Nature and 

Society, Peking University using 

the Terrain Ruggedness (VRM) 

Tool 

g lc2000 Globallandcover 2000 USGS: 

http ://edcsnsI7.cr. usgs .gov/glcc 
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2. Model Evaluation 

The fit or accuracy of the model should be tested, for every modelling approach, 

to determine its prediction. This can be done in two ways in MaxEnt: 1) through 

receiver operating characteristic (ROe) plots, and 2) through defined thresholds 

(Baldwin, 2009). We used both approaches to determine model accuracy. 

Model robustness is commonly evaluated by area under the curve (AU e) values 

of the ROe (DeLong et ai. , 1988) that range from 0 to l-Aue values in the range 

0.5-0.7 are considered low, 0.7-0.9 moderate, and 0.9-1 high (Franklin, 2010; Shrestha 

and Bawa, 2014). Values close to 0.5 indicate a fit no better than that expected by 

random, while a value of 1.0 indicates a perfect fit. It is also possible to have values 

less than 0.5-this indicates that a model fits worse than random (Engler et aI., 2004). 

It is a graded approach for evaluating model fit that verifies the probability of a presence 

location being graded higher than random background locations that serve as pseudo

absences for all analyses in MaxEnt (Phillips et ai. , 2006). The AUe quantifies the 

significance of this curve, and we used its values to determine model accuracy. Roe is 

a plot of the sensitivity vs. I-specificity over the entire range of threshold values 

between 0 and 1 (Fielding and Bell, 1997). Using this method, the commission and 

omission errors are, therefore, weighted with equal importance for determining model 

performance (Slater and Michael, 2012). 

Another approach entai ls selecting thresholds to determine sites that are 

considered suitable or unsuitable for the species of interest. These thresholds are 

established by maximizing sensitivity while minimizing specificity (Fielding and Bell, 

1997; Phillips et aI. , 2006). The proportion of sites that are precisely categorized as 

suitable locations can be compared to the proportion of unsuitable sites to verify model 

accuracy. We checked our model output against different defined thresholds and 

selected the one with the lowest error. 

Due to the scarcity of snow leopard presence data, it was not possible to get a 

new presence record for model validation. Therefore, presence locations excluded by 

the collinearity model were used for model evaluation along with absence locations . 

Absence locations were obtained in two ways, a) from surveyed sites where snow 

leopards were not detected (214 locations), and b) through 102 locations which were 
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extracted from areas higher than 6,500 m-no-go areas for snow leopards, Although 

using these locations was not ideal but the only option, we had, to get almost confirmed 

absence location from the study area (McCarthy et aI. , 2017) (Figure 2.2), 
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Figure 2.2. Presence (blue) and absence (black) locations of snow leopards used for model 

evaluation, 

2.2.4 Modelling Potential Movement Corridors 

Using the snow leopard suitability map generated by MaxEnt, we also modelled 

for potential movement corridors, This was achieved through Circuitscape 4,0 

(software) (McRae and Shah, 2009), an open-source program that uses circuit theory to 

predict connectivity III heterogeneous landscapes for individual movement. The 

landscape is treated as a conductance surface by Circuitscape, where each pixel 

represents a resistor with an assigned resistance value, Pairwise electrical resistances 

between locations are calculated by running a theoretical electrical current between 

each population pair, with one population being set as the current source and the other 

as the ground (McRae and Shah, 2009), We used Circuitscape because it has not only 

the strength to describe both wildlife movement (Walpole et aI. , 2012) and gene flow 

(McRae and Beier, 2007), but also due to its capacity to describe probabilities of habitat 

connectivity for both small and large-scale landscapes, Circuitscape is based on random 

walks and does not assume that animals disperse according to previous knowledge of 
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the surroundings as other least cost resistance methods do (McRae and Shah, 2009). It 

thus links populations through multiple pathways (McRae and Shah, 2009), such that 

connectivity between habitat patches increases according to the number of connected 

pathways, and the effective resistance between two populations is derived from the 

overall resistance across all pathways (Kabir et aI., 2017). Though Circuitscape is often 

unable to compute grids larger than 6 million cells, because of computer memory 

limitations (Shah and McRae, 2008), but it was fine for our study area. Also, a feature 

of current density maps produced by Circuitscape is that relatively high current is 

produced near the nodes is unwanted when there is no priority to place nodes in a 

particular location (Koen et aI., 2014) but this did not affect our output as we have 

already chosen node locations. 

I used our habitat suitability output as a conductance layer and 38 nodes to run 

movement corridors of snow leopard. These nodes represent different areas where we 

had confirmed snow leopard presence in Pakistan. We limited the number of nodes to 

38 points, which cover all important areas of snow leopard in Pakistan, and not too 

numerous to impart unnecessary complexity in the analysis. The nodes were converted 

into a grid file in Arc GIS 10.2, and both the habitat suitability map (Maxent output) 

and the nodes file were converted into ASCII format to run in Circuitscape model. We 

used the option of conductance instead of resistance because, in our model, higher 

values indicate greater ease of movement and we were interested in generating 

cumulative current maps (Cushman et aI., 2013; Roscioni et aI., 2014; Saura et aI., 

2011). Pairwise modelling mode was used which iterates across all pairs in a focal node. 

We connected the eight neighbouring cells, instead of four, as an average cost (Koen et 

aI.,2014). 

2.3 RESULTS 

Snow leopard detection was low as it was photo-captured in 97 capture events 

at just 60 stations (out of 806 stations) (Fig 2.2). In most of our study areas, there was 

either single capture-Laspur Valley, Qurumber National Park, Musk Deer National 

Park, Terich Valley-or no capture (Broghil National Park, Deosai National Park, 

Yarkhun Valley, etc.). Multiple captures occurred only in the Khunjerab National Park, 

Shimshal, Misgar valleys, Hopper-Hisper and buffer areas of Central Karakoram 

National Park; Basha-Arandu. 
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In sign-based site-occupancy surveys, signs older than ten days were also 

excluded to minimize the risk of misidentification. After this screening, we obtained 

213 locations in different areas with fresh signs-either scrapes or pugmarks, or both. 

Among 1,000 faecal samples, genetic analysis confirmed 111 to be of snow leopards 

scats. Combining all three methods, we obtained 384 (Figure 2.1) confirmed locations 

of snow leopards. These locations were overlapping in some areas where multiple 

surveys were conducted and after removing spatially correlated data points, 98 

unrelated locations were used to generate the current SDM of the snow leopard. 

2.3.1 Range-wide Habitat Suitability 

MaxEnt produced outputs for 25 replicates and averaged them into one model 

along with response curves and AUC. This average model was used for drawing 

inferences about habitat suitability and calculating potential movement corridors. 

The habitat suitability score ranged from 0 to 0.97 across the snow leopard's 

assumed range in Pakistan (Figure 2.3). A large portion of previously known range fell 

in low-quality habitat, including areas in lower Chitral, Swat, Astor and AJK. 

Conversely, KNP, Misgar, Chapursan, Qummber National Park, Broghil National Park, 

and CKNP contained high-quality habitat. 
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Figure 2.3. Habitat suitability of snow leopards in Pakistan, calculated with MaxEnt. 
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2.3.2 Factors Determining Habitat Suitability 

Variables with higher contributions in the MaxEnt model were precipitation of 

driest month (34%), annual mean temperature (19.5%), mean diurnal range of 

temperature (9.8%), annual precipitation (9.4%), and river density (9.2). The 

contribution of other variables included in the model was low (Table 2.2). 

The Jackknife Test of variable importance showed that the environmental 

variable with the highest gain, when used in isolation, is the density of the river, which, 

therefore, appears to have the most useful information by itself. The environmental 

variable that decreased the gain the most when it was omitted was the annual mean 

temperature (bio 1), which, therefore, appears to have the most information that is not 

present in other variables. The values shown are averages over replicate runs. (Figure 

2.4). 

Table 2.2. Estimates of relative contributions of the environmental variables to the Maxent 

model. 

Variable interpretation Percent Permutation 

contribution importance 

bio1 4 Precipitation of driest month 34 7.5 

bioi Annual mean temperature 19 .5 2 l.8 

bio2 Mean diurnal range (mean of monthly 9.8 4.3 

[max temp - min temp]) 

bio 12 Annual precipitation 9.4 6l.8 

nver Density of rivers 9.2 0.2 

road Density of roads 5.6 2.5 

so il So il 5.5 0.9 

vrmint Vector ruggedness measure 5.2 0 .6 

settlement Density of Settlement 0.9 0.3 

slope S lope of the area 0.7 0.1 

ndvi Normalized difference vegetation index 0.2 0.1 
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Figure 2.4. Jackknife test of regularized training gain of variables tested in snow leopard habitat 

suitability model. Blue bar= The gain when the environmental variable is used in isolation, 

Green bar= The gain when the environmental variable is omitted, Red bar= The gain with all 

environmental variables. 

2.3.3 Model Evaluation and Threshold Selection 

MaxEnt performed some basic statistics on the model and calculated an 

averaged AUe for the model. Analysis of omission/commission was done by MaxEnt 

and Figure 2.Sa shows the test omission rate and predicted area as a function of the 

cumulative threshold averaged over the replicate runs. The omission rate should be 

close to the predicted omission because of the definition of the cumulative threshold 

and, in our case, is very close to the predicted one. 
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Figure 2.5. Model evaluations, (a)Averaged omission and predicted area for snow leopard, 

(b) The ROC curve calculated by MaxEnt as averaged sensitivity versus I-specificity for 

snow leopard 
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The ROe curve (Figure 2.5b) for the data were also calculated by MaxEnt, 

again, averaged over the replicate runs. Here, specificity is defined using the predicted 

area rather than true commission (Phillips et aI. , 2006). The average test AUe for the 

replicate runs was 0.933 ± 0.024 (SD). 

Measuring the error of false positive (FP) and false-negative (FN) rates against 

a range of defined thresholds (Figure 2.6), the lowest error was found at a threshold of 

0.15. The binomial map was re-evaluated by plotting presence and absence points and 

it showed that almost all presence points were in suitable habitat areas and absence 

points in unsuitable areas. The values of 235 presence points and 316 absence points 

were extracted from the model and plotted against different thresholds. The value of 

AUe by Roe curve calculated at 0.15 was 1.000; which means our model performed 

very well. 

It was calculated that 235 points were true positives (TPs) and 275 were true 

negatives (TNs), while FPs were 41 and FNs were o. The true positive rate (TPR) was 

calculated at 1.000 while the false positive rate (FPR) was 0.130. Accuracy and 

specificity were calculated at 0.926 and 0.870, respectively, while the positive 

predictive value (PPV) was 0.851 and the negative predictive value (NPV) was 1.000. 

The false discovery rate (FDR) was calculated at 0.149. 
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Figure 2.6. Graph showing the relationship of false negative and false positive rates against 

different thresholds of model prediction. 
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2.3.4 Potential Movement Corridors of the Snow Leopard 

The circuit model (Figure 2.7) revealed an interesting pattern concerning the 

snow leopard's habitat connectivity. The population in the Hindukush landscape 

appears to be more connected with the population in Afghanistan as compared to other 

populations in Pakistan. Similarly, the Pamir-Karakoram population is better connected 

with China and Tajikistan, and the Himalayan population with the population in India. 

We observed that Chitral had weak connections with other areas when we 

examined habitat connectivity in Pakistan. However, the populations of Phandar, 

Laspur Valley, and Yarkhun Valley seemed connected. Interestingly, Broghil National 

Park had a weak connection with its adjacent Qurumber National Park, but had strong 

links with Yarkhun Valley, while Qurumber National Park had strong links with 

Chapursan which is connected to Misgar, which had a strong link with KNP. The 

populations of CKNP and Musk Deer National Park were also shown to be isolated 

from others and the latter did not have any movement corridors close to it. 

Movement Corridors of Snow Leopard 
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Figure 2.7. Potential movement corridors of snow leopards, calculated through Circuitscape, 
between different National Parks in northern Pakistan. Low values represent weak 
connectivity . 
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2.3.5 Protected Areas Coverage in Snow Leopard's Habitat in Pakistan 

Habitat Suitability model was also assessed against current protected area 

coverage (Figure 2.8). Our analysis revealed that most of the suitable habitat of snow 

leopard in Pakistan has already been protected, however, there are some areas like 

Misgar, Chapursan, and Terich that are outside of any declared protected area. 
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Figure 2.8. Overlay of existing national parks on habitat suitability map of snow leopards. 

It was also observed that most of the national parks had weak links in regards 

to the movement of snow leopard across different habitats (Fig 2.8) . Even some 

adjacent protected areas, like Broghil-Qurumber National Parks and Khujerab-Central 

Karakoram National Parks had no or very weak movement corridors of snow leopard 

at their shared borders. 

2.4 DISCUSSION 

Our study yielded the first empirically based inferences on snow leopard's 

distributional patterns and habitat connectivity in Pakistan. We found that the 

distributional range estimated here does not correspond well with the ones described by 

Roberts (1977) and Fox (1989), which is not surprising given the elusive nature of the 

snow leopard and the lack of data available at that time. We recorded snow leopard 

presence using multiple teclmiques, including comparatively modern methods such as 

camera trapping and non-invasive genetic sampling which can be applied efficiently at 

large spatial scales. This allowed us to survey over 31,000 km2 which covered about 

39% of the presumed snow leopard range in Pakistan. The study showed on the one 
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hand that the snow leopard range in Pakistan extends into areas beyond previously 

described distribution of the species (Fox, 1989; Roberts and d'Olanda, 1977) and, on 

the other hand, that some areas previously believed to be part of the range either have 

very low suitability or are unsuitable. 

This study showed that most of the snow leopard habitat in Pakistan is patchy, 

having no or weak links among the patches. Though there are potential movement 

corridors between different areas, e.g., between KNP and CKNP, these are not strong 

enough to be called permanent routes (Figure 2.7). The connectivity model also 

revealed that in some areas, snow leopard possibly favoured movement across borders 

instead of inside Pakistan, e.g. , Broghil National Park had more connectivity to 

Afghanistan than to its adjacent national park, Qurumber National Park. Also, KNP and 

CKNP did not show any cOlmectivity at their shared border, but there is a movement 

corridor between these two parks via Hopper-Hisper valleys through Gojal area. These 

cOlmectivity patterns seem unusual on maps, but other factors like the presence oflarge 

glaciers explain the absence of any movement corridors at the borders of these parks. 

The connectivity model proposed by McRae et ai. (2008) applying electrical circuit 

theory is a useful addition to the approaches available to ecologists and conservation 

planners. Circuit theory can be applied to predict the movement patterns and 

probabilities of successful dispersal or mortality of random walkers moving across 

complex landscapes, to generate measures of connectivity or isolation of habitat 

patches, populations, or protected areas, and to identify important connective elements 

(e.g. , corridors) for conservation planning (McRae et aI., 2008). The establishment of 

movement corridors can offset the negative effects of habitat fragmentation by 

connecting isolated habitat populations or patches (Downes et aI., 1997; Wang et aI., 

2014). Nevertheless, core habitats shall remain a priority for protection as they sustain 

viable populations. Corridors facilitate the movement of animals across larger 

landscapes, particularly through fragmented and less suitable areas, to maintain gene 

flow and connectivity among populations at the regional level. 

Our habitat suitability model was also useful for assessing the effectiveness of 

existing protected areas, specifically national parks in the snow leopard 's habitat. 

Although a substantial proportion of suitable snow leopard habitat in Pakistan falls in 

national parks, there are still many areas that should be considered for inclusion in the 
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protected area's network (Figure 2.8), to safeguard the future of the species. Misgar and 

Chapursan falling between KNP and Qurumber National Park are some of the most 

suitable areas for snow leopards still without protection. Areas on the eastern side of 

CKNP are also not protected. Qurumber National Park is unique in the sense that its 

entire area is favorable for snow leopards. But there should be a new protected area or 

extension of Qurumber National Park on its southern and southwest side. Yasin Valley 

is another important area adjacent to the southern side of Broghil National Park that 

requires protection. The upper part of the Chitral district in KP province is also suitable 

for snow leopards yet in need of protection. 

There are two main limitations to our model. First, no estimates of prey 

population are available, which could have improved model predictions. Secondly, the 

low detection of snow leopard in the majority of the surveyed areas, resulted in scarce 

data, though this is typical for species like snow leopards. 

2.4.1 Management Implications 

The Global Snow Leopard Ecosystem Protection Program (GSLEP) is a joint 

initiative of 12 snow leopard range countries, established to safeguard snow leopards 

and the vast ecosystem. The overall aim of GSLEP is to secure at least 20 snow leopard 

landscapes (SLL) across the cat's range (Phillips, 2008). Among these 20 model 

landscapes, three were proposed in Pakistan. Each SLL is defined as an area that can 

support at least 100 snow leopards of breeding age, has adequate and stable prey 

populations, and has functional connectivity to other snow leopard landscapes, 

including across international boundaries (Phillips, 2008). However, in reality, the 

definition of these landscapes is theoretical, and their boundaries are delineated using 

limited infonnation except for a few areas where empirical data were available. Our 

study allows us to propose three model landscapes to be included in the GSLEP agenda, 

based on habitat suitability of the snow leopards across Pakistan. These are named after 

mountain ranges, they fall in; Himalayas, Karakoram-Pamir and Hindukush (Figure 

2.9) . We also recommend that the Government of Pakistan may establish new national 

parks to protect critical habitats of snow leopards falling in Misgar, Chapursan, and 

Terichmir areas in Gilgit-Baltistan and Chitral. 

The geographic extents (km2
) of three proposed model landscapes are; Himalayas 
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= 7055, Karakoram = 38,245, Hindukush=13,883 . The snow leopard densities reported 

in the past studies range between 0.14-8.7 (average = 2.0) individual per 100 km2 

(Khan, 2019; Suryawanshi et a1. , 2019). Density estimated in one part of the Karakoram 

range is 0.55 animalsllOO km2 (Nawaz et al. , 2020). Though density estimates for the 

proposed landscapes are not available, each landscape is expected to support a sizeable 

population of snow leopards in view of the aforementioned densities from the region. 

All three landscapes also host good populations of prey species. For example, abundant 

prey in the Karakoram landscape is Himalayan ibex, though smaller populations of 

Ladakh urial, markhor and blue sheep are also available. Similarly, the Himalayas 

landscape has populations of ibex and musk deer. Hindu Kush landscape supports 

populations of ibex and markhor. These landscapes also provide connectivity of the 

snow leopards populations with regional populations. For instance, the Himalayas 

landscape provides connectivity with the cat population in India on eastem side and 

connects with the Karakoram in the north-west. The Karakoram landscape provides 

wider connectivity with the populations in China in north and connects to Hindukush 

in the west. The Hindukush provides connectivity with the Central Asian populations 

through Afghanistan and Tajikistan. These factors justify these areas to be model 

Figure 2.9. Recommended model landscapes for adoption under Global Snow Leopard and 
Ecosystem Protection Program (GSLEP). 
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landscapes for snow leopards in Pakistan. 
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APPENDIX 2.1. CAMERA TRAP STATION SHEET 

CAMERA TRAP ST A nON SHEET Set by: 

STATION 

ID 

WATERSHED 

LURE TYPE 

HABITAT 

D skunk + 

fish oil 

Dscrub 

e.g. MISGAR

WSI 
(in immediate surroundings) 

00.000000 
-

N 

E 00.000000 

TERRAIN 

SUBSTRATE 

ELEVATION 

CAMERAID 

STATION VISIT.!J. 

meters Station potential 

i --- --~--.
Sign in buffer area q 

Dridge 

D sand 

Dcastor + 

fish oil 

Dforest 

Dcliffbase 

Dsoil 

Dgood 

SD I DATE I TIME SIGN AT STATION 

- - - --- J 
CARD 

I SETUP 

,-

RE-BAITING 
I 

_L _________ 1 

80 

Dfish oil Dnone 

Dpasture Dbarren Dagric. 

o draw Dvalley Dsaddle Dplateau 

DrockJgravel Dsnow Dvegetation 

Dmedium Dpoor 

Camera Operational NR NEW PHOTOS 

0 0 

YES NO 
- -

0 0 

YES NO 
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APPENDIX 2.2. OCCUPANCY SURVEY SHEET 

Date: Time: I Block In: I Point In: 

_.- -------1 
Elevation: m I 

!- --I 
Latitude:DD.DDOOD I Longitude: DD.DODDD 

Topography: Terrain : I Habitat: ___ _ 

I 
Disturbance: 

Observer(s): 
- 1 

I 
Measurement Substrate 

# Species Sign type Sign age 
(LxD) cm type 

, 
1-

I Notes 

l I ~~ J 
-t---- I 

Key: 

Block 10: From map; e.g.: S-Ol Point 10: Block-IO-Point; e.g.: S-Ol -Ol 

Topography: Ridge, Cliff base, Draw, Valley, Saddle, Plateau 

TelTain: Brokenness Index, (1 -4) 

Habitat: Scrub, Forest, Pasture, Barren, Agriculture/Plantation 

Disturbance: High, Medium, Low, None 

Spec ies : Snow Leopard, Brown Bear, Wolf, Lynx, Ibex, wild ungulate, livestock, etc . 

Sign type: Pugmark, Scrape, Feces, Scent, Claw Rake, Digging. 

Sign age: < I 0 days; < 1 month; > 1 month 
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APPENDIX 2.3. SCAT COLLECTION SHEET 

10: I Species: Location: I Collected by: 
Date: I Grid: Station/Point: I Substrate: 
Latitude (N): 00.000000 Longitude (E): 00.000000 
Habitat: (A) Scrub (B)Forest (C)Pasture (D)Barren (E)Agriculture/Plantation 
Topography: (A) Ridge (B)Cliff base C)Oraw (D)Valley (E)Saddle (F)Plateau 
Disturbance: (A)None (B)Low (C)Medium (E)High 
Scat collected: (A)While in study area (B)In buffer area of camera station (C)ln view of 
camera (O)]n Occupancy Point 
Type: (A)Same day (B)2-3 days old (C One week Old (D)< 1 month (E» 1 month 
Comments: 
ID: I Species: Location: I Collected by: 
Date: J Grid: StationlPoint: I Substrate: 
Latitude (N): 00.000000 Longitude (E): 00.000000 
Habitat: (A) Scrub (B)Forest (C)Pasture (D)Barren {E)Agriculture/Plantation 
Topography: (A)Ridge (B)Cliffbase (C)Oraw (D)Valley (E)Saddle (F)Plateau 
Disturbance: (A) None (B) Low .(C) Medium (E) High 
Scat collected: (A) While in study area (B)ln buffer area of camera station (C)ln view of 
camera (O)ln Occupancy Point 
Type: (A)Same day (B)2-3 days old (C)One week Old (0)< 1 month (E» 1 month 
Comments: 
ID : I Species: L ocation: I Collected by: 
Date: I Grid: StationlPoint: I Substrate: 
Latitude (N): 00.000000 L ongitude (E ): 00.000000 
H abitat: (A)Scrub (B)Forest (C)Pasture (D)Barren 
(E )Agriculture/Plantation 
Topography: (A)Ridge (B)C liff base (C)Draw (D)Valley (E)Saddle 
(F)Plateau 
Disturbance: (A) None (B) Low (C) Medium (E) High 
Scat collected: (A)While in study area (B)In buffer area of camera station (C)In 
view of camera (D)ln Occupancy Point 
Type: (A)Same day (B)2-3 days old (C)One week Old (D)< 1 month (E» 1 
month 
Comments: 
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Ecology and Conflict Dynamics of Apex Predators in Northern Pakistan 

CHAPTER 3 

Habitat Suitability and Movement Corridors of 

Himalayan Brown Bear in Pakistan 
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3 Habitat Suitability and Movement Corridors 

of Himalayan Brown Bear in Pakistan 

ABSTRACT 

The Himalayan brown bear (Ursus arctos isabellinus) is a subspecies of brown 

bear that represents an ancient lineage of the brown bear. In Pakistan, the brown bear 

is listed as a critically endangered species and its distribution is patchy-the species 

survives in seven isolated populations over approximately 150,000 km2 across the 

mountain ranges of the Himalayas, Karakoram, and Hindu Kush, and these populations 

are either completely isolated or weakly connected. Information available on brown 

bear habitat in Pakistan is limited and specific to certain national parks. This study focus 

entire distribution range of the species in Pakistan with the primary objective of 

identifying suitable habitats and movement corridors used by the species. Surveys were 

conducted in 20 different study sites covering an area of about 31,000 km2. Multiple 

survey techniques like camera trapping, visual sightings, site occupancy, and molecular 

genetics were used to obtain data on presence brown bears. A total of 184 brown bear 

presence points were obtained and used to construct realistic species distribution using 

the software MaxEnt. The study followed this approach to construct an accurate 

distribution ofthe species in Pakistan. Moreover, Circuitscape (software) was used, and 

identified movement corridors among different populations . A probability of habitat 

suitability map, generated from 59 presence points and 14 environmental variables, 

scored brown bear assumed range in Pakistan from 0 to 0.92. A large portion of the 

known range represented low-quality habitat, including areas in Swat, Lower Chitral, 

Neelum Valley, Naran-Kaghan, Khanbari, parts of Central Karakoram National Park 

(CKNP), and the surrounding areas of Gilgit. On the other hand, Deosai National Park 

(DNP) and surrounding areas, Khunjerab National Park (KNP), Qurumber National 

Park (QNP), Broghil National Park (BNP), Musk Deer National Park (MDNP), Misgar, 

Chapursan, parts of Astore Valley, Yarkhun Valley, Laspur Valley, and Phandar 

Valley, Kharmang Valley represented high-quality habitats. Variables with higher 

contributions in the MaxEnt model were temperature annual range (bi07) (49.1 %), the 

max temperature of the warmest month (bi05 , 13 .2%), precipitation seasonality (bio15, 

11.6%), and land cover (8%). Factors with the least contribution in determining brown 
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bear habitat suitability were rivers (0.3%), settlements (0.3%), slope (0.9%), mean 

diurnal range (bi02, 1.6%), and roads (1.9%). The model was validated through receiver 

operating characteristic (ROC) plots and defined thresholds. We used both approaches 

to determine model accuracy. The average test AUC in MaxEnt for the replicate runs 

was 0.926 whi le the value of AUC by ROC curve calculated at 0.44 was 1.000. The 

validation tests suggested a good model fit and strong predictive power. The 

connectivity model shows that the population in the Hindu Kush range is isolated. The 

brown bear populations in BNP and QNP ae connected with the population in 

Afghanistan, while the KNP population is connected with China. In the Himalayas, the 

brown bear population had a weak connection with the population in Indian 

Administered Kashmir. Inside Pakistan, the brown bear population in KNP, BNP, QNP, 

Misgar, and Chapursan are connected. The CKNP population is either isolated or 

weakly connected with KNP. The brown bear population in DNP and surrounding areas 

had a connection with that ofMDNP. Based on our findings, most brown bear habitats 

fall with protected areas, but few suitable sites are outside the protected areas . 

Therefore, it is recommended that a few sites outside protected areas, where quality 

brown bear habitat exists, be declared as protected areas to ensure protection and 

conservation. 

Keywords: brown bear, MaxEnt, habitat suitability, protected area, movement 

corridor, Circuitscape. 
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3.1 INTRODUCTION 

The Himalayan brown bear (Ursus arctos isabellinus) is a subspecies of brown 

bear that represents an ancient lineage of the brown bear (Galbreath et aI., 2007; Japan 

Bear Network, 2006). The historical distribution range of the Himalayan brown bear 

extends from the Pamir, Hindu Kush, western Himalayan, western Kunlun, Karakoram, 

Shan, and Tian Shan ranges in southern Asia (Nawaz, 2007; Roberts and d'Olanda, 

1977). The species' global population has not yet been estimated. In Pakistan, 

information about brown bear distribution and population status is patchy. However, 

according to Nawaz (2007), approximately 150-200 bears may survive as seven 

populations over approximately 150,000 km2 in three major mountain ranges

Himalayas, Karakoram and Hindu Kush. Connectivity among these populations IS 

limited, and some are completely isolated (Nawaz, 2007). 

In Pakistan, the presence of brown bears in the western Himalayas has been 

confirmed from several localities, namely Neelum Valley, Kaghan Valley, Nanga 

Parbat, Astore Valley and Deosai Plateau (Ahrnad et aI. , 2016; Nawaz, 2007; Roberts 

and d'Olanda, 1977). Brown bear presence is also recorded from different valleys, 

glaciers, and high meadows in the Pamirs, Karakoram, and Hindu Kush (Roberts and 

d'Olanda.), 1977; Schaller, 1976). The species is also found in Chitral, Kalam 

(Kohistan), Pallas Valley (Indus Kohistan) (Nawaz, 2007; Roberts and d'Olanda, 

1977). In southern Asia, the species exists in small and isolated populations in remote 

and rugged mountainous areas, and it has been declared endangered (Servheen et aI., 

1999). In Pakistan, the species faces many threats, e.g., loss of habitat, climate change, 

growing human population, decline in food supply, increasing number of domestic 

animals, increasing competition with humans and increasing human dependency on 

natural resources (Nawaz, 2007). Due to such threats and decreasing trends in 

popUlation, the brown bear in Pakistan is classified as a critically endangered species 

(Sheikh and Molur, 2005). 

Climate change had significant direct and indirect impacts on terrestrial species 

by being a major cause of speciation and species extirpation (Pound and Salzmann, 

2017). In Central Asia and the Asian Highlands, brown bear distribution is mostly 

limited to higher elevation areas where more pronounced effects of climate change have 
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been reported (Aryal et aI., 2014). The habitat of the Himalayan brown bear is the most 

vulnerable to climate change. In Pakistan, total suitable brown bear habitat is 

approximately 68 ,503 km2
, which is about two percent of total suitable habitat in 

Central Asia and the Asian Highlands (Su et aI., 2018). It is believed that the habitat of 

brown bears in Pakistan is most vulnerable to climate change after India, and suitable 

habitat will shrink to 56,501.30 km2 (17.52% loss) by 2050 (Su et aI. , 2018). However, 

this assessment of brown bear habitat is based on secondary information from past 

studies which were limited to certain areas , and no field efforts were undertaken to 

reach these conclusions. 

The spatial and temporal distribution of species is a fundamental subject of 

ecology. To explore the requirements of species for conservation projects, the 

significance of species distribution models (SDMs) is increasing even more (Bosso et 

aI., 2016; Sheehan et aI. , 2017; Smeraldo et aI., 2017). SDMs are used extensively in 

evolution, ecology, biogeography and conservation biology to overcome research 

challenges (Guisan and Thuiller, 2005). The habitat distribution of wildlife species is 

assessed through an ecological niche model called maximum entropy (MaxEnt) 

(Clements et aI. , 201 2; Wilting et aI. , 2010). These models are uncomplicated, reliable, 

and enable worker to develop data easily (Merow and Silander, 2014; Radosavljevic 

and Anderson, 2014). Globally, researchers are using the MaxEnt model to understand 

the habitat distribution ofrare and endangered wildlife species (Bai et aI. , 2018; Dai et 

aI., 2019; Hameed et aI. , 2020; Kabir et aI. , 2017; Zhang et aI., 2019) . Initially, these 

models were devised to assess the present density of a target species (Phillips et aI., 

2006). In biological surveys and wildlife management, the application of 

presence/absence data are very common, and these models make use of either 

presence/absence data or only presence data (Tyre et aI., 2003). The absence data of 

species is challenging to understand and mostly unavailable (Vaclavik and 

Meentemeyer, 2009). In conservation planning and ecological research, only presence 

data are often applied in SDMs (Bai et aI. , 2018; Syfert et aI., 2013). Modelling methods 

based on presence data just demand some known facts with climatic, biographic, and 

topographic variables (Phillips, 2008). 

MaxEnt is a method with an easy, but accurate mathematical formulation that 

demands only species presence data and environmental variable quantities (Phillips et 
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a!., 2006). For studying rare and endangered species, MaxEnt is an appropriate model 

as it can be operated with a small sample size and minimum means (Pearson et aI., 

2006; Phillips et aI., 2006). One must avoid variables that limit or assist the occurrence 

of species to prevent over-prediction or under-prediction of habitat suitability or 

distribution (Baldwin, 2009), and such data are easily accessible in the form of global 

databases of climate (https: //www.worldclim.org), human impacts/infrastructure and 

productivity (http://www.fao .org) and digital elevation models (https://www.usgs.gov). 

The specific environmental suitability of a species across a given spatial range is 

estimated by the models during this process (Phillips and Dudik, 2008). Useful 

quantitative data on threats, such as .anthropogenic, or resource-wise is offered by such 

models (Guisan and Thuiller, 2005) and supports in detecting conservation urgencies 

(Roscioni et a!. , 2014, 2013). The existing distribution pattern and range size of species 

assist conservationists in making accurate evaluations. For conservation management, 

the information of range description, and particularly those aspects which constrain the 

distribution of a species, is important (Yackulic et aI., 2013). While designing scientific 

surveys and making conservation action plans, information about habitat suitability and 

species distribution can be used (Reddy et a!., 2015). 

Because of mortalities due to anthropogenic activities in human-controlled 

environs and habitat loss and fragmentation, large carnivores are vanishing from their 

historical ranges across many countries (Di Marco et aI. , 2014; Wolf and Ripple, 2016). 

Large carnivores are looking for suitable habitat in neighbouring landscapes and 

dispersal corridors, as existing protected areas, are not enough to hold sustainable 

populations (Crooks et aI., 2011; Di Minin et aI., 2016). Many large carnivore species 

are facing challenges of the use of reliable corridors and habitat patches beyond 

protected areas (Ghoddousi et a!. , 2020). Such a landscape feature, which, without 

facing any major hurdles, links two or more habitat patches or populations to move 

between are called corridors (Tischendorf and Fahrig, 2000). The possible meta

population is preserved by gene flow between local species populations through 

ecological corridors (Huck et a!. , 2010) and helps in the free scattering of individuals 

between local populations (Beier and Noss, 1998). These ecological corridors, by 

enabling gene flow between local populations, reduce deleterious impacts due to 

inbreeding, casual demographic processes and isolation (Christie and Knowles, 201 5). 

Hence, major factors that limit functional connectivity require knowledge of finding 
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useful corridors (Vasudev et aI., 2015). Normally, corridor identification concentrates 

on factors that affect structural connectivity, such as high elevation, roads or harsh 

environment surrounding habitat patches (Kramer-Schadt et aI. , 2013; Tischendorf and 

Fahrig, 2000). 

Minimal information is available on brown bear habitat suitability in Asia and 

Central Asia (Dai et aI., 2019; Ghoddousi et aI. , 2020; Nawaz et aI., 2014; Su et aI. , 

2018). The assessment of available suitable habitat and identification of possible 

movement corridors are of prime importance for developing conservation strategies for 

threatened species. The Himalayan brown bear (Plate 3.1) is a threatened species in 

Pakistan, and only a single study has been conducted so far on its habitat assessment in 

Deosai National Park (DNP) (Nawaz et aI., 2014). Our goal was to identify available 

suitable habitat, the extent of connectivity between populations and climatic and 

topographic factors limiting brown bear distribution across their distribution range in 

Pakistan. 

Plate 3.1. Photo of an adult brown hear taken with a camera trap in Deosai National Park in 
northern Pakistan during non-invasive surveys in 201 2. 
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3.2 MATERIAL AND METHODS 

3.2.1 Study Area 

The present study was focused on the known brown bear distribution range in 

Pakistan which encompasses four high mountain ranges -Hindu Kush, Karakoram, 

Himalayas, and Pamirs- which spread across three administrative units, i.e. Azad 

Jammu and Kashmir (AJK), Gilgit-Baltistan (GB) and Khyber Pakhtunkhwa (KP). A 

total of 20 study sites covering an area of about 31,000 km2 were surveyed, including 

major protected areas and other potentially suitable brown bear habitats (Figure 3.1). 

Climatic conditions vary widely, ranging from the semi-arid cold deserts of the 

northern Karakorams and Hindu Kush to the monsoon-influenced moist temperate zone 

in the western Himalayas (Jacobose, 1993). Their high altitudes and sub-zero 

temperatures make our study area one of the most heavily glaciated parts of the world 

outside the polar regions. The western Himalayan range is situated in GB and AJK to 

the south and east of the Indus River. The Hindu Kush rises southwest of the Pamirs. 

The Karakoram range covers the borders between three countries in the Xinjiang region 

of China, GB in Pakistan, and Ladakh in India. They are considered to extend from the 

Wakhjir Pass at the junctions of the Pamirs and Karakorams to the Khawak Pass north 

of Kabul (Hameed et aI. , 2020). Four vegetation zones can be differentiated along with 

the altitudinal ascents: subalpine scrub zones, alpine meadows, alpine dry steppes, and 

permanent snowfields (Kabir et aI., 2017). Various rare and endangered animals occur 

in the study area, including the grey wolf (Canis lupus) , brown bear (Ursus arctos), 

Asiatic black bear (Ursus thibetanus), Himalayan lynx (Lynx lynx), Pallas's cat 

(Otocolobus manu!), snow leopard (Panthera uncia), flare-horned markhor (Capra 

falconeri cashmirensis), musk deer (Moschus chrysogaster), Marco Polo sheep (Ovis 

ammon polii) , Himalayan ibex (Capra ibex sibirica), etc. 
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Figure 3.1. Map of study area showing sampling sites and IUCN range of Himalayan brown 

bear in Pakistan. I=Chitral Gol National Park, 2=Chitral and Surrounding-Tooshi, 3= Terich, 

4= Laspur, 5= Phandar, 6= Yarkhun, 7= Broghil National Park, 8= Qurumber National Park, 

9=Chapursan, 10= Misgar, 11= KVO-Sukhtarabad, 12= Shimshal, 13= Khunjerab National 

Park, 14= Hoper-Hisper, 15= Basha-Arandu, 16, Deosai National Park and surroundings, 17= 

Kalapani-Astore, 18= Musk Deer National Park, 19= Machiara National Park, 20= Khanbari. 

3.2.2 Data Collection Techniques 

3.2.2.1 Camera Trapping 

In the present study, the camera was deployed at a total of 834 camera stations 

in different study sites, including Qurumber National Park (QNP), Deosai National Park 

(DNP), Khunjerab National Park (KNP), Broghil National Park (BNP), buffer areas of 

Central Karakoram National Park (CKNP) and Margalla Hills National Park (MHNP), 

Musk Deer National Park (MDNP), Chitral Gol National Park (CGNP), the buffer areas 

ofCGNP, Tooshi Game Reserve (TGR), Khanbari Valley, Basha, and Arandu Valley, 

Misgar Valley, Kalapani-Astore, Hoper-HisperVaUeys, Khunjerab Villagers 

Organization (KVO), Shimshal Valley, Terich Valley, Laspur Valley, and Yarkhun 

Valley during the period 2006-2017. A single motion-triggered digital camera with 

infrared flash (HC500IPC900 , Reconyx, Holmen, WI, USA) was deployed at each 

location on a steel pole (about 50 cm) driven into the ground, and the two nearest 
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cameras were separated by a spatial distance of at least 1 km (Figure 3.1). Installation 

and set-up followed guidelines provided by Jackson et al. (2006) . The majority of the 

camera stations were supplied with different types of lures--castor, skunk, and fish 

oil- to enhance capture probability (Ahmad et aI. , 2016; Kabir et aI. , 2017). Camera 

traps were set to take consecutive images (l-s picture interval) when triggered and were 

typically kept active at a given location for 10-40 days (Bischof et aI., 2014). 

3.2. 2.2 Double Observer Method 

The double-observer survey for brown bears was conducted in DNP only, 

during 2012. The treeless vegetation in Deosai and relatively gentle terrain allow a good 

visibility, which helps locate bears from a longer distance (2-3 km) and permits 

following them even without technology. This allows a direct count of bears, a method 

that had been used in annual census of bears during 1994-2006 (Nawaz et aI., 2008). 

In Deosai brown bears are morphologically recognizable (Nawaz et al. 2008) due to 

following factors: 

o Color variation: Four pelage colors were identifiable; blonde, silveliip, light 

brown and dark brown. Individuals generally darkened with age, and females 

were usually lighter, in colour, than males. 

o White patches: Many individuals had characteristic white patches. These 

patches are variable; some individuals had a white snout and others white ear 

tips. White oval patches on the shoulders were relatively common, but their 

sizes were variable. 

o Size: Brown bears are sexually size dimorphic, adult females in Deosai have a 

mass of 60-80 kg, adult males 120-150 kg, and sub-adult males 50-60 kg. 

The park area was divided into 45 blocks, based on major watersheds and roads 

to implement the double-observer method (SUlyawanshi et aI. , 2012). Surveys were 

conducted from 25-August to o I-September 2012 because whole area was accessible, 

and chances of bear sighting were better. Out of 45 blocks, the brown bear counting 

was conducted in 27 blocks through the double-observer method. Our survey team was 

divided into two groups of observers, group A and group B, who were asked to maintain 

temporal distance throughout the survey without cueing each other-they were 

separated by a distance of 1-2 km. Both observers groups recorded the sightings along 
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with other relevant information about size, sex, habitat and disturbance (Appendix 3.1). 

On return from the survey, both teams tallied their observations and developed capture

recapture histories. Captures and recaptures were marked as 'Is' and 'Os' on the sheet. 

If an animal or group was sighted by both observers, it was marked as '11', or '10' or 

'01' if it was missed by either of the observers. 

3.2.2.3 Scat Sample Collection Survey 

Faecal samples were collected from 2009 to 2013 during the sign and camera 

trap surveys. The faecal samples survey was conducted in Machiara National Park 

(MNP), MDNP, KNP, BNP, QNP, DNP, Yarkhun, Laspur, Chapursan, and Misgar. All 

of the study sites were divided into 5 x 5 km blocks, except KVO, KNP, and Shimshal 

(10 x 10 km). Surveys points were randomly selected within each grid cell, and a 50-m 

radius around each point was searched for brown bear scats (Kabir et ai., 2017). A total 

of 1,736 points within the study area were searched. The areas around camera trap 

locations were also searched for brown bear scats. The locations of scats found during 

tracking along livestock trails and manmade tracks were also recorded. Brown bear 

scats are easily identifiable in the field, so genetic base identification was not performed 

in the laboratory. 

3.2.2.4 Site Occupancy Survey 

During the period 2010-2017, site occupancy-based sign surveys were 

conducted in KNP-QNP, BNP, Phandar Valley, KVO-Shimshal, Misgar-Chapursan, 

and Basha-Arandu. The study sites were divided into grids of equal size (5 x 5 km) 

except in KNP-KVO-Shimshal where grid size was kept lO x 10 km. Multiple points 

were selected in each grid and were searched for signs of brown bears. A total of 193 

sites with 1,607 repeat survey points were searched for signs of brown bears (Figure 

3.1). Presence was detected through three types of signs--<ien, scat, and claw marks. 

However, in this analysis, only scat points were used. 

3.2.3 Data Analysis 

A maximum entropy SDM was used (Phillips and Dudik, 2008; Su et ai., 2018) 

to map the current distribution of brown bears in the study area. MaxEnt is a widely 
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used tool (Aryal et ai. , 2016; Gomes et ai., 2018; Ma and Sun, 2018) for modelling 

species distributions using presence data and various environmental parameters 

(Kramer-Schadt et ai. , 2013). The use of presence-only is recommended when absence 

data have a high degree of uncertainty relative to presence data, which is especially true 

when detection rates are poor (Subba et ai., 2017). It is amongst the most popular SDM 

methods with more than 1,000 published usages since 2005 (Fourcade et ai., 2014). 

MaxEnt has also surpassed other methods and exhibited higher predictive accuracy 

(Summers et aI., 2012). The parameters of the MaxEnt model were set to 25% for 

random test percentage with typeset as a subsample. The rest of the settings were kept 

as default, which included a maximum of 10,000 randomly generated background 

points, a maximum of 5,000 iterations with a convergence threshold of 0.00001, and a 

regularization multiplier of 1. A total of 25 replicates were run and cross-validated 

(Phillips et ai. , 2006; Vedel-S0rensen et aI. , 2013). Percentage contribution was used to 

estimate the importance of variables. The logistic results of MaxEnt were regarded as 

the probability of species occurrence, with values ranging from 0 to 1. A threshold value 

was used to distinguish between suitable and unsuitable regions. 

3.2. 3.1 Data Preparation 

We used brown bear distribution range in Pakistan as a study area and added a 

30-km buffer area to the model using MaxEnt. Initially, a set of 29 variables were 

considered for the habitat suitability analysis (Table 3.1). These variables included 19 

bioclimatic variables, including slope, ruggedness, elevation, soil, land cover, 

normalized difference vegetation index (NDVI), glaciers, distance to rivers, distance to 

roads, and distance to settlements. The 19 bioclimatic factors (at 1-km resolution) under 

current (average for 1970- 2000) were extracted from the WorldClim database 

(http://www.worldclim.org/version2) (Dai et aI., 2019). Land cover was obtained from 

the Global Land Cover 2000 (available from https://lta.cr.usgs.gov/glcc/globdoc2_0). 

Altitude was derived from the ASTER GDEM V2 digital elevation model (at 30-m 

resolution; http://www.gscloud.cnJ) (Dai et ai., 2020). We prepared slope layers using 

a digital elevation model (DEM) layer using ArcGIS (Su et ai. , 2018). Glacier data were 

obtained from PANGAEA (https ://doi .orgIl0.1594/PANGAEA.894707) (Molg et ai. , 

2018). Distances from rivers, roads, and settlements were prepared using the density 
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tool under the spatial analyst tool in ArcGIS. Ruggedness (SRTM 90m DEM) and 

NDVI were obtained from NASA (http://modis-land.gsfc.nasa.gov/vi.html). 

All variables (climate and non-climate) were resampled to 1-krn resolution and 

unified in a projection coordinate system (WGS_1984) and extent in ArcGIS 10.8 

(Hameed et aI. , 2020). Before the MaxEnt analysis, all variables of the same resolution, 

projection, and extent were converted into ASCII files using a conversion tool (raster 

to ASCII) in ArcG IS 10.8 as a MaxEnt requirement. Pearson's correlation test in 

Programme R (R Core Team, 2019) was run before the MaxEnt analysis to remove 

variables that were highly correlated (r > 0.70) (Booth et aI., 1994). After the Pearson 

collinearity test, a total of 14 variables were retained for the final analysis in MaxEnt. 

The final variable used in the MaxEnt analysis included six bioclimatic variables 

(bio15 , bio13, bi07, bi05, bio13 , and bi02), distances from roads, river, and slope, 

ruggedness, NDVI, glaciers, soi l, land cover, and settlements (Table 3.1). Brown bear 

presence point data were saved in an MS Excel spreadsheet in CSV format. The 

presence records (184 locations) obtained through the sign survey and camera trapping 

in different sites of the study area were screened in SDMtoolbox in ArcGIS to remove 

those located at a distance of less than 5 krn (Kabir et aI., 2017; Hameed et ai. , 2020). 

After spatial autocorrelation, a total of 59 umelated presence points were left for the 

habitat suitability analysis. 

Table 3.1 List of environmenta l variab les used in MaxEnt modelling. 

Environmental Interpretation Source 

variable 

bioI V2.I Annual mean temperature http: //www.worldclim.org 

bio2 V2 .I Mean diurnal range (mean of http: //www.worldclim.org 

monthly [max temp - min temp]) 

bio3 V2 .I Isothermality (Bio2/Bio7) (* 100) http ://www .worldclim.org 

bio4 V2.l Temperature Seasonality (standard http: //www.worldclim.org 

deviation * 1 00) 

bio5 V2 .I Max Temperature of Warmest http: //www.worldclim.org 

Month 

bio6 V2 .I Min Temperature of Coldest Month http: //www.worldclim.org 

bio7 V2 .1 Temperature Annual Range (Bio5- http: //www.worldclim.org 

Bio6) 
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bio8 V2 .l Mean Temperature of Wettest http: //www.worldclim .org 

Quarter 

bio9 V2 . l Mean Temperature of Driest Quarter http ://www.worldclim .org 

bio lO V2.1 Mean Temperature of Warmest http://www.worldclim.org 

Quarter 

bioI I V2.1 Mean Temperature of Coldest http ://www.worldc lim .org 

QUaiter 

biol2 V2.1 Annual precip itat ion http://www.worldclim .org 

biol3 V2.1 Prec ipitat ion of Wettest Month http://www.worldclim .org 

bio14V2. 1 Prec ipitation of dri est month http: //www.worldclim.org 

biol 5V2.l Prec ipitation Seasonality http://www.worldclim.org 

(Coefficient of Variation) 

bio 16 V2 .1 Precipitat ion of Wettest Quarter http://www.worldclim .org 

bio17V2.1 Prec ipitation of Driest Quarter http://www.worldclim.org 

biol8 V2. 1 Precipitat ion of Warmest Quarter http://www.worldclim .org 

biol9 V2.1 Precipitat ion of Coldest Quarter http://www.worldclim .org 

Glacier Glaciers in the area https ://doi.org/ 10.1594/PANGAEA.894707 

Slope The slope of the area derived from alt in Arc GIS 10.2 

Elevation elevation above sea leve l (m) SRTM 

Settl ement The density of settlements (m) ca lcu lated in Arc GIS 10.2 

River The density of ri vers (m) ca lculated in Arc GIS 10.2 

Road The density of roads (m) ca lcu lated in Arc GIS 10.2 

NDVI Normalized difference vegetation NASA: http://modis-

(MODIS) index land.gsfc.nasa.gov/vi.html 

Vrmint Vector ruggedness measure Generated from SRTM 90m DEM by the 

Center for Nature and Society, Peking 

University using the Terrain Ruggedness 

(VRM) Tool 

glc2000 Global land cover 2000 USGS : http://edcsnsI7.cr.usgs .gov/glcc 

Soil Dig ital so il map of the world FAO, 2003 

3.2.4 Model Evaluation 

The fit or accuracy of the model should be tested for every modelling approach 

to determine its prediction. This can be done in two ways in MaxEnt: 1) through an area 

under the receiver operating characteristic curve (AUC) of the receiver operator 

characteristic (ROC) curve (Bai et aI. , 2018; Roura-Pascual et ai., 2009) and 2) through 

defined thresholds (Baldwin, 2009). 
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The results of the MaxEnt model were verified by ROC values: values ranged 

from 0 to 1, with those closer to 1 indicating a more accurate model (Araujo et aI., 2005; 

Phillips et aI. , 2006) . A model is rejected with a ROC value 0.5-0.6; poor with 0.6-0.7; 

normal with 0.7-0.8; good with 0.8-0.9; and excellent with 0.9-1.0 (Bai et aI., 2018). 

Another approach entails selecting thresholds to determine sites that are 

considered suitable or unsuitable for the species of interest. These thresholds are 

established by maximizing sensitivity while minimizing specificity (Fielding and Bell, 

1997; Phillips et aI. , 2006). The proportion of sites that are precisely categorized as 

suitable locations can be compared to the proportion of unsuitable sites to verify model 

accuracy. We checked our model output against different defined thresholds and 

selected the one with the lowest error. 

Due to the scarcity of brown bear presence data, it was not possible to obtain a 

new presence record for model validation. Therefore, presence locations excluded by 

the collinearity model were used for model evaluation along with absence locations. 

Absence locations were obtained in two ways, a) through 29 locations which were 

extracted from areas higher than 6,500 m (upper elevation limit) b) from surveyed sites 

where brown bears were not detected (60 locations). Although using these locations 

was not ideal, it was the only option for obtaining an almost confirmed absence 

locations from the study area (Figure 3.2). 

3.2.5 Modelling Potential Movement Corridors 

In recent years, a new use of graph models to understand habitat cOlmectivity has 

emerged that conceptualizes a landscape akin to an electrical circuit, with each cell in 

a raster grid presenting a given "resistance" to the movement of modelled organisms 

(Koen et aI. , 2012; McRae BI-I, 2006). Foremost among these is the framework 

implemented in the Circuitscape programme (McRae et a!. , 2008; McRae and Shah, 

2009), which has reshaped the science and capacity for estimating and understanding 

landscape connectivity. Using the brown bear suitability map generated by MaxEnt, 

potential movement corridors were also modelled. This was achieved through 

Circuitscape 4.0 (software) (McRae and Shah, 2009), an open-source programme that 

uses circuit theory to predict cOlmectivity in heterogeneous landscapes for individual 

movement. 
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Figure 3,2. Presence and absence locations of brown bear used for model evaluation. 

Circuitscape was used in this analysis because it has not only the strength to 

describe both wildlife movement (Walpole et al. , 2012) and gene flow (McRae and 

Beier, 2007) but also due to its capacity to describe probabilities of habitat connectivity 

for both small and large-scale landscapes. Circuitscape is based on random walks 

(McRae and Shah, 2009), such that connectivity between habitats patches increases 

according to the number of connected pathways, and the effective resistance between 

two populations is derived from the overall resistance across all pathways (Kabir et al. , 

2017). 

Habitat suitability output was used as a conductance layer and 38 nodes to run 

movement corridors of brown bears (Hameed et al. , 2020). We used nodes to represent 

different areas where we had confirmed brown bear presence in Pakistan. We limited 

the number of nodes to 38 points, covering all impOliant brown bear areas in Pakistan 

to avoid any complexity. We converted the nodes into a grid file in Arc GIS 10.8. Both 

the habitat suitability map (created by MaxEnt) and the nodes file were converted into 

ASCII format for a Circuitscape model nm (Kabir et al. , 2017). We used the option of 

conductance instead of resistance because, in our model, higher values indicate greater 

ease of movement and we were interested in generating cumulative and maximum 

current maps (Cushman et al. , 2013 ; Roscioni et al. , 2014). We used pairwise modelling 

98 



,Ecology and Contlict Dynamics of Apex Predators in Northern Pakistan 

mode, which iterates across all pairs in a focal node tile. We connected the eight 

neighbouring cells, instead offoLlr, as an average cost (Koen et a!. , 2014). 

3.3 RESULTS 

During the survey, brown bear presence was confirmed 184 locations across the 

distribution range through camera trapping, sign base occupancy surveys and direct 

sightings. The brown bear was photo-captured at 29 different camera stations in 

different study sites. Mostly, brown bears were photo-captured in protected areas (QNP, 

BNP, DNP, KNP). Brown bear sightings were recorded at 26 locations in DNP during 

the double-observer survey (Figure 3.1). 

In sign-based site-occupancy surveys, signs older than ten days were excluded 

to minimize the risk of misidentification, and we retained 129 signs or scats locations. 

Most of the collected scats were from DNP and KNP. These locations were overlapping 

in some areas where multiple surveys were conducted, and after removing spatially 

correlated data points, 59 unrelated locations were used to generate the current 

distribution model. 

3.3.1 Range-wide Habitat Suitability 

The habitat suitability analysis of the brown bear run in MaxEnt produced 

outputs for 25 replicates and averaged them into a single model along with response 

curves and areas lmder the curve (AUC). The habitat suitability score calculated by 

MaxEnt ranged from 0 to 0.92 across the IUCN-declared brown bear range in Pakistan 

(Figure 3.3). The mean AUC value of 0.92 indicated that the habitat suitability estimate 

obtained from MaxEnt was excellent. The interpretation of habitat suitability and 

possible movement corridor of brown bears in Pakistan was performed using this 

average model. 

A major portion of the IUCN-declared range of brown bears in Pakistan falls in 

low-quality habitat. Major areas of low-quality habitat include Naran-Kaghan Valley, 

Swat, Lower Chitral, Khanbari area, Gilgit and surrounding areas, and parts ofNeelum 

Valley. On the other hand, high-quality habitat based on the MaxEnt prediction 

included DNP, KNP, QNP, BNP, Hopper-Hisper, Misgar, and Chapursan (Figure 3.3). 
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Figure 3.3. Brown bear habitat suitability in Pakistan, calculated with MaxEnt. 

3.3.2 Factors Determining Habitat Suitability 

Several climatic and non-climatic factors contributed to brown bear habitat 

suitability in the present analysis. Variables with higher contributions in the MaxEnt 

model were temperature annual range (bio 7) that contributed 49.1 %. This was followed 

by the max temperature of the warmest month (bi05, 13.2%), precipitation seasonality 

(bioI5, 11.6%), and land cover (8%). Factors with the least contribution in determining 

habitat suitability were rivers (0.3%), settlements (0.3%), slope (0.9%), mean diurnal 

range (bi02, 1.6%), and roads (1.9%) (Table 3.2). The NDVI contribution was zero. 

The Jackknife test of variable importance showed that the environmental 

variable with the highest gain, when used in isolation, was bi07, which, therefore, 

appeared to have the most useful information by itself. The environmental variable that 

decreases the gain the most when it was omitted was bi07, which, therefore, appeared 

to have the most information that was not present in the other variables. Values shown 

are averages over replicate runs (Figure 3.4). 

Table 3.2. Estimates of relative contributions of the environmental variables to the Maxent 

model. 

Variable Interpretation 

100 

Percent 

contribution 

Permutation 

importance 
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bio7 

bioS 

bio15 

glc2000 

soil 

bio13 

vrmint 

glaciers 

road 

bio2 

slope 

settlement 

river 

ndvi 

blo13 

bl015 

blo2 

blo5 

bl07 

glaciers 

glc2000 

ndvl 

I' rive 

road 

t settlemen 

slope 

II so 

vl'mln t 

Temperature annual range 49.1 

Max temperature of the warmest month 13 .2 

Precipitation seasonality 11.6 

Land cover 8 

Soil 3.9 

Precipitation of wettest month 3.8 

Vector ruggedness measure 2.8 

Glaciers in the area 2.7 

Density of roads 1.9 

Mean diurnal range (Mean of monthly 1.6 

(max temp - min temp)) 

The slope of the area 0.9 

Density of Settlement 0.3 

Density of rivers 0.3 

Normalized difference vegetation 0.0 
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Figure 3,4, Jackknife test of variables in regularized training gain for brown bear in MaxEnt. 

The gain. of variables tested in brown bear habitat suitability model. Blue bal= the gain when 
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the environmental variable is used in isolation, Green bal= the gain when the environmental 

variable is omitted, Red bar- the gain with all environmental variables. 

3.3.3 Model Evaluation and Threshold Selection 

Some basic statistics were performed on the model by MaxEnt, and an average 

AUe for the model was calculated. An analysis of omission/commission showed the 

test omission rate and predicted area as a function of the cumulative threshold, averaged 

over the replicate runs (Figure 3.5a). The omission rate should be close to the predicted 

omission because of the definition of the cumulative threshold and, in our case, was 

very close to the predicted one. 

MaxEnt also calculated the ROe curve for the same data, again averaged over 

the replicate runs (Figure 3 .5b). The specificity was defined using predicted area rather 

than true commission. The average test Aue for the replicate runs was 0.926 ± 0.026 

(SD). 

The lowest error was recorded at a threshold of 0.05 while measuring the error 

of false-negative (FN) and false positive (FP) rates against a range of defined thresholds 

(Figure 3.6). By plotting the absence and presence points, the binomial map was 

reassessed. The location of points on the map showed that all absence points fell in the 

area unsuitable for brown bears, while the presence points fell in a suitable area. 
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Figure 3.5 Model evaluations, (a) Predicted area and averaged omission for brown bear, (b) 

The ROC curve calculated by MaxEnt as I-specificity vs averaged sensitivity fo r brown bear. 
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The values of 44 absence and 35 presence locations were extracted from the 

model and plotted against different thresholds. The value of AVC by ROC curve 

calculated at 0.44 was 1.000- which means our model performed very well. It was 

calculated that 34 points were true positives (TPs) and 43 were true negatives (TNs), 

while FPs were 1 and FN s were 1. The true positive rate (TPR) was calculated at 0.971 , 

while the false positive rate (FPR) was 0.023. Accuracy and specificity were calculated 

at 0.975 and 0.977, respectively, while the positive predictive value (PPV) was found 

to be 0.971 , and the negative predictive value (NPV) was 0.977. The false discovery 

rate (FDR) was calculated at 0.029. 
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Figure 3.6. Relationship of False Positive and False Negative rates against different thresholds 

of the model prediction. 

3.3.4 Potential Movement Corridors of the Brown Bear 

The Circuitscape analysis showed the brown bear habitat connectivity pattern 

(Figure 3.8). The population of brown bears in the Pamir-Karakoram range is connected 

with the population of China and Afghanistan. The Hindu Kush population is isolated 

and has no connection with any other population. The Himalayan population has a weak 

connection with the population oflndian Administered Kashmir. 

Inside Pakistan, the population of Laspur Valley, Yarkhun Valley, and Phandar 

Valley in the Hindu Kush are strongly connected, but this population is completely 
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isolated and has no connection with any other brown bear population in Pakistan. The 

population of BNP has a strong connection with QNP, while the KNP population is 

strongly connected with the Chipurson and Misgar populations. In CKNP, the 

population of Hoper-His per has a connection with the population ofBasha-Arandu, but 

this population has a very poor cOlmection with the brown bear population in the upper 

part of the Karakorams (KNP, Chapursan, and Misgar). The population of DNP has a 

moderate connection with that ofMDNP in Neelum Valley in the Himalayan region of 

Pakistan. 

3.3.5 Protected Areas Coverage in Brown Bear Habitat in Pakistan 

The habitat suitability model for the brown bear was also assessed against 

current protected area coverage in northern Pakistan. Our analysis revealed that most 

of the suitable brown bear habitat fell within protected areas (DNP, KNP, QNP, BNP, 

MDNP, and CKNP). However, there are some areas like Astore Valley, Laspur Valley, 

Yarkhun Valley, Phandar Valley, Kharmang Valley, Misgar Valley, and Chapursan 

Valley that are outside protected areas (Figure 3.7). 
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Figure 3.7. Overlay of existing national parks on habitat suitability map of brown bears. 
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The Circuitscape analysis also showed that most of the brown bear population 

within protected areas had either no connection or very poor connection. The population 

of DNP had no connection with CKNP and had very weak movement corridors with 

that of MDNP. Similarly, the CKNP population had no connection with that of KNP 

(Figure 3.8). 
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Figure 3.8. Potential movement corridors of brown bear, calculated through Circuitscape, 

between different National Parks in northern Pakistan. Low values represent weak connectivity. 

3.4 DISCUSSION 

This study was conducted at 20 different sites (31,000 km2
) across brown bear 

distribution range within Pakistan, covering 23.28% of the distribution range, adding a 

30-km buffer area that included potential areas through which brown bears might move 

(Hameed et aI. , 2020). Various survey techniques, like camera trapping, site occupancy 

surveys, scat collection surveys and double-observer survey methods were used. Brown 

bear presence was confirmed at 184 locations in different study sites. The present study 

is the first study in Pakistan to document brown bear distribution (in Pakistan) based on 

habitat suitability analysis, as only a single study exists before this on suitable habitat 

for brown bears in DNP (Nawaz et aI., 2014). Su et al. (2018) carried out a habitat 

suitability analysis for the brown bears of Central Asia and the Asian Highlands, and 

document a suitable area of 68,503 km2 within Pakistan. The current study revealed 
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that the area of suitable habitat in Pakistan is about 58,424.56 krn2 which is less than 

China (2,259,810 krn2
) and India (141,002 km2) while greater than Afghanistan 

(47,474.70 kt11
2
). Furthermore, Su et al. (2018) study showed suitable habitat in the 

Hindu Kush range, while Nawaz (2007) showed that the species is rare in the Hindu 

Kush and extirpated from a large pmt of Chitral district (Hameed et al. , 2021 in press). 

For example, it has been wiped out from CGNP and surrounding areas (Mirza, 2003). 

Additionally, Su et al.'s (2018) study showed the Siachen glacier as suitable habitat for 

brown bear but this is not possible because this glacier is one of the largest and there is 

no available food for brown bears. In comparison to the IUCN distribution range of 

brown bears in Pakistan, the present analysis shows that much of the previous brown 

bear distribution area is either low suitability or completely unsuitable. 

Many populations of brown bear are now isolated and of conservation concern, 

particularly in the southern parts of their distribution range (McLellan et al. , 2017). In 

many parts of the brown bear distribution range, the phylogeography has been studied 

comprehensively (Hirata et al. , 2013), but information about population status in 

Central Asia is very little, and many of these populations are further fragmented into 

several other small populations and listed as critically endangered by the IUCN 

(McLellan et al., 2017). This study shows that brown bears in Pakistan are distributed 

in Hindu Kush, Himalayas, Karakoram and Pamir ranges, and some populations are 

either completely isolated, like the populations in the Hindu Kush range and Himalayan 

ranges, or have very poor connectivity (Nawaz, 2007), e.g., the population of CKNP 

has poor connectivity with KNP and surrounding areas. On the other hand, a few 

populations like QNP and BNP have well-connected corridors, and these populations 

are also connected with KNP and surrounding areas. 

Habitat loss and fragmentation are significant threats to the persistence of 

wildlife populations because they can decrease the functional connectivity of the 

landscape (Goodwin and Fahrig, 2002). Low functional connectivity can result in small 

isolated populations that have an increased risk of extinction because of inbreeding 

depression, demographic stochasticity and reduced opportunities for rescue (Keller and 

Waller, 2002; O'Grady et al. , 2006). Thus, identifying and protecting landscapes with 

high functional connectivity could have substantial conservation benefits. Circuit 

theory can be applied to predict the movement patterns and probabilities of successful 
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dispersal or mortality of random walkers movmg across complex landscapes, to 

generate measures of connectivity or isolation of habitat patches, populations, or 

protected areas, and to identify important connective elements (e.g., corridors) for 

conservation planning (McRae et aI., 2008). The establishment of movement corridors 

can offset the negative effects of habitat fragmentation by connecting isolated habitat 

populations or patches (Wang et aI. , 2014). Nevertheless, core habitats remain a priority 

for protection as they sustain viable populations. Corridors facilitate the movement of 

animals across larger landscapes, particularly through fragmented and less suitable 

areas, to maintain gene flow and connectivity among populations at the regional level. 

The connectivity models show that brown bears in some areas favour movement 

across the border, e.g., the population of BNP and QNP had connected with 

Afghanistan. Similarly, the population of KNP had connectivity with China, but the 

population of these areas is also interconnected. Also, KNP and CKNP did not show 

any connectivity at their shared border, but there is a weak movement cOlTidor between 

these two parks. These connectivity patterns appear unusual on maps, but other factors 

like the presence of large glaciers explain the absence of any movement corridors at the 

borders of these parks. 

Our habitat suitability model was also useful for assessing the effectiveness of 

existing protected areas, specifically national parks in brown bear habitat. The habitat 

suitability analysis shows that most of the highly suitable habitats of brown bears are 

within protected areas (DNP, MDNP, KNP, CKNP, QBP, and BNP), but some outside 

protected areas, e.g., Astore Valley, Yarkhun Valley, Laspur Valley, Phandar Valley, 

Kharmang Valley, Misgar Valley, and Chapursan valley, are also highly suitable. Any 

loss to suitable brown bear habitat may result in moving bears out of suitable habitat, 

and such movement may increase human-bear interaction and bear mortality (Su et aI., 

2018). Recently, the Government of Pakistan declared two areas in the brown bear 

range as protected areas- the Himalaya National Park and Nanga Parbat National Park, 

covering an area of about 3,600 km2
. Proper management and protection in these two 

parks will help protect brown bear habitat, particularly in Astore Valley. There are still 

many areas that should be considered for inclusion in the protected areas network, e.g. , 

Misgar and Chapursan, Yarkhun Valley, Laspur Valley, and Phandar Valley to 

safeguard the future of the species. Misgar and Chapursan are within two national parks 
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(KNP and QNP), but both valleys are unprotected (Hameed et aI., 2020). Similarly, 

Shandur Handarab National Park is under proposal, and ifit is declared a national park, 

it will safeguard highly suitable brown bear habitat in Yarkhun Valley, Laspur Valley, 

and Phandar Valley. 

There are two mam constraints m present brown bear habitat suitability 

modelling. First, the low number presence of brown bears in the majority of areas due 

to their sparse distribution and their rarity throughout the landscape. Second, the non

availability of data about the estimation of its prey. 

3.4.1 Management Implications 

This study is the first on the habitat suitability of threatened brown bears across 

their distribution using multiple survey tec1miques. Many isolated brown bears have 

been identified across the Hindu Kush, Himalayan, and Karakoram ranges in Pakistan. 

Most suitable brown bear habitat occurs inside protected areas like DNP, KNP, QNP, 

and BNP. However, this assessment identified some suitable habitats and important 

movement corridors outside protected areas that need to be protected. Based on this, it 

is recommended that the Misghar and Chipurson valleys be included in the list of 

protected areas and that the proposed Shandur Handarab National Park be given the 

status of a protected area. This will help protect highly suitable brown bear habitat in 

Yarkhun Valley, Laspur Valley, and Phandar Valley. 
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APPENDIX 3.1 

BEAR SIGHTING SHEET 

,-
i Form 
, , , 
I 

Ref: 

(Block ID) (Team) 
\__ _ _________________________________ 1 

Block ID _______ Locality : ___ ___ Date _____ Time ___________ _ 

Team I A I B I Observer (s) Observation di stance (m) 

N 00.000000 E 00.000 0 00 

Numbers Observed Size Sex 

C2 -I 
1 

S M L 

Pelage Color: o Blonde o Sil ver-tip o Light brown o Dark brown 

White Patches Present Location of patch if present 

I i ! 

I 
I 

o Yes I 0 No o Snout I o Ear tips I o Shoulder o Neck i o other i 
Description of white patches, if present : . ... .. ......... .. ... ... .. .. . ......... . .... .. . ......... .... .... ... .. .. . ......... . 

Activity on sighting: o Grazing o Digging o Walking o Resting 

o Mating o Nursing o Other 

Wind: o Light o Moderate o Strong 

Cloud cover: 00% 020% 050% 0 2:80% 

Habitat: o Marshy o Grassy o Stony o Rocky 

Identification and Group Relat ionships: 

Comments: 

Si/c: S = Small. M = Medlulll. L = L:lI'ge 

Sex: ivl = Male. I: = F('male. Y=Cny (Birth ol'this year). C1 = I year old Cub. C2= 2 y(,3r old Cub, C3= J 

year old Cub. U = LJllid('ntili cd 
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Ecology and Conflicts Dynamics of Apex Predators in Northern Pal{istan 

CHAPTER 4 

Human Perceptions about the Himalayan 

Brown Bear and other Carnivores in Chitral 

district in the Hindu Kush Range, Pakistan 
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4 Human Perceptions about the Himalayan 

Brown Bear and other Carnivores in Chitral 

district in the Hindu Kush Range, Pakistan 

ABSTRACT 

The Himalayan brown bear (Ursus arctos isabellinus) historically occupied the 

vast mountain ranges of South and Central Asia. Their range has shrunken significantly 

in the past century and they currently live in small and isolated populations. Most of 

their range has not been surveyed; hence information on their distribution is largely 

based on anecdotal information and expert judgments. The present study investigated 

the species' CUlTent distribution in the Hindu Kush Range in Pakistan, gathering 

information on human-brown bear conflict along with other large carnivore species in 

the study area. Multiple survey techniques-questionnaire surveys, sign surveys and 

camera trapping-were used during the period 2008-2010 in five study blocks 

delineated on natural watersheds in Pakistan's Chitral district. Based on questionnaire 

surveys, sign surveys and direct sighting, Himalayan brown bear presence was 

confirmed only in the Yarkhun and Laspur valleys. Ninety-six respondents (59 from 

Laspur Valley and 37 from Broghil Valley) reported a total of 449 livestock losses (90 

heads per year) to carnivore species-grey wolf (Canis lupus), snow leopard (Panthera 

pardus), Himalayan lynx (Lynx lynx isabellinus)-during the five-year (2005-2009) 

period, which translated into an economic loss of USD 34,297 (PKR 2,931,022); USD 

357 (PKR 30,531) per household. Himalayan brown bear was not accounted for any 

livestock loss. Though the public was seen to be strongly against large carnivores, 

brown bear was considered 'less dangerous'. Despite limited conflict with humans, 

brown bear has lost a large part of its historical range in the Hindu Kush Range. The 

species is confined to the eastern valleys where it is maintaining connectivity with 

brown bear in Gilgit-Baltistan towards the east and with Afghan populations towards 

the west. 

Keywords: Himalayan brown bear, Ursus arctos isabellinus, Grey wolf, Snow 

leopard, Himalayan lynx, Chitral, Conflict, Livestock loss, Perception, Carnivores. 
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4.1 INTRODUCTION 

The Himalayan brown bear (Ursus arctos isabellinus) is a subspecies that 

represents an ancient lineage of the brown bear (Galbreath et aI., 2007). The brown bear 

historically occupied the western Himalayas, Karakoram, Hindu Kush, Pamirs, western 

Kunlun Shan, and the Tian Shan ranges in South and Central Asia (Nawaz, 2008). In 

Pakistan, approximately 150-200 bears may survive in seven populations over 

approximately 150,000 km2 across three provinces/states-Khyber Pakhtunkhwa (KP), 

Gilgit-Baltistan (GB), and Azad Jammu and Kashmir (AJK) - (Nawaz, 2007). In KP, 

this species is distributed in Chitral, Kalam (Kohistan), Pallas Valley (Indus Kohistan) 

and Kaghan Valley (Nawaz, 2007; Roberts and d'Olanda), 1977). Chitral district, with 

an area of 14,850 km2
, provides the largest habitat in KP and marks the western 

extremity of the brown bear range in Pakistan. It is the high mountainous dry temperate 

area of the Hindu Kush Range that connects to brown bear habitat in Afghanistan 

towards the west (Nawaz, 2007), GB in the east, and a narrow strip of the Wakhan 

Corridor separating Chitral from Tajikistan in the North (Result, 2015). Brown bear 

presence has been reported from Trich Mil' Valley (Schaller, 1976), Torkhow Valley 

and Yarkhun Valley in Chitral (Fulton, 1903; Nawaz, 2007; Schaller, 1976). However, 

the species is rare in the Hindu Kush Range (Nawaz, 2007) and extirpated from a large 

part of Chitral district. For example, it has been wiped out from Chitral Gol National 

Park and surrounding areas (Mirza, 2003). 

Growing human population, expanding infrastructure, loss of habitat, increasing 

number of domestic animals, declines in food supply, climate change and increasing 

human dependence on natural resources are primary reasons contributing to a persistent 

decline in brown bear population in Pakistan. Unmanaged and growing tourism also 

contributes to population decline (Nawaz, 2007) by exposing pristine habitats to human 

movement, hoteling, camping and littering. Other threats include killing bears for their 

organs for regional or international trade in medicine, shooting out of excitement

people consider them harmful (Sheikh and Molur, 2005)-and capturing cubs to train 

for dancing and even bear-baiting (Roberts and d'Olanda), 1977). These threats exist 

tlu'oughout its distribution range in all three administrative divisions. The brown bear 

in Pakistan is, therefore, a Critically Endangered species in the Red List of Pakistan 
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Mammals (Sheikh and Molur, 2005) even though globally it is considered as Least 

Concern. 

Human-carnivore conflict is a serious problem worldwide, and a primary driver 

of carnivore population declines (Broekhuis et al., 2017; Woodroffe et al., 2009). 

Various large carnivore species'-tiger (Panthera tigris), Mexican wolf (Canis lupus 

baileyii) and African lion (Panthera leo)-populations are decreasing due to such 

conflict (Michalski et al., 2006). Worldwide, human-carnivore conflict increases with 

the expansion of human populations (Naughton-Treves et al., 2003; Woodroffe, 2000), 

a dynamic that often results in local carnivore extinctions (Woodroffe, 2000). Human

carnivore conflict is complex and difficult to handle because of many factors, including 

livestock depredation and associated economic losses, religious values and the 

monetary value of wild animals' bones and body parts (Dickman, 2010). 

Large carnivores constitute a naturally rare, ecologically important and 

increasingly threatened group of mammals (Estes et al. , 2011; Ripple et al., 2014) that 

provide emotional, recreational and cultural benefits to society (Kellert et al., 1996). 

Facilitating coexistence between humans and carnivores is a global conservation and 

management challenge (Dickman et al. , 2011; Treves et al. , 2006). The complexity in 

resolving human-wildlife conflict arises from the presence of multi-predator systems

mitigation strategies tend to be species-specific. Documenting the nature and 

distribution of such conflicts is an important step towards ensuring that subsequent 

management and mitigation efforts are appropriately targeted (Morehouse and Boyce, 

2017) . 

Conflict between humans and bears has drawn less attention than that of other 

large carnivores like felids (Macdonald et al., 2011) and canids (Macdonald and Sillero

Zubiri, 2004). Human-brown bear conflict occurs as a result of crop and beehive 

damage, livestock depredation and even human injuries and death and a gradually 

diminishing public tolerance for bears (Can et al. , 2014; Qashqaei et al. , 2014; Rigg et 

al. , 2011). Human-brown bear conflicts are increasing in areas where bears are 

expanding into private lands bordering their areas of occurrence e.g. national parks, 

posing a threat to livestock and people. 
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Pastoral communities living near large carnivores tend to fall in the lowest 

income categories. Having to bear significant economic losses, people have a low 

to lerance for carnivores, their conservation, and the conservation of non-conflict 

species (Linkie et ai., 2007). People's responses depend on tolerance levels (Frank et 

ai. , 2005) and they may resort to direct action using poison, hunting, or shooting. 

Human-brown bear conflict is a significant issue in northern Pakistan, but there 

are very few studies describing such conflict despite wide prevalence. In Chitral district, 

for instance, no study has ever been conducted to gain an understanding of the nature 

and magnitude of human-bear conflict (or other human-carnivore connection) and 

develop suitable conservation plans. Brown bears have been reported from Chitral 

(Nawaz, 2007; Roberts and d'Olanda), 1977), but there have been no recorded scientific 

studies from Chitral to confirm bear occurrence, distribution, population trends and 

magnitude of conflict with humans as the area is remote and logistically challenging. 

This study was carried out in five valleys of Chitral district with two main objectives, 

i) updating brown bear distribution in the area and ii) evaluating the nature of human

brown bear conflict and the perceptions oflocal people. Alongside human bear conflict, 

we also documented human interaction with other carnivores of the study area. 

4.2 MATERIAL AND METHODS 

4.2. 1 Study Area 

Chitral Valley provides ideal growing conditions for at least 64 endemic plant 

species, 45 mammalian species, 195 bird species and 28 reptilian species (NWFP and 

IUCN Pakistan, 2004).The study area was selected based on the brown bear' s potential 

distribution range in Chitral district and was divided into five blocks based on major 

watersheds viz., Chitral Gol National Park (CGNP) and surrounding areas (Tooshi 

Game Reserve (TGR), Koghozi Gol and Gaherate Gol), Mastuj Valley, Yarkhun 

Valley, Laspur Valley and Torkhow Valley, covering an area of2504 km2 (Figure 4.1). 

The weather in the study area is extremely harsh and cold in the winter but pleasant in 

the summer. Average summer temperatures range from 25 to 40DC but drop below ODC 

in winter. The study area is outside the monsoon range and receives very little rainfall 

during summer. Winter precipitation occurs in the form of snow (Shah et ai. , 2013) . 

The topography is represented by highly rugged and steep mountains that provide 
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habitat for large numbers of flora and fauna. Dominant plant species include Quercus 

baloot, Pinus gerardiana, Juniperus excelsa, Juniperus communis, Betula utilis, Salix 

spp., Populus spp., Ephedra spp., Abies pindrow, Picea smithiana, Viburnum spp., 

Tamarix spp. , Rosa webbiana, Ephedra spp., and Artemisia spp. (MACP, 2001). 

Mammalian species found in the study area are snow leopard (Panthera uncia), 

common leopard (Panthera pardus), Himalayan lynx (Felis lynx isabellinus), leopard 

cat (Prionailurus bengalensis), grey wolf (Canis lupus), red fox (Vulpes vulpes) , 

Asiatic jackal (Canis aureus), Asiatic black bear (Ursus thibetanus), brown bear, stone 

marten (Martes foina), Kashmir flare-horned markhor (Capra falconeri falconeri), 

Siberian ibex (Capra ibex sibirica), Ladakh urial (Ovis vignei vignei), and the long

tailed marmot (Marmota caudata). 
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Figure 4.1. Map of Study Chitral showing study sites. 

4.2.2 Survey Techniques 

Afghanistan 

Giigit·Baltistan 

Multi1?le survey techniques were used during 2008-2010 to determine the 

brown bear's status and its conflict with locals in the study area. 
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4.2.2.1 Questionnaire Surveys 

Human-carnivore conflict surveys were carried out in communities in Laspur 

Valley, Torkhow Valley, Yarkhun Valley, and Mastuj Valley during 2009-2010. Semi

structured questionnaire was used for interviews (Appendix 4.1). A total of 206 local 

people were interviewed about human-carnivore conflict (Table 4.1). The largest 

number (60) was interviewed in Mastuj Valley followed by 59 from three villages 

(Raman, Balim and Sor Laspur) in Laspur Valley, 37 from Rech and Ujnu villages in 

Torkhow Valley, 13 in Yarkhun Valley (various villages) and 37 in all the villages of 

Broghil. 

Heads of households/adults were interviewed to gather information about the 

presence of brown bear and other carnivores, sightings, livestock depredation by 

carnivores, and perceptions about brown bear and other carnivores over the past five 

years (2005-2009). Questionnaire-based sighting reports were used to determine the 

presence-absence and human conflict between brown bears and other carnivores in the 

study area. 

4. 2.2.2 Sign Surveys 

Sign surveys were conducted in potential brown bear habitat in Chitral. Seven 

sign surveys were conducted in six different areas of Chitral during the period 

September 200S- July 2010. These were conducted in three study blocks-CGNP and 

its surroundings (TGR, Koghozi Gol and Gaherate Gol), Laspur Valley and Yarkhun 

Valley (Table 4.1). In Yarkhun Valley, the sign surveys were carried out in 2010, while 

in Laspur Valley, sign surveys were conducted in both 2009 and 2010. Only Bashqar 

Gol was surveyed in the 2009 while the Phargram Gol, Bashqar Gol and Shandur areas 

of the valleys were surveyed in 2010. Random points were selected in the study area 

and a line transect of unequal length was walked at each sampling site. A total of 97 

transects of79.1 km were walked at different sampling sites (Table 4.1). The average 

length of the transect was 0.S2 ±0.21 (SD) km and the length of the transect depended 

on topography and habitat type. 

Information like GPS position, location, date, elevation and observer name were 

noted on transect survey forms at the starting point of each transect. Transects were 
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walked slowly by 1-2 persons, searching for signs of brown bear on either side of the 

transect route. Whenever a sign was found, information like its location on GPS, type 

of sign (old or fresh) and substrate type was noted. Signs of other mammalian carnivore 

species found in the areas were also recorded. The above-mentioned information was 

noted on the survey form at the end point. Information about dominant topography of 

transect, primary habitat type, grazing status, ruggedness and overall aspect of the 

transect were also recorded. 

4.2.2.3 Camera Trapping 

Camera trapping is being used increasingly for the conservation and monitoring 

of elusive and rare wildlife species (Jackson et aI., 2006). It is extensively used to 

investigate the abundance, density, diversity and habitat utilization of wildlife species 

(Soisalo and Cavalcanti, 2006). Camera trapping studies were conducted in different 

areas of Chitral district from September 2008 to July 2010 with the aim of obtaining a 

brown bear photo-capture record. The study area included CGNP, TGR, Laspur Valley 

and Yarkhlill Valley (Table 4.1). A total of 134 motion-triggered cameras (6 Reconyx, 

128 Cam TrakkerTM Ranger, Wattkinsville, GA, USA) were installed for 164 days at 

different locations of the study area. Cameras were placed in rock piles or on metal 

poles approximately 45-50cm above the ground. 

Camera traps were positioned along possible carl11vore travelling routes, 

including sharp ridgelines, near scrapes, cliff bases, rock faces, and along animal trails 

and paths to maximize capture success. The camera direction was either faced directly 

up or down to anticipate travel in order to obtain close-up photographs of the face for 

quick identification. They generally faced north or south to avoid direct sunlight 

(Alm1ad et aI., 2016). All vegetation in front of cameras was removed to avoid false 

triggers. Cameras and infrared sensors were concealed and covered to protect against 

the weather (Jackson et a!. , 2006). This system can be set for delays of 20 seconds to 

45 minutes between pictures, and for day, night, or continuous operation. All camera 

batteries and memory cards were checked, on weekly basis, and replaced as needed. 

The number of trap-days was calculated for each camera location from the time of 

mounting to the time of retrieval (Johnson et a!. , 2006). 
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Table 4.1. Summary of data co llected using multiple methods in Chitral district, 2008-2010 

Questionnaire Survey 

SNO Study Area No. a/Household 

Laspur Valley 

2 Torkhow Valley 

3 Yarkhun Valley 

4 Mastuj Valley 

5 Broghil 

Tota l 5 

Sign Survey 

SNO Study Area 

CONP 

2 TOR 

3 Koghozi 001 

4 Oahirait 001 

5 Laspur Vall ey 

6 Laspur Vall ey 

7 Yarkhun Valley 

Total 7 

Camera Trapping 

S NO Study Study Site 

2 

3 

4 

5 

6 

Total 

Area 

CONP 

CONP 

TOR 

TOR 

Laspur 

Valley 

Yarkhun 

Valley 

6 

4.3 RESULTS 

40 

20 

20 

20 

20 

14 

/34 

59 

37 

13 

60 

37 

206 

Study Site 

2 1 

6 

8 

8 

32 

9 

13 

/05 

4.3.1 Distribution Pattern 

Year 

2008 

2009 

2009 

2009 

20 10 

2010 

Year 

2009-10 

2009 

2009 

2009- 10 

2010 

Year Total Transect Mean 

Length (km) Transect 

Length (km) 

2008-09 18.76 0.89 

2008-09 5:09 0.84 

2008-09 7.39 0.92 

2008-09 10.38 1.29 

2010 19 0.59 

2009 8.06 0.89 

2010 10.54 0.81 

79.22 0.89 

Installed Camera Study Duration 

Duration 

56 Sep--Oct 2008 

28 Oct-Nov 2009 

28 Apr-09 

28 Dec-09 

30 May 24-June 22, 20 I 0 

14 Jul- IO 

/84 

Questionnaire surveys and sign surveys in different valleys of Chitral district 

confirmed brown bear presence in the eastern part of Chitral district only. Surveys 

conducted in CGNP and surrounding areas (TGR, Gaherate Gol and Koghozi Gol) did 

not provide any recent evidence of species occurrence. Based on questionnaire survey, 
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only a single individual was reported brown bear presence in Torkhow Valley. 

Questionnaire surveys and sign surveys conducted in the other two study blocks

Laspur Valley and Yarkhun Valley (Broghil)- provided strong evidence of presence 

(Table 4.2). 

Table 4.2 Evidence of brown bear presence in different valleys of the study area based on 

different types of survey techniques used in different pal1s of the study area, 2008-2010. 

StudySile Type a/Survey Date and duration Evidence 0/ the brown bear presence 

Yarkhun Valley Questionnaire Ju ly 2010, 1 month 5 sightings 

survey 

Laspur Vall ey Questionnaire 2009-2010, Iyear 17 sightings 

survey 

Torkhow Valley Questionnaire July 2009, 3months One sighting from the northern part of 

survey the valley 

Yarkhun Valley Sign survey July 2010, 10days Four scats, pugmarks, and one sighting 

Laspur Valley Sign survey May- June 2010, Four scats, fresh tracks, pugmarks, and 

1 month one sighting 

Laspur Vall ey Sign survey August 2009 One old scat 

(8ashqar Go l) 

4.3.2 Status in Laspur Valley 

Based on questionnaire surveys in Laspur Valley, 29% (17) of local people 

confirmed brown bear sightings in the valley (Table 4.2). These sighting reported that 

adults were accompanied by cubs which was a sign of animal reproductive activity in 

the area. 

Based on public sighting reports, two sign surveys were conducted at different 

sites of Laspur Valley to confirm brown bear presence. A sign survey was conducted 

in one sub-valley (Bashqar Gol) of Laspur Valley in August 2009. Line transects of 

unequal length were walked and brown bear signs were searched along the transects. 

Only one old brown bear scat was observed along 8.06 km transect length. Average 

length of the transect walked in Bashqar Gol during 2009 was 0.89 km (Table 4.2). 

A second sign survey was conducted in June 2010 in Bashqar Gol, Phargram 

Gol and Shandur sub-valleys to obtain information about brown bears in the area. Only 

one fresh brown bear scat was recorded during 8 km transect walk in Bashqar Gol (Plate 

4.l a). Moreover, a brown bear was directly sighted in the area (Plate 4.1 b). No signs of 
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brown bear were observed in 4.8 Ian transects (average length=0.59 Ian) in Phargram 

Gol (Table 4.1) . 

The third study site in Laspur Valley was Shandur where sign surveys were conducted 

in June 2010. Sixteen transects with 9.17 (average length=0.76 Ian) were walked (Table 

4.1) and four scats (both fresh and old), two fresh tracks, and pugmarks of the brown 

bear were observed (Plate 4.1 c and 4.1 d). Local people recorded a mobile phone video 

of brown bears visiting garbage sites in Laspur Valley and the Shandur Plateau in 2019. 

~bear scat In Bashqar Gol 

C. Brown bear pugmark in Shandur 

Plate 4.1. Photographs from filed surveys. 

4.3 .3 Status in Yarkhun Valley 

b. Brown bear sighting In ~ Valley (~Gol) on June 

22, 2010 (photo by Shoaib Hameed) 

d. Brown bear pugmarks in Shandur 

Some 39% of local people (5) ofYarkhun Valley reported brown bear sightings 

in the past five years CTable 4.2). Sign surveys were conducted in Yarkhun Valley 

(Broghil) to confirm the public sighting reports. However, logistical constraints and 

poor weather did not allow us to conduct large-scale surveys- the presence was 
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however, confirmed. The sign surveys revealed four scats (both fresh and old) and some 

fresh pugmarks of the brown bear. Brown bears were also observed through direct 

sighting in Broghil which supported local people's claims. 

Many camera trapping studies were also carried out in all our study blocks 

except Torkhow Valley; however, no brown bear was photo-captured. 

4.3.4 Human-Carnivore Conflict 

4.3.4.1 Livestock Depredation and Economic Evaluation 

Ninety-six (96) respondents-59 in Laspur Valley and 37 in Broghil Valley

reported 449 livestock losses (90 heads per year) to carnivore species in the area during 

the five-year period (2005-2009). The grey wolf was held responsible for 338 losses 

(68 heads per yearI75%) while the snow leopard and lynx were blamed for 50 (10 heads 

per yeaI'll 1 %) and 41 (8 heads per year/9%), respectively. Respondents blamed 20 (4 

heads per year/4%) losses on unknown predators. No brown bear-related livestock loss 

was reported (Figure 4.2). The most favorable prey species for grey wolves were sheep 

(45%), goat (42%), and cattle (13%). Snow leopard's prey species consisted of cattle 

(60%), sheep (22%), and goat (18%). Lynx prey species were goat (66%) and sheep 

(34%). 
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Figure 4.2. Livestock killed by carnivores in Laspur and Broghil valleys during 2005-2010. 
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The reported figure of 449 livestock losses in two valleys constituted an 

economic loss of PKR 2,931,022 or USD 34,297 (PKR 30,53 1/USD 357 per 

household). Of the total loss, grey wolves were blamed for USD 21,133 (USD 220 per 

household in five years) while snow leopards and lynx were held responsible for a loss 

of USD 8,074 (USD 84 per household) and USD 1,439 (USD 15 per household), 

respectively. A significant amount was also caused by unknown predators (Table 4.3). 

Table 4.3. Economic loss [USD (number killed)] due to livestock depredation in Laspur and 

Broghil valleys, Chitral District, Pakistan, during 2005- 2009. 

Livestock Snow Wolf Lynx Unknown Total 

leopard predators economic loss 

Goat 316 (9) 4,985 (142) 948 (27) 2 11 (6) 6,460 

Sheep 386(11) 5,336 (152) 491 (14) 6,213 

Cattle 7,372 (30) 10,812 (44) 3,440 (14) 21,624 

Tota l loss 8,074 (50) 21,133 (338) 1,439 (41) 3,651 (20) 34,297 (449) 

Average 84 220 15 38 357 

10ssIHH 

The numbers in parenthesis represent the number of livestock killed, PKR 85.46 = 1 USD, the 

exchange rate of PKR to USD pertains to 2005 -2009 (Average). 

4.3.4.2 Local People's Perceptions about Carnivores 

People were asked about their perceptions of brown bears and other large 

carnivores during the questionnaire surveys. Perceptions were categorized into four 

groups-increase, maintain (positive view), decrease and eliminate (negative view). 

In the study area, about 30% of respondents wanted to increase the brown bear 

popUlation, 17% wanted to maintain its current popUlation status, 2% wanted to 

decrease, and 13% wanted complete elimination from the area. Other respondents 

(39%) did not state a preference. A significant number (49%) wanted an increase in the 

numbers of snow leopards in the area. Greater percentages (53%) of local people 

possessed negative perceptions about the grey wolf and wanted a decrease in numbers 

or complete elimination from the area (Figure 4.3). 
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Figure 4.3. Public perceptions on carnivores' existence in Laspur and Broghil valleys during 

questionnaire surveys conducted in 2009-2010. 

4.3.4.3 Public Attitude towards Carnivores 

The perceived danger of carnivores for livestock was categorized into four 

levels (1-4) depending on the intensity of danger perceived by local people. Category 

1 was assigned to the most dangerous carnivore and category 4 to the least. 

Communities were asked to rank four carnivore species-snow leopard, wolf, lynx and 

brown bear-by their perceived level of danger. A large number of local people (85%) 

considered brown bears to be the least dangerous animal in the area followed by lynx 

(73%) and snow leopard (44%). A greater percentage (56%) considered the wolfas the 

most dangerous carnivore species for livestock (Figure 4.4). 
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Figure 4.4. Community perceptions on threats from carnivores in Laspur and Broghil valleys 

during questionnaire surveys conducted in 2009-2010. 

4.4 DISCUSSION 

Brown bear presence m the western part of its distribution range has been 

indicated in the past (Nawaz, 2007; Roberts and d'Olanda, 1977). Multiple 

techniques-questionnaire surveys, sign surveys, and camera trapping surveys-were 

used during this study to obtain reliable information about the target species. Surveys 

were also conducted in areas where species was believed to be extinct like CONP 

(Mirza, 2003; Schaller, 1976) and its surrounding areas. Only sign surveys and camera 

trapping methods were used in these areas to obtain solid evidence about presence, but 

none could be found. 

Parts of Chitral district where brown bear presence had been claimed in the past 

included Torkhow Valley, Yarkhun Valley (Fulton, 1903; Schaller, 1976) and the 

border area between KP and OB (Nawaz, 2007). Questiolli1aire surveys in Torkhow 

Valley did not reveal any strong evidence of brown bears--only one respondent 

claimed a sighting of a Himalayan brown bear which could not be confirmed through 

sign surveys. Public sightings in Yarkhun Valley (Broghil) were confirmed by sign 

surveys and direct sightings. Himalayan brown bear presence in Laspur Valley 

bordering the Chitral district ofKP with OB on one side and Swat district on the other

as previously claimed by Nawaz (2007)-was also confirmed by questionnaire surveys, 

sign surveys, and direct sighting. 
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The presence of the brown bear in two of our four study blocks-Yarkhun Valley 

and Laspur Valley- was confirmed by questionnaire surveys and sign surveys, but not 

by camera trapping. Camera trapping in Yarkhun Valley (Broghil) was short-termed 

and could not be extended due to poor weather and floods in the valley. However, one 

specimen in Laspur Valley arrived at a camera station and pulled the camera out of the 

ground. 

Increased livestock depredation by large carnivores in the Himalayas and Hindu 

Kush mountains has been attributed to increasing livestock populations (Hussain, 

2003). The 96 respondents of the Yarkhun and Laspur valleys reported 449 livestock 

losses (90 per year) between 2005 to 2009. Grey wolves account for the highest 

predation followed by snow leopard, lynx, and unknown predators. The Himalayan 

brown bear did not account for any livestock depredation due to two possible reasons; 

1) due to its rarity in the study area as shown by our results, 2) Himalayan brown bear 

is predominantly vegetarian, and study conducted by Nawaz et ai. (2019) in Deosai 

National Park shows that 70% of analyzed scats were composed of plant residue-with 

very low dietary meat. Our study shows that carnivores prefer goats and sheep to cattle. 

This is due primarily to the significantly higher number of goats and sheep in the area 

as compared to other livestock. In addition, goats and sheep are more vulnerable to 

predation because larger-sized carnivores can drag them to safe places (Ahmad et aI., 

2016; Kabir et ai., 2014; Rehman et aI., 2021). Another study in Chitral reported annual 

livestock losses of27 (Din and Nawaz, 2010) and 261 (Din et ai., 2013). The highest 

depredation of livestock in the study area can be attributed to thin natural prey and the 

presence of multiple large-sized carnivore species. 

The reported figure of 449 livestock losses III two valleys constituted an 

economic loss of USD 34,297 or PKR 2,93 1,022 (PKR 30,53101' USD 357 per 

household). The grey wolf was a major culprit in both valleys of the study area. The 

major economic loss reported by local people was in the form of cattle depredation, 

although a smaller number of cattle were killed by carnivores as compared to goats and 

sheep but the market value of cattle is much higher than that of goats and sheep. 

Human-carnivore conflict can be particularly controversial when the resources 

concerned have economic value (livestock) and the predators involved have a high 

conservation profile (Graham et ai. , 2005). Attitudes are commonly seen as people's 
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evaluation of some object or animal (e.g. , carnivore) that range from positive to 

negative (Ajzen, 2001). For example, attitudes towards carnivores can be positive when 

they are associated with tourist revenue (Dickman et aI. , 20 11), but negative when 

carnivores are perceived as threats to livestock or human life (Dickman, 2008). 

Community perception about brown bears in our study is very positive and most people 

wanted to increase or maintain populations. It was also found that there was no direct 

conflict between people and the brown bear. Brown bears did not account for any 

livestock losses in the reported period-a strong reason for local people's positive 

perceptions. Still, a small percentage (13%) of local people said they wanted to 

eliminate the species from the area, which may be due to its large size, which can 

frighten people. 

A large percentage of local people also possess a positive perception of snow 

leopards despite heavy livestock losses because it is seen as a sign of bravery and 

beauty--children are often named after the snow leopard in this region (Alunad et aI., 

2016). On the other hand, most of local people have highly negative perceptions about 

grey wolf and lynx and wanted to decrease their numbers or completely eliminate them 

from the area (due to large economic losses). The likely reason for negative perception 

about lynx is due it threats to poultry which is one of the major source oflivelihood for 

these local communities, although no incidents of lynx predating on poultry was 

reported in this study. Similarly, a low percentage oflocals possess negative perception 

about brown bear owing to the fear of crop damage which result huge economic loss 

(Ahmad et aI., 2016) but no crop damage was reported in this study. 

4.4.1 Conclusion 

Our study concludes that within the study area, the Himalayan brown bear is present 

only in Yarkhun and Laspur valleys, and probably lives in a small population. This 

marks a drastic reduction in historically reported range in the Hindu Kush. The species 

no longer exists in the western and southern parts of the district and appears to be 

confined to eastern valleys adjacent to GB where brown bear lives in several valleys 

(Nawaz, 2007). The Yarkhun Valley is connected to the Wakhan corridor in 

Afghanistan to the north-west where brown bears do exist (Mishra and Fitzherbert, 

2004) . Thus, remaining brown bear populations maintain connectivity with other 
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populations towards the north-east of GB. The absence of brown bear from the rest of 

Chitral district is likely due to the unsuitable terrain in the south-western Chitral which 

has steeper topography and small patches of alpine plateaus which is considered 

suitable habitat for brown bear (Nawaz et aI., 2014). Furthermore, human densities 

which have increased in the past few decades in these areas have increased the pressure 

on natural habitats. Climate change is also a factor and southern areas are getting 

warmer. For example, snow leopard population has declined in southern Chitral and 

common leopards from the south are occupying these areas. Finally, historical 

information from some of these areas is no longer considered accurate. 
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APPENDIX 4.1. HOUSEHOLD LEVEL HUMAN-CARNIVORE 
INTERACTION SURVEY 

Enumerator Name ______ _______ Date ______________ _ 

Respondent Name _____________ _ Village Name ________ _ 

Education ________________ Age ____________ _ 

Ethnic background ________ _____ Occupation _ _________ _ 

How many earning members are there in the household ? _____________ _ 

Home much agricultural land your family own? _____ _ _ __ HH Size _____ _ 

Predators Status: 

Did you sight any of following species in past 1 year (Jan-Dec 2013)? 

Snow Common Wolf Brown Bear Black Lynx 
Leopard Leopard Bear 

Numbers 

Status 
(Common/Rare/Absent 

Population of which species you wish to increase/maintain/reduce /eliminate from your area: 

i / -t / ,J,/x 

Snow Leopard Wolf Brown Bear Lynx 

Which one is most dangerous for livestock, rate 1-4 (from low to high): 

Snow Leopard Wolf Brown Bear Lynx 

Livestock 

How many livestock your family own? 

Livestock Goats Sheep Cattle Yak Other 

Number 

Vaccinated 

Mortality due to Disease in 1 year (January - December 2013): 

Livestock Goats Sheep Cattle Yak Other 

Number 
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Livestock sold in 1 year: 

Livestock Goats Sheep Cattle Yak Other 

Number 

Total Income in Rs 

Slaughteredfor domestic 
consumption 

Predation Losses 

Crop damage by wi ldlife in past 1 year (estimated economic loss): 

Species Winter Spring Summer Autumn 

Any other Damage by wildli fe: _____________________ _ 

Predation in 1 year: 

Predator Season/ Location Prey type Prey Prey Guarded Circumstances 
month sex Age (YIN) 

Seasons: Winter (Dec-Feb), Spring (Mar-May), Summer (lun-Aug), Autumn (Sep-Nov) 
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National Park and its Surroundings 
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5 Population of Snow Leopards in Khunjerab 

National Park and its Surroundings 

ABSTRACT 

Understanding the population dynamics and abundance numbers ofrare species 

like snow leopards is of crucial importance for their conservation. Population 

monitoring is a challenge as they are shy, cryptic, highly camouflaged and live in harsh 

terrains. With the advent of technologies and modern statistical understanding, it has 

become possible to devise new techniques of studying these species. Camera trapping 

and new spatial capture-recapture (SCR) models generate reliable population numbers, 

keeping in view the statistical assumptions and ecological behaviour of the species. We 

used SCR models to estimate the population and density of snow leopards in Shimshal 

and Khunjerab using camera trapping data. We set a total of 122 camera stations in both 

areas, which were active for 1,243 trap days. A total of 19 individuals were identified 

from all comparable photographs of snow leopards. The SCR model estimated a total 

of 55 individuals in the area of 5,764 km2 comprising both the Khunjerab and Shimshal 

areas. The base encounter rate was 0.008, and the spatial scale of detected movement 

in all activity centres was calculated as 6.726 ± 1.23. The density calculated was about 

1 animal per 100 km with an upper confidence limit of 1.8 individualsllOO km2
, and 

lower confidence limit of 0.5 individualsll 00 km2 . SCR models are promising 

estimators, but our study faced limitations like harsh weather and low accessibility in 

high potential areas . It is recommended to further study these hotspot areas with a 

standardized approach of species home range-specific camera trap spacing and 

configuration. There is an urgent need of refining the sampling strategy of such camera 

traps and using these models in all potential distribution areas of snow leopards in 

Pakistan. 

Keywords: snow leopard, camera trap, capture recapture, encounter, population. 
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5.1 INTRODUCTION 

The snow leopard is native to the mountain ranges of Central and southern Asia, 

some of the world's most rugged landscapes (McCarthy et aI., 2017; McCarthy and 

Chapron, 2003). It occurs in the Altai, Sayan, Tien Shan, Kunlun, Pamir, Hindu Kush, 

Karakoram, and outer Himalayan ranges, and in smaller isolated mountains in the Gobi 

region (Hussain, 2003; Nowell and Jackson, 1996; Schaller, 1976). The wide range in 

estimates of global range size varies from 1.2 million to 3 million km2 (Network, 2014) 

and populations are highly threatened throughout the range. A recent study estimated 

the area of snow leopard-occupied range to be about 2.8 million km2 (McCarthy et aI., 

2016a). Its range extends to 12 countries, namely Afghanistan, Bhutan, China, India, 

Kazakhstan, Kyrgyzstan, Mongolia, Nepal, Pakistan, Russia, Tajikistan, and 

Uzbekistan (Fox, 1994; Jackson and Hunter, 1996; Maheshwari, 2013). A small area 

of potential range occurs in northern Myanmar, but recent snow leopard presence has 

not been confirmed (Network, 2014). 

Population monitoring is a vital tool for the conservation of a species. Without 

knowing about the population and habitat of a target species, it is not possible to judge 

the usefulness of conservation action to it. So far, reliable baseline information is 

lacking upon which informed decisions can be made (Jackson et aI., 2005). If 

conservationists are to ensure that populations of large predators like the tiger and snow 

leopard persist, they need to know far more about each species' distributional pattern 

and population trends over manageable time periods (Chapron and McCarthy, 2003). 

Population monitoring is also important for the verification of conservation action, and 

it has a positive impact when the action is done in order to a known number of target 

speCles. 

There are no robust estimates of snow leopard population across the world. The 

total snow leopard population is estimated, from various figures as guesses, to be 

between 4,000 and 7,500 (Jackson et aI., 2010; McCarthy and Chapron, 2003; Sharma 

et aI. , 2019; Snow Leopard Working Secretariat, 2013) . The species has recently been 

classified as Near Threatened in the IUCN Red List of Threatened Species (McCarthy 

et aI., 2017). The status change may have been biased due to several reasons. A lack of 

reliable overall population estimates and standardized methodologies are the key 
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challenges that are yet to be overcome before we are sure about the population trends 

of snow leopards. In earlier times, it was a general practice to conduct interviews and 

sign surveys for studying snow leopards. Many studies have conducted interviews, 

reports, and questionnaires, i.e. Schaller et aI. (1988) and Grachev and Ata (1977), but 

none have relied on just these for estimating any population figure for snow leopards, 

because dishonesty, inconsistent answers, issues in understanding and interpreting 

questions, and a lack of appropriate way to analyse interviews data, are the main 

problems (Henschel and Ray, 2003). Many studies, including the above-mentioned 

ones, have reported population or density based on signs (Ale and Brown, 2009; Fox et 

aI., 1991 ; Grachev and Ata, 1977; Jiang, 2006; Ma et aI., 2011; Schaller et aI., 1988; 

Xu et aI., 2008). The problem with sign surveys is that obtaining absolute densities from 

signs/unit area is biased in many ways. The identification of individuals from signs and 

tracks has limited success and mostly untested. This limitation hinders this approach 

and is questioned by Karanth et al. (2003) in India for tigers, and so is true for snow 

leopards in other areas as well. Accumulations of signs over time in a region and washed 

out signs due to weather conditions like snow cover, are also major constraints in 

obtaining sign densities . Tracks, pugmarks, and other signs analysis are dependent on 

many complex assumptions, like no sign from any unique individual is counted twice. 

The individual species are native to the area and are not transients. Signs are accurately 

identified, and efforts in searching for signs are uniform throughout the study area. 

There is no reliable or practical way to fully account for these assumptions and test if 

they are fulfilled. The failure of these assumptions can potentially affect estimates, and 

there may be no predictable relation of the estimate with the true population size of the 

species (Karanth et aI., 2003). Thus, we can say that sign surveys for snow leopards are 

not reliable indicators of conservation success (Nyhus et aI., 2016). Both sign densities 

and prey availability may be indices of predator abundance. The snow leopard 

information management system (SLIMS) incorporates prey biomass calculations in its 

analysis. Snow leopards are numbered based on sign density and prey biomass (Ale et 

aI., 2007; Din et aI., 2017; Feng et aI. , 2011; Hameed, 2010; Khatiwada et aI., 2007; 

McCarthy et aI., 2008; Mcgregor and Newell, 2007) . This approach has certain 

drawbacks as well. All signs-related issues are the same with prey species as well. The 

age and quality of the prey are important information, which in turn represent the true 

quality of total biomass energy. It is difficult to assess this information through signs. 

Also, prey density in an area does not necessarily determine the available food for 
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predators like snow leopards (Bertram, 1973). Other competing predators may share 

the same energy biomass. Scavengers constrain the predation and energy gain of large 

carnivores (Gittleman, 1989; Yang and Lee, 2013). Another important component is 

the spatial distribution of prey species in an area. SLIMS generally does not account 

for the spatial variation in prey availability. Whether the prey species are transient, 

migratory, sedentary, or renewed at some internal are important considerations and 

have critical consequences for predator movements, home ranges, and other behaviours 

(Gittleman, 1989; Houston and Davies, 1985). All of these factors may also influence 

the density and abundance estimates of predators in the region, and SLIMS is not robust 

enough to account for all of them. The genetic identification of individuals from scat 

samples of such species is gaining popularity. The technique is quite expensive, and 

very few studies have been conducted to date for snow leopards using genetics. Even 

fewer studies have attempted estimating densities from genetically identified 

individuals. The major portion of the snow leopard's distribution range has not been 

studied with genetic tools, and identifications through signs and manual visuals are 

questionable. The methodologies used in population or density estimation in genetic 

studies are mostly non-spatial and lack the consideration of the spatial variation of study 

areas. Aryal et al. (2014), Ferretti et al. (2014), Janecka et al. (2008), Karmacharya et 

al. (2011), and Suryawanshi et al. (2017) have reported either minimum snow leopard 

individuals, or have derived their densities using non-spatial estimators. 

Estimating densities from camera trap data are the most common and widespread 

practice for large-ranging species. This method utilizes conventional capture-recapture 

closed population models. The models are fitted to the capture-recapture history of 

identified individuals to gain abundance, and then the effective study area is calculated 

to obtain a density estimate (Janecka et al. , 2011; Ma and Xu, 2006; McCarthy et al., 

2008, 2010; Sharma et al., 2014; Zhou et al. , 2017). There are many issues related to 

these conventual capture-recapture studies. They cannot account for the detection 

variability induced by the spatial distribution of animals. The fairly new spatially 

explicit capture-recapture models (SECR) do not need to calculate effective area for 

density estimation and are quite robust, taking into consideration the spatial aspect of 

the area (Efford and Fewster, 2013 ; Royle et al. , 2014). SECR models are not 

assumption-free, and it is generally assumed that populations under study are 

geographically closed, the activity centres of individuals are fixed and independent of 
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each other during survey periods, and the capture detection probability is inversely 

related to the distance from the trap (Royle and Chandler, 2014) . The design of spatial 

studies varies from survey to survey according to the nature of target species, and these 

models perform rather well for studying large-ranging animals (Sollmann et aI., 201 2). 

In Pakistan, the snow leopard is found throughout the mountain ranges of the 

north-the Hindu Kush, Karakorams and Himalayas, in Chitral, Dir, Swat, and 

Kohistan districts of Khyber Pakhtunkhwa (KP), in all districts of Gilgit-Baltistan 

(GB), and in the northern part of Neelum Valley in Azad Jammu and Kashmir (AJK) 

(Ahmad et aI., 2016; Hussain, 2003 ; Nowell and Jackson, 1996; Schaller, 1976). Based 

on surveys undertaken in the early 1970s, Schaller (1979) estimated the total population 

of snow leopards in Pakistan to be around 104-130 animals. Surveys undertaken in the 

Skardu and Ghanche districts of GB resulted in an estimate of 90-120 animals in that 

area, and 300-420 animals throughout Pakistan (Hussain, 2003). However, these 

reported figures and numbers are not based on standardized approaches, keeping in 

view all statistical assumptions, snow leopard ecology, and the risks of extrapolating 

results over large spatial landscapes. This study focused on Khunjerab National Park 

(KNP) and its surroundings to obtain a robust population estimate using motion sensor 

camera traps and spatial capture-recapture (SCR) models. The main objectives of the 

study were a) to test the effectiveness of such methods in Pakistan and, b) to obtain a 

reliable estimate of snow leopard population in KNP and its surroundings. 

5.2 MATERIALS AND METHODS 

5.2.1 Study Area 

Established in 1975, KNP is situated to the extreme n011h of the country in 

Hunza district of GB between the coordinates 74° 55' E to 75° 57' E and 36° 01' N to 

37° 02' N. It covers an area of 6,150 km2 (Figure 5. 1). lt is one ofthe highest parks in 

the world, existing above 4,000 m above sea level (Shatlq and Ali, 1998). KNP extends 

from Zero point; the Chinese border to the Shimshal area. It also borders Central 

Karakoram National Park (CKNP) at its northeast side. The main river flowing inside 

the park is the Khunjerab River, while many tributaries join it at different locations on 

the way . KNP borders China on one side, while Shimshal, the Khujerab Villager 

Organisation (KVO) area and Shimshal border the other sides. The different nullahs in 
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Khunjerab valley include Dhee, Karchanai, Toghroqin, Furzindur, Barkhun, Perpek, 

Arbobkuk, Gozki l, Padekishk, Koksil, and Kooz (Qureshi et aI., 2011). 

KNP's wildlife is composed of a blend of Pale arctic and Indo-Malayan elements 

containing taxa of the Ethiopian region that makes the park's biodiversity very 

interesting and diverse (Qureshi et aI., 2011). Prominent fauna includes the snow 

leopard, brown bear, wolf, ibex, Marco Polo sheep, red fox, cape hare, stone marten, 

weasel, pika, golden marmot, snow cock, and numerous bird species. Four types of 

vegetation zones are recognized, including dry alpine scrub, moist alpine pastures, dry 

alpine plateau pastures, and sub-alpine scrub and birch forests. Dominant species 

include Artemisia spp., Juniperus excelsa, Rosa webbiana, Myricaria germanica, 

Hippophae rhamnoides, Populus nepalensis, Salix spp., Betula utilis, Potentilla 

desertorum, Gentiana spp. , Anemone spp. , Plantago lanceolata, Saxifraga sibirica, 

Poa bulbosa, Poa sinaica, Primula spp., Lonicera quinquilocularis, Artemisia spp., 

Setaria spp., Phleum spp., Carex spp., and Potentilla spp. (Qureshi et aI., 2010). 

5.2.2 Camera Trapping 

A total of 122 passive infrared cameras (Reconyx, HC500, PC800) were set up 

in KNP and Shimshal for 10-15 days in December 201 O-J anuary 20 1l. The system 

would be triggered when a moving animal with a higher body temperature than the 

ambient temperature crossed the camera detection zone. This system was set for 

continuous operation, day and night, with a one-second delay between pictures to obtain 

maximum captures. 

To maximize the possibility of capture success, camera traps were placed 

strategically along possible carnivore travelling routes, including sharp ridgelines; near 

scrapes, cliff bases, rock faces, stream confluences, and game trails. Cameras were 

generally faced towards the north or south to avoid erroneous pictures caused by direct 

sunlight. Cameras were placed on metal stakes approximately 45-50 cm above the 

ground. The camera sensors were placed in such a position that there was no vegetation 

in the foreground that could trigger the cameras (Jackson et aI. , 2006). The number of 

trap-days was calculated for each camera location from the time of mounting to the 

time of retrieval (Johnson et aI. , 2006). Trap cameras were distributed across the core 

zone of the study area, and all of the trap stations were spaced about one kilometre 
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apart. At the end of the trapping period, cameras were retrieved, and data on SD cards 

was saved. 

Individual animals were identified based on their distinct pelage patterns 

according to guidelines provided by Jackson et al. (2006) for identification from 

photographs. The photo rate was calculated by dividing the number of individual photo 

events by the total number of trap nights. The criteria set by McCarthy et al. (2008) was 

used to consider a photo or set of photos to a single photo event. The capture rate was 

very low, and a capture-mark-recapture model could not be applied due to the low 

density of cats in the area. 
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Figure 5.1. Study area map showing camera trap locations. 

5.2.3 SCR Models 
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SCR explains the distribution of individual detection probabilities and estimate 

densities, keeping in view the spatial aspect of animal encounter histories. The lack of 

consideration of spatially induced capture heterogeneity was the major deficiency of 

old classical capture-recapture models, which was highlighted by authors like Dice 
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(1938) and Hayne (1950), but addressed only recently (Efford, 2004). SCR models have 

assumed that, (i) every individual in the area during the survey has its activity centre or 

home range centre, and (ii) the capture probability of an animal during any survey 

occasion is inversely related to the distance between its activity centre and the trap. The 

estimated density in SCRs is invariant to the state-space size and thus considered 

advantageous over the old capture-mark-recapture models (Royle et aI. , 2013). 

5.2.4 Analysis Input Files 

In these models, detection probability in space is a function of the distance 

between camera traps and individuals' activity centres (Borchers and Efford, 2008; 

Royle and Young, 2008). These models function with two components. The first is the 

state space, which is a meshwork of all the potential activity centres of the animal in 

the area. It is considered a point process model, which are unknown random effects 

generated throughout the potential area of a study. The second component is the 

observations of animals in the region, i.e. the capture history. 

Table 5.1 Sample of a detector layout file 

Detector 

1 

2 

3 

4 

x 
482385.7 

479169.6 

483856.5 

471723.8 

y 

4050523 

4050229 

4048003 

4045542 

1 

o 
o 
o 

2 

1 

o 
1 

o 

3 

1 

o 
1 

o 

The capture data file holds a record of all detections of animals. One detection 

per row is kept, and multiple columns define the session ID, animal ID, trap ID, and 

occasion number. The trap ID column in capture data matches the trap ID in the detector 

layout file , and thus, the location of each detection event is read by the scrFrame. A 

sample of a capture data file is shown in Table 5.2 . Column 1 in the table defines the 

trapping session; the second and third columns define the unique individual captured 

and their capture occasions, respectively. The last column is a detector identifier which 

links the detection data to trap data. 
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Table 5.2 Capture data input format. 

Session ID Occasion Detector 

1 2 1 

1 1 3 1 

2 1 1 3 

2 2 2 4 

A schematic view of a three-dimensional scrFrame is shown in Figure 5.2. 

Trap'" 1 -=====:---+. J 

Figure 5.2. Framework of scrFrame visualizing all the trap locations, occasion and individual 

data. It is an array with dimensions n (individual) x J (trap locations) x K (occasion). 

Another object required for SCR models is the state-space data frame 'ssDF', 

which specifies all potential activity centres of all possibly detectable animal 

individuals in the study area (Figure 5.1). We created a habitat mask to create state 

space. A habitat mask is a two-colunmed X and Y coordinate spatial data frame 

imp0l1ed into an R environment. Every X and respective Y coordinate in this spatial 

points data frame represented a suitable habitat pixel. 

5.2.5 Data analysis 

Having readied both of the files for detector layout and caphlre data of both 

sessions of camera trapping, we used 'make.scrFrame' in R syntax to create the main 

data object. The complete code was: 
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<- make.scrFrame (caphist, traps, indCovs, trapCovs, trapOperation, type = "scr") 

where 'caphist' is the capture data input, and 'traps' is the detector layout. 'trapCovs' 

defines the trap station site covariates, e.g., elevation. Trap covariates can be added to 

the detector layout file in subsequent columns to occasions separated by ' /'. 'indCovs' 

specifies animal-related covariates like sex and can be added to a capture data file for 

sex- or age-specific models. Traps and individual covariates were not used in our 

analysis. 'trapOperation' denotes whether a camera was functional or not on an 

occasion, and assigns a binary matrix. 'type' keeps the data in SCR format (Sutherland, 

2016). Two independent observers evaluated and finalized unique snow leopard 

individuals' data and analysis sheets. For state-space, a IS-kilometre buffer was taken 

around all camera traps. The state-space total area was 5,764 km2, and all of the area 

was considered as suitable because of very low human disturbance and high potency of 

snow leopard presence across the entire region. A null model (dO ~ 1, pO ~ 1, g ~ 1) 

was run to calculate the baseline density, detection probability, and sigma parameters. 

5.3 RESULTS 

All 122 camera stations captured a total of 17,608 photos, of which 1,181 were of snow 

leopards. The average number of photos per camera was 144. Camera stations were set 

collectively for a total of 1,243 trap-days. Of 122 stations, snow leopards were captured 

at 22. A total of 19 individuals were identified from all comparable photographs of 

snow leopards. Snow leopards were captured on 29 independent events comprising 12 

spatially distinct recaptures. Some of the photos of uniquely identified snow leopard 

individuals from their pelage pattern are shown in Plate 5.1 . 
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Plate 5.1 Photographs A- B show one individual from different camera traps, identified based on a 
pattern on a front limb. Photographs C- D show another individual identified by its tail pattern. 

Snow leopard activity was detected mostly during dawn and dust, and almost complete 

inactivity was seen during the middle of the day. Figures 5.3 and 5.4, for Shimshal and 

Khunjerab show the highest number of photos captured during the circadian circle 

(labelled as frequency of images). 
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Figure 5.3. Snow leopard activity pattern in Khunjerab 
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Snow leopard activity in Shimshal 
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Figure 5.4. Snow Jeopard activity pattern in Shimshal. 

Other than snow leopards, the camera traps were triggered by 16 different 

species, including humans and livestock. All of the triggers collectively resulted in a 

total of 312 independent trigger events of the traps. Details of all species captured in 

both Khunjerab and Shimshal are shown in Table 5.3. 

Table 5.3. Record and events of all species captured in the study. 

Species Independent trigger events 

Blue sheep 

Brown bear 2 

Cape hare 32 

Chukor paltridge 2 

Common leopard 

Domestic dog 2 

Grey wolf 2 

Human 119 

Ibex 28 

Livestock 13 
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Pika 11 

Red fox 60 

Small mammal 1 

Snowcock 

Snow leopard 22 

Stone marten 11 

Weasel 4 

Grand total 312 

The SCR model run on the snow leopard detection data and histories estimated 

a total of 55 individuals in an area of 5,764 km2 comprising both the Khunjerab and 

Shimshal areas . The coefficients of all parameters and real -time values of estimated 

densities are shown in Table 5.4 and 5.5, respectively. The base encounter rate was 

0.008, and the spatial scale of detected movement in all activity centres was calculated 

as 6.726 ± 1.23. 

Table 5.4. Coefficients of model. 

Parameter Estimate SE 

pO. (Intercept) -4. 829 0.416 

sig.(lntercept) 1.906 0.209 

dO.(Intercept) -3.265 0.326 

Table 5.5. Real-time density estimates of model. 

Area (knl) 

Pixel (4) 

100 

5764 

Density 

0.038 

0.955 

55.042 
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Figure 5.5. Density surface from null model. 

5.4 DISCUSSION 
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The reliable estimation of abundance is a vital parameter in conservation and 

management planning (Araujo and Chiarello, 2013; Williams et aI., 2012). Population 

density is an estimate that is usually reported in species capture-recapture studies but is 

rarely looked at for its reliability, keeping in view the sampling and statistical approach 

for such studies (Keiter et aI. , 2017). Density estimation may be compromised if 

statistical assumptions are not taken into account in highly patchy distributed 

populations of rare and elusive species like snow leopards. The sampling design and 

analysis of the data needs to be robust and relevant to the nature of the species under 

study and its habitat. Such concerns have prevailed in ecological literature; ecological 

studies on iconic species like snow leopards are no exception. The fact that snow 

leopards are long-ranging, rare, dwell in harsh, logistically inaccessible, spatially and 

temporally dynamic areas, having low encolmter probabilities, minimal densities and 

small obtained sample sizes, make it extremely : hard to count their numbers. 

Understanding snow leopard population and distribution in various parts of its range 
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has been a priority of conservationists and researchers . The earliest investigation dates 

to 1972 when Anonymous (1972) provided an initial baseline for snow leopard studies. 

There have been several attempts (Fox et aI., 1991 ; McCarthy et aI., 2016b; Schaller, 

1977) to update and refine the baseline. Initial studies were based largely on reviews, 

expert judgements, and on the expanse of potential habitat. Researchers started 

validating this information through interviews, site visits, and sign surveys (Ale and 

Brown, 2009; Fox et aI., 1991 ; Grachev and Ata, 1977; Jiang, 2006; Ma et aI., 2011; 

Schaller et aI. , 1988; Xu et al., 2008). It was soon learnt that snow leopard markings in 

the field are distinctive (Sunquist, 2016), which can be used to establish species 

presence. This led to the development of a sign-based protocol to assess the abundance 

of snow leopards-SLIMS (Jackson et aI., 1997). Snow leopard biologists relied on 

indirect methods for abundance estimation until the advent of technology in the past 

decade in the form of trail cameras and molecular genetics, which allow for actual 

individual detection. Trail cameras were first tested for snow leopards in 2002 in 

Zanskar, Jammu and Kaslm1ir, India. (Spearing, 2002). However, their use in 

abundance estimation has seen an increase in the past ten years . 

In Pakistan, very few studies have been conducted using camera trapping, and 

even fewer have been published, keeping in view modern statistical and species 

behavioural aspects. This study applied the SCR approach, which is distinct from 

conventional capture-recapture in the sense that it does take into consideration the 

spatial aspect of the study area which may affect the detection probability of a species 

at a pat1icular trap location ( Efford, 2011). Traditional models induce spatial bias and 

do not account for the effect a trap location may have on the encounter rate of snow 

leopards. The total trapping duration resulted in 29 independent events of captures and 

12 recaptures of the same individuals. There were 12 spatially distinct recaptures. 

Covariates and other environmental variables were not considered in the analysis since 

the sample size was obtained using uniform effort in the area. In addition, the camera 

trap locations shared the same climate, topography, and snowy terrain. The sample size 

contained a total of 19 unique individuals, and the density calculated was about 1 animal 

per 100 km2 with an upper confidence limit of 1.8 individualsllOO km2
, and a lower 

confidence limit of 0.5 individualsll 00 km2 . The total study area considered for the 

possible existence of snow leopard activity centres under these statistical models 

resulted in a total popUlation of 55 (95% CI: 29-104) individuals. The species is known 
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to be highly elusive, and the model yielded the same behaviour via an encounter rate of 

0.008, which matches the findings of Sharma et aI. (2014) and Chetri et aI. (2019). The 

vast landscape of 5,764 km2
, including Khunjerab and Shimshal, meant that these 

individuals move long distances. The sigma, a spatial scale of movement in the study 

area, was calculated as 6.73 and confirmed that snow leopards live in extremely low 

densities in rugged terrains across massive landscapes (Alexander et aI., 2016, 2015; 

Chetri et aI., 2019). In SCR models, the sigma is linearly considered as the home range 

estimate under the assumption of normal activity patterns. Sigma size considered as 

home range will, however, remain inferior information as compared to that of data from 

telemetry (Efford et aI. , 2016). The density map (Figure 5.5) shows that most of the 

activity centres fall inside the central core zones of the study area with higher 

distribution. Despite the similar climatic, anthropogenic, and topographic conditions of 

camera traps, the model density maps predicted slight avoidance of areas near the 

Pakistan-China boundary, possibly due to fencing that could hinder snow leopard 

movement, and areas near major villages like ShimshaI. The SCR analysis and results 

presented here may suffer from some limitations as well- the estimates obtained had 

high confidence intervals and large margins of error (Table 5.4 and 5.5). The camera 

trapping array size and configuration deployment as per the behaviour and home ranges 

were not entirely possible due to scarce resources and harsh weather conditions. Studies 

such as Keiter et aI. (2017) and Ponchon et aI. (2018) have stressed keeping trap spacing 

according to animals' movement behaviours. Sollmann et al. (2012) simulated different 

designs and reported SCR models to be good estimators if the trap array was not smaller 

than the sigma of the species. Another limitation of the study was the linear coverage 

of the study area-it was not possible due to inaccessible terrain and an insufficient 

number of camera traps. It is generally recommended, in case of insufficient camera 

traps, that two designs be followed (Karanth and Nichols, 2017). Either the central area 

of the study should be covered uniformly (which we did, but still had to leave some 

holes in the region), or a second approach, a cluster design, where traps in small clusters 

are placed uniformly for maximizing spatial recaptures and clusters, be spread over a 

larger area to maximize the sample. This approach can be evaluated in future along with 

simulations of the study area prior to actual fieldwork. Sun et aI. (2014) simulated 

different sampling schemes for capture-recapture studies and described cluster 

sampling to be more appropriate and field implementable as compared to the uniform 

spread of cameras in all areas under study. However, the performance of cluster design 
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was not significantly different when the study area size increased in accordance with 

the species' home range. It is suggested, therefore, that further studies be conducted 

with standardized approaches of species home ranges, with relevant camera trap 

spacing and configuration. 
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6 Population estimation of Brown Bear in 

Deosai National Park 

ABSTRACT 

The Himalayan brown bear (Ursus arctos isabellinus) is a subspecies of the 

brown bear and represents an ancient lineage distributed over the great Himalayan 

region. Its overall population status throughout its distribution range has not been 

estimated. This study was carried out in Deosai National Park (DNP) and its buffer 

areas in 2012 with the objective to evaluate the effectiveness of camera trapping and 

double-observer techniques for brown bear population estimation. A double-observer 

survey was conducted in DNP. The park was divided into 45 unequal watershed-based 

blocks. A double-observer survey was conducted in 27 blocks due to accessibility issues 

and logistical constraints. A direct count survey using a single observer was carried out 

in some watersheds, including in the buffer areas. A camera trapping study was carried 

out in both DNP and its buffer areas. The study area was divided into 5 x 5 km grids. 

A total of 116 ReconyxTM camera stations were established at different locations in 

different grids of the study area. Brown bears were sighted in 9 of 27 watersheds 

through the double-observer method, and 30 bears were sighted in 19 sighting events, 

excluding double counts. They were photo-captured at nine camera stations with few 

recaptures, which restricted our ability to perform any population estimation analysis. 

The double-observer data were analyzed using a Huggins Closed Capture model in 

Program MARK. The analysis showed an averaged capture probability (p) 0.48 ± 

0.11 SE with 0.28-0.69 (95% CI) and recapture probability (c) 0.48 ± 0.11 SE with 0.29-

0.68 (95% CI). The averaged population size (N) was 44.64 ± 12.66SE with 19.84 -

69.45 (95% CI) within DNP 's boundary. The percentage of variation attributable to the 

model was 19.63%. In addition to this, ll brown bears were counted using the single

observer method but were not included in the analysis (but were kept separately for the 

record). This study showed that the double-observer method is the most effective 

method for the popUlation estimation and monitoring of brown bears in the plain areas 

ofDNP and other similar areas of High Asia because it increases opportunities to easily 

observe the species in its habitat. It also creates a capture-mark-recapture history based 

on individuals ' unique morphological characteristics. We recommend that bear 
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population surveys in DNP and other similar areas throughout their distribution range 

in High Asia be conducted through the double-observer technique. 

Keywords: Himalayan brown bear, Ursus arctos isabellinus, Deosai National Park, 

double observer, camera trapping, population estimation, High Asia 
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6.1 INTRODUCTION 

The Himalayan brown bear (Ursus arctos isabellinus) is a subspecies of the 

brown bear (Ursus arctos) and represents an ancient lineage that has likely been long

isolated in the mountains of Central Asia (Galbreath et ai., 2007). The brown bear's 

historical distribution range spreads from the Karakorams, Hindu Kush, western 

Himalayas, westem Kunlun Shah, Pamirs, and Tian Shan range in Southern Asia 

(Nawaz, 2007; Roberts, 1977). In Pakistan, the brown bear is distributed over an area 

of about 150,000 krn2 in the country's north em parts (Hag et ai., 2012; Nawaz, 2007). 

Its overall population status throughout its distribution range has not yet been 

determined, although estimates do exist for certain populations. For example, in China, 

brown bears exist in poorly defined populations in the west and northeast, with . 
population estimates of 6,000 and 1,000, respectively. In India, the estimated 

population range is 500-750 individuals (Japan Bear Network, 2006), while in 

Pakistan, information about brown bear distribution and population status is patchy, but 

approximately 150-200 bears may exist in seven populations over three major 

mountain ranges-the Himalayas, Karakorams, and Hindu Kush. Connectivity among 

these seven popUlations is limited, and some are completely isolated (Nawaz, 2007) . 

All of these populations are small and decreasing, except for the Deosai population, 

which is growing (Nawaz et ai., 2008). 

Many populations of brown bears are now isolated and of conservation concem, 

particularly in the southem parts oftheir distribution range (McLellan et ai., 2017). The 

brown bear's phylogeography has been studied comprehensively in many parts of its 

distribution range (Hirata et ai., 2013), but information about its population status in 

Central Asia is minimal-many populations are further fragmented into several smaller 

populations and listed as critically endangered by IUCN (McLellan et ai., 2017). Two 

subspecies of brown bear, the Tibetan brown bear (Uusus arctos pruinosus) and 

Himalayan brown bear, occupy the southem Tibetan Plateau and northwestern 

Himalayas, respectively (Aryal et ai., 2012; Nawaz, 2007). Phylogenetic analyses based 

on mitochondrial DNA suggest that the Himalayan brown bear, which is genetically 

distinct from the Tibetan brown bear, may represent a more ancient lineage (Galbreath 

et ai., 2007), whi le the Tibetan brown bear might be a relict population of the Eurasian 

brown bear (Hirata et ai., 2013). Habitat fragmentation, the main factor leading to the 
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isolation of populations and individuals, has negative genetic and demographic effects 

(Boitani, 2012). The slight genetic difference between geographically distant 

populations of brown bear in Central Asia suggests substantial range expansion during 

the late Pleistocene-Holocene period (Galbreath et aI., 2007). Once abundant in 

northern Pakistan, the Himalayan brown bear has been eliminated from most of its 

former distribution range. This decline may imply a decrease in genetic diversity, 

compromising population survival. The northern Pakistani brown bear population may 

have endured an estimated 200-300-fold decrease during the last thousand years, 

possibly due to glaciations and growing human populations. However, in spite of the 

presence of a bottleneck genetic signature, the population in northern Pakistan has a 

moderate level of genetic diversity and is not at immediate risk of inbreeding 

depression. Gene flow may exist with adjacent populations (Bellemain et ai., 2007). 

In southern Asia, isolated brown bear populations inhabit rugged and remote 

mountainous areas (Servheen et aI. , 1999). Himalayan brown bears in northern Pakistan 

(Deosai) avoid steeper slopes and higher elevations, instead selecting grassy, marshy, 

and stony vegetation. Marshy vegetation is the most preferred habitat, probably because 

it has the highest forage production and density of golden mmmots (Marmota caudata). 

Brown bears tolerate human infrastructures like roads and camps but generally avoid 

grazing areas with high livestock density (Nawaz et ai., 2014). The Himalayan brown 

bear is predominantly herbivorous, as indicated by diet composition in Pakistan and 

India (Nawaz et ai., 2019). In Pakistan, its diet consists of plant matter (64%) and 

animal matter (36%). Eight plant families, Apiaceae, Asteraceae, Caryophyllaceae, 

Cyperaceae, Lamiaceae, Poaceae, Polygonaceae, and Rubiaceae and golden marmots 

are brown bears' main source of meat. Males are generally more carnivorous than 

females, probably because of their larger size and the higher energy demand for hunting 

marmots (Nawaz et aI., 2019) . 

Many techniques are used for monitoring animal populations. Among these, 

camera trapping is one of the most reliable (Agha et aI., 2018; Swann and Perkins, 

2014). The use of camera trapping technology has a long history, beginning in wildlife 

photography more than 100 years ago. It is now a universal tool in ecology and 

conservation- scientific studies using them are published regularly (Wearn and 

Glover-Kapfer, 2017). They include camera trapping in diverse and challenging 
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environments like deserts (Alqamy, 2010), high mountain ranges (Jackson et aI. , 2006), 

dense forests (Ahmad et aI. , 2016), and savannahs (Balme et aI., 2010). Camera trap 

studies can be used for multiple ecological investigations, including population size and 

density (Noss et aI. , 2012), species presence (Ahmad et aI., 2016), habitat use (Rich et 

aI. , 2013), and demographic structure (Karanth et aI. , 2011). Although, there are some 

limitations like low capture rate, unrecognizable individual etc ., for low density species 

in challenging terrain and especially where individual markings are not proven 

approaches to recognize individuals. Still Camera trapping is more convincing tool, as 

compared to older methods such as line transects, fixing traps, track surveys, and human 

interviews, for detecting elusive and nocturnal species (Hossain et aI., 2016). 

The double-observer teclmique for population estimation was originally 

developed to estimate the detection probabilities of aerial surveys of various taxonomic 

groups (Cook and Jacobson, 1979; Graham and Bell, 1989). It has been found to be 

applicable to birds (Nichols et aI., 2000), bats (Duchamp et aI., 2006), ungulates 

(Jenkins and Manly, 2008), and rodents (Corlatti et aI. , 2015). In general, the technique 

involves two observers searching for and counting animals simultaneously while 

ensuring they do not cue each other on the locations of the animals (Suryawanshi et aI. , 

2012). It was initially standardized by Forsyth and Hickling (1997) to estimate the 

abundance of Himalayan tahr (Hemitragus jemlahicus) in New Zealand. This survey 

technique was further modified and applied to estimate mountain ungulate populations, 

e.g., bharal (Pseudois nayaur) and ibex (Capra sihirica) (Suryawanshi et aI. , 2012). 

The double-observer survey method is based on the principles of mark-recapture 

theory (Forsyth and Hickling, 1997). A capture history can be built for each observed 

individual, and data can be analyzed in a capture-mark-recapture-like fashion (Williams 

et aI. , 2002). The method is usually implemented for ungulate species population 

estimation but has also been used in some form for brown bear population estimation 

(Quang and Becker, 1997; Walsh et aI. , 2010). 

Habitat utilization by Himalayan brown bears is quite different from that of other 

brown bear populations. They generally inhabit open, high-elevation plateau in 

Pakistan, India, China, and Central Asia. This habitat uniqueness offers different types 

of opportunities and challenges for monitoring bears. In this study, we tested two 

different approaches- camera trapping and the double-observer method in Deosai 
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National Park (DNP). The aims were to assess their effectiveness for brown bear 

population estimation in an open area, and develop recommendations for monitoring 

Asian brown bear populations across their entire distribution range. 

6.2 MATERIALS AND METHODS 

6.2.1 Study area 

This study was conducted in DNP (Figure 6.1) and its surrounding areas-it is 

a continuation of previous studies by Nawaz (2008, 2007). DNP (75° 27' N, 35° 00' E) 

is 1,800 km2 of alpine plateau east of Nanga Parbat (peak) in northern Pakistan. It is a 

relatively flat area between narrow valleys and steep mountains, close to the Line of 

Control (military control line ) with India. The Deosai plateau was designated a national 

park in 1993 to protect the largest remnant population of brown bears in Pakistan 

(Nawaz et al., 2008). Elevations range from 3,500 m to 5,200 m, with about 60% of the 

area between 4,000 m and 4,500 m. Mean daily temperatures are in the range -20- 12° 

C. There are four kinds of habitats in the park: marshy, grassy, stony, and rocky. The 

brown bear is DNP 's flagship species. Other important mammalian species in the park 

territory include the Tibetan wolf (Canis lupus chanco), Himalayan ibex (Capra ibex 

sibrica), Tibetan red fox (Vulpes vulpesmontana), golden marmot (Marmota caudata), 

and 17 other small mammal species (Nawaz et aI., 2008). 

DNP is a typical highlands ecosystem characterized by low atmospheric 

pressure, low temperatures, aridity, low oxygen and carbon dioxide levels, intense 

insolation, rapid radiation, and high ultraviolet radiation (Mani, 1990). The park is 

covered by snow most of the year (October-May, depending on the weather). 

Therefore, brown bears, who usually den in the surrounding valleys, move into DNP in 

June and leave in early October when the snow returns. 

6.2.2 Survey methods 

Three different survey techniques were used to detennine the study area's 

brown bear population size. We sought to assess the effectiveness of the methods in 

obtaining data for the population estimation of brown bears in DNP. 
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6. 2. 2.1 Visual count by double observers 

Deosai's treeless vegetation and relatively gentle terrain allow good visibility. 

This makes it possible to locate and follow bears from a distance of 2-3 km without 

any major technology, and directly count them- a method that was used in an annual 

census of DNP bears during the period 1994-2006 (Nawaz et aI., 2008). Bears' 

markings make them recognizable, which helps avoid double-counting. In Deosai 

brown bears are morphologically recognizable (Nawaz et aI. , 2008) due to following 

factors: 

o Color variation: Four pelage colors were identifiable; blonde, silvertip, light 

brown and dark brown. Individuals generally darkened with age, and females 

were usually lighter than males. 

o White patches: Many individuals had characteristic white patches. These 

patches are variable; some individuals had a white snout, others white ear tips. 

White oval patches on the shoulders were relatively common, but their sizes are 

variable. 

o Size: Brown bears are sexually size dimorphic, adult females in Deosai have a 

mass of 60-80 kg, adult males 120-150 kg, and sub-adult males 50-60 kg. 

A direct count using a double-observer survey was conducted in DNP III 

summer season from 25-August to 01-September, 2012. This was the best time as Park 

area is open and accessible as well as the bears are usually more active at this time. The 

method (Suryawanshi et aI., 2012) was implemented by dividing the park into 45 blocks 

based on major watersheds and roads (Figure 6.1). Brown bear counting was carried 

out in 27 ofthe 45 watersheds. Two teams of observers searched each block. Both teams 

searched the block simultaneously and were separated by 1-2 km. Both observers 

recorded sightings along with other relevant information about brown bear size, sex, 

habitat, and disturbance. On return from the survey, both teams tallied their 

observations and developed capture-recaptured histories. Captures and recaptures were 

marked as 'Is ' and 'Os' on the datasheet, respectively. Animals sighted by both 

observers were marked as ' 11 ' . They were marked as '10 ' or '01' if missed by either 

observer. 

179 



Eco logy and Conflict Dynamics of Apex Predators in Northern Pakistan 

6.2.2.2 Visual count by a single observer 

The direct count survey by a single observer was conducted Autumn season, 

from 04-25 September 2012, in some of DNP's remaining areas where the doub1e

observer survey was not possible due to logistical constraints. Single-observer counts 

were also extended to some of the peripheral valleys. Those sites were searched by a 

single observer only, and these data were used to estimate the minimum number of 

bears in that area. 
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Figure 6.1. Watershed-based divi sion of study area and locations of brown bears sighted in 

DNP and buffer areas during double- and single-observer surveys in 201 2. 

6.2.2.3 Camera trapping 

Camera trapping was conducted in DNP and its buffer areas in 201 2 to assess 

the population status of brown bears in the park. The park was divided into 5 x 5 km 

grids (Figure 6.2). A total of 116 ReconyxTM (HC500 HyperfireTM and PC900 

HyperfireTM; Reconyx, Holmen, Wisconsin, USA) camera stations were established 

in different grids. Each camera remained functional in the field for 15- 20 days. The 

camera trapping study was completed in two rounds. In the first round, 58 cameras were 
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installed. We relocated these cameras to the buffer areas during the second l'Olmd to 

increase the number of sampling units (Li et aI. , 2018; Sasidhran et aI. , 2016). 

No more than two camera stations were set up in a grid to cover the park. 

Cameras were set up at least 1 km apati to decrease overestimation. Shooting when 

changes in ambient temperature are detected, these cameras were set for a one-second 

delay between photos, tlu'ee photos per trigger, and high sensitivity options. Camera 

station sites were selected based on signs and animals' specific travel routes. Two types 

oflures were used- fish oil on plaster tablets and castor (Bischof et aI. , 2014). Camera 

trapping photos were used to confirm the presence of brown bears in several blocks. 
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Figure 6.2. Study area map showing 5 x 5 km grids, installed camera locations, and brown 

bear capture locations. 

6.2.3 Statistical analysis 

The double observer data were analyzed in Program MARK (White and 

Burnham, 1999) using the Huggins Closed Captures option (Huggins, 1991 , 1989). 

Huggins Closed Capture models provide estimates of capture and recapture probability 

(denoted by p and c, respectively), atld permit the inclusion of individual covariates 

(Evan Cooch and White, 2013 ; Huggins, 1991 , 1989). Capture-recapture histories were 
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made, and different factors such as sex, body size, habitat, and grazing pressure were 

included as individual covariates. Several models were tested (Burnham and Anderson, 

2002) to estimate the capture probability (p), recapture probability (c), and population 

size (N), which was a derived parameter- because it also estimates the number of 

animals not captured. 

The number of brown bear individuals counted using a direct count by a single 

observer was not added to the population estimated using the double-observer 

technique. There was not enough camera trap data to apply capture and recapture 

analysis, so the data were used only to confirm brown bear presence in several grids. 

6.3 RESULTS 

6.3.1 Brown bear population estimation 

6.3. 1.1 Double-observer counts 

Brown bears were sighted in 9 of 27 surveyed watersheds during the double

observer survey. A total of 30 bears were sighted in 19 sightings, excluding double 

counts (Table 6.1) (Figure 6.1). Using Huggins Closed Capture in Program MARK, 

different models (Burnham and Anderson, 2002) were run to find estimates and the 

effect of individual covariates (Table 2). No single model supported the data 

adequately . Model averaging was, therefore, used to estimate capture probability (P), 

recapture probability (c), and population size (N) . Averaged capture probability (P) was 

0.48 ± 0.11 SE with 0.28-0.69 (95% CI) and recapture probability (c) was 0.48 ± 0.11 SE 

with 0.29-0.68 (95% CI). Averaged population size (N) was 44.64 ± 12.66SE with 

19.84-69.45 (95% CI). The percentage of variation attributable to the model was 

19.63%. 

Table 6.1. Sex and age distribution of brown bears during the survey in DNP and its buffer 

areas . 

Method Male Female Coy Cub Unknown Total 

Double-observer counts (DNP) 10 9 4 7 o 30 
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Single-observer counts (buffer 

areas) 

Camera traps 

Total 

3 

5 

18 

4 o 

3 o 

16 4 

4 o 11 

2 11 

13 1 52 

Individual covariates were also tested. It was found that brown bear population 

sightings were very low in areas grazed by livestock-brown bears were detected 

mainly in undisturbed areas (Figure 6.3a). It was also observed that sighting probability 

increased with body size (Figure 6.3b). 
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SIZE 

b: 

Figure 6.3. a) Effect of grazing pressure on brown bear sightings, b) Effect of body size on 

brown bear sightings 

Table 6.2. Models used and their AICc values, likelihood, number of parameters and deviances 

Model Alec Delta Alec Model Num. Deviance 

Alec Weights 
likelihood par 

{p(grazing) } 66.79 0.00 0.23 1.00 2.00 62.58 

{p(size+grazing) } 67.81 1.02 0.14 0.60 3.00 61.38 

{Mo} 67.99 1.20 0.12 0.55 1.00 65.91 

183 



Eco lo gy and Conflict Dynamics of Apex Predators in Northern Pakistan 

{p( sex+grazing)} 68 .76 1.98 0.08 0.37 3.00 62.34 

{p(hab i tat+grazing)} 68.99 2.21 0.07 0.33 3.00 62.57 

{p(size)} 69 .83 3.04 0.05 0.22 2. 00 65.62 

{p(sex) } 69.83 3.04 0.05 0.22 2.00 65.62 

{p(size+grazing+sex) } 69.95 3.16 0.05 0.21 4.00 61.22 

{p(hab itat) } 69.98 3.19 0.05 0.20 2.00 65.77 

{p(s ize+grazing+habitat) } 70 . 11 3.32 0.04 0.19 4.00 61.38 

{Mb} 70.13 3.34 0.04 0.19 2.00 65 .92 

{Mt} 70.13 3.34 0.04 0.19 2.00 65.92 

{p(s ize+sex) } 71.81 5.01 0.01 0.09 3.00 65.38 

{p(s ize+habitat) } 71.92 5.14 0.02 0.08 3.00 65.50 

6.3.2 Single observer counts 

Brown bear sightings were also recorded by direct counts conducted by a single 

observer in the areas where double-observer surveys were not possible. A total of 11 

bears were sighted in 7 sighting events (Table 6.1). 

6.3.3 Photo-capture record 

Brown bears were photo-captured at 9 of 116 camera stations set up during the 

study period. A total of 11 animals were captured, including five males, three females, 

two cubs, and one unidentified adult individual (Table 6.1). Brown bears disturbed 

some of our cameras-two were fu lly displaced from their positions. Photo-captured 

bears appeared to be different individuals based on size and physical features (Plate 

6.1). Only one block had two captures. The recapture rate was low in camera trappings, 

which meant population estimation using the capture-mark-recapture method was not 

possible. Other carnivore species like wolves and foxes were also photo-captured at 

various camera stations. 
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Plate 6.1. Brown bears and associated habitat photo-captured in the study area during the 
double-observer survey and camera trapping studies. 

6.4 DISCUSSION 

We tested camera trapping and the double-observer survey technique for brown 

bear population estimation in DNP and its buffer areas. We concluded that the direct 

count using the double-observer method was the most effective technique as compared 

to camera trapping and long term monitoring in an open area like DNP-the park is 

open and relatively flat, allowing long-distance sightings. Brown bears were photo

captured at 9 of 116 camera stations, while direct sightings occurred on 26 occasions in 

a number of watersheds. The photo-capture record indicated a low capture history of 

brown bears in the study area. The main reason for this was the terrain. The study 

showed that camera trapping surveys are likely to be less efficient in habitats with open 

spaces (deserts, grasslands, and wetlands) compared to more 'restricted' areas like 

forests and mountains \",here animal movement is relatively limited. Open habitats often 

lack obvious trails or places that animals are likely to visit, making other methods like 

direct observation sometimes more effective (Silveira et aI. , 2003; Wearn and Glover-
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Kapfer, 2017). The same problem was faced during the current camera trapping study 

because the study area is a plateau without defined trails- which are usually ideal for 

camera installation (Goulart et aI. , 2009; Harmsen et aI. , 2010; Melo et al. , 2012). Open 

and flat plateau like DNP allow animals to move freely. This makes camera site 

selection difficult. Camera trapping studies conducted by the Snow Leopard 

Foundation (SLF) throughout the brown bear's distribution range in northern Pakistan 

show low capture rates for brown bears. In these studies, over 800 cameras were 

installed in 25 different study sites for more than 20,000 trap-days. Brown bears were 

photo-captured in just 36 events at 28 camera stations, which illustrates their 

ineffectiveness in studying brown bears (SLF, unpublished data). 

Another disadvantage of camera trapping specific to DNP is the terrain. Past 

reseat;ch (Nawaz, 2008) indicates that brown bears prefer marshy areas in DNP where 

setting cameras up was particularly difficult due to tall grass and loose substrate. Brown 

bears were also found to be aggressive or playful with cameras, often dislodging them. 

Combined, the aforementioned factors contributed to a low photo-capture record, 

making capture-recapture analysis impossible. The direct-count method (single 

observer) is an effective technique for counting brown bears. However, direct counting 

by double-observer is more effective as it creates capture-recapture histories 

(Suryawanshi et al., 2012) based on individuals' unique markings, pelage color, body 

size, and sex (Nawaz, 2008), which can be used for population estimation using the 

program MARK. Repeating these surveys every summer season in the areas like DNP 

will be helpful to measure popUlation dynamics of the brown bear over the time. 

There are numerous problems associated with large carnivore conservation and 

management (Wilson and Delahay, 2001). Large carnivores' position at the top offood 

webs and their potential impact on human communities makes them significant in 

conservation and management actions (Moore et aI. , 1999). Globally, there is concern 

about their distribution and population status. Monitoring the populations of rare and 

elusive wildlife species is necessary for effective management (Thompson, 2004). In 

Pakistan, DNP has long been recognized as the main stronghold of brown bears in the 

country (Nawaz, 2007; Roberts and d'Olanda, 1977; Schaller, 1976). Population 

surveys in 1993 revealed that there were no more than 20 individuals in DNP (Nawaz, 

2008). The Deosai plateau was declared a national park the same year to protect this 
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small population. A conservation program was initiated to protect the species and its 

habitat to allow population recovery. The population size was set as an indicator of the 

park's success and monitored during 1994-2006. An annual census was conducted 

using a direct count method. The park and buffer areas population increased to 43 in 

2006- an estimated annual increase of five percent (Nawaz et ai. , 2008). This survey 

continued past monitoring programs using a more reliable survey technique and modern 

analytical tools. Based on the findings of double observer technique, a population of 

about 44.64 ± 12.66SE brown bears exists in DNP. The current brown bear population 

in the study area is evidence of a slow annual increase (Nawaz, 2008). The brown bear 

reproductive rate in northern Pakistan is considered low compared to other documented 

populations. It is due to the late age of first reproduction (8.25 years), a long 

reproductive interval (5.7 years), and small litter size (1.33). The family association 

(4.2 years) is the longest reported for brown bears and may contribute to the higher 

survival of young (Nawaz et ai., 2014). Poor habitat quality, low-quality food, high 

seasonality, and extreme weather conditions likely explain poor reproductive 

performance (Nawaz, 2008). The increasing population trend is also due to the 

dedicated efforts of the Gilgit-Baltistan Forest and Wildlife Department, particularly its 

strict control over poaching. 

6.4.1 Conclusion and Recommendations 

This study concludes that the double-observer method is the most reliable method 

for brown bear population estimation in the plain area of DNP and other such areas in 

High Asia. Other methods, such as camera trapping and direct counts by a single 

observer, are less effective. Plain areas with not preferred rout like DNP are not suited 

to camera trapping, but the double-observer method increases sighting chances and 

creates a capture-mark-recapture history based on individuals' unique appearance. This 

study showed a slow population increase rate in DNP and its buffer areas. An annual 

census of brown bear should be conducted in summer season to monitor population rate 

over the time. If annual census is not possible, population surveys must be conducted 

once in five years for future comparison. It is recommended that future bear population 

surveys in DNP and other similar areas in High Asia be conducted using the double

observer technique. 
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Population in Deosai National Park, Pakistan 
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7 Growing Threats to the Recovering Brown 

Bear Population in Deosai National Park, 

Pakistan 

ABSTRACT 

The Himalayan brown bear (Ursus arctos isabellinus) is a subspecies of the brown bear. 

In Pakistan, seven populations of brown bear may exist in the Himalayan, Karakoram, 

and Hindu Kush ranges. All of these are small and declining, except for the Deosai 

Plains population, which is growing. This study was conducted in Deosai National Park 

(DNP) and its buffer area with the aim of identifying threats to the recovering brown 

bear population. A human-carnivore interaction survey was conducted in the 

communities around DNP in 2012. Some 139 local people were interviewed about 

household size, number of heads of livestock owned, sightings of large carnivores, 

cases of livestock depredation by carnivores in the last five years (2007-2011), and 

community perceptions and attitudes about large carnivores. A structured questionnaire 

and park map was used to identify the park resources used by different stallholders. The 

respondents reported 1,526 livestock losses with an economic loss of USD 167,720 

(PKR 16,772,000) due to large carnivores and disease. Of the reported figure, 

carnivores-snow leopards, brown bears, wolves, and Himalayan lynx-were held 

responsible for 468 livestock losses (94 per year) which translated into USD 49,250 

(USD 70.9 per household per year), while disease accounted for 1,058 losses (212 per 

year). Brown bears were blamed for 35 livestock losses (7 heads per year) with an 

economic cost ofUSD 6,560 (USD 1,3 12 per year and USD 9.4 per household). Local 

people also reported crop damage due to brown bears in the Shilla and Dhappa valleys, 

with an estimated annual economic loss of USD 111 (USD 1.11 per household). 

However, while they were strongly against the presence of wolves and snow leopards 

in the area, they wanted to maintain the current brown bear population. A park resource

use survey showed that there were 28 camps in DNP- 15 nomad (gujjar) livestock 

camps, 5 local livestock camps, 3 contractor camps, 2 hotels, 2 military posts, and 1 

metrological station. This study conclude that livestock is the major threat to brown 

bear habitat, with a total of 13,876 heads of livestock reported by gujjars and local 
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people within park territory. There has been a substantial expansion in grazing land, 

particularly in the northern and southwestern areas, compared to 2006. This study 

highlights the threats to recovering bear population in DNP. Based on finding of this 

study it is highly recommended that brown bear habitat be protected by restricting gujjar 

livestock to a distant area. 

Keywords: Himalayan brown bear, Pakistan, Deosai National Park, livestock, threats 
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7.1 INTRODUCTION 

Large carnivores play an important role at the top of the food web due to their 

large body size (Edwards, 20 14; Meyer, 2011 ; Ripple and Beschta, 201 2). They alter 

the structure and function of the entire ecosystem by potentially limiting the number of 

their prey (Terborgh et al., 2001 ; Treves and Karanth, 2003). Moreover, top predators 

with large spatial requirements play vital roles in biodiversity maintenance (Terborgh, 

1992). Decreases or complete elimination of top predators may provoke an imbalance 

at several levels of the ecosystem. Conservation strategies for existing populations of 

large carnivores and restoration programmes for diminishing populations can help 

maintain ecosystem balance and foster positive human perceptions of nature (Palazon, 

2017). Populations of large carnivores are typically at low densities and with low 

reproductive potential , partly because of their large spatial requirements and 

vulnerability to habitat destruction (Noss et al., 1996; Rosenblatt et al., 2013). This 

feature makes popUlations of large carnivores especially vulnerable to catastrophic 

events or continued declines, from which they recover slowly (Edwards, 2014). 

Human-wildlife conflict is one of the most serious problems for carnivore 

conservation. Rooted in human history , it has intensified over time. Due to this conflict, 

many species, especially large carnivores, have become extinct or threatened, or their 

populations are rapidly decreasing in most parts of the world (Jamtsho and Katel, 2019; 

Ripple et al. , 2014). Human-carnivore conflict is an important aspect of human-wildlife 

conflict and occurs when carnivores prey on livestock or cause human injury or even 

death (Thorn et al., 201 2; Treves and Karanth, 2003). 

Human-carnivore conflict occurs across the world and involves many different 

carnivore species. For example, snow leopards (Panthera uncia) often prey on livestock 

in the mountainous areas of Central Asia (Bagchi and Mishra, 2006), hyenas (Crocuta 

crocuta) and lions (Panthera leo) are responsible for large livestock depredation in 

Africa (Kissui, 2008; Kolowski and Holekamp, 2006), grey wolves (Canis lupus) prey 

on livestock in North America (Musiani et al., 2003), brown bears (Ursus arctos) attack 

humans in the Tibetan Plateau of northwest China (Worthy and Foggin, 2008), and 

dingoes (Canis lupus dingo) are responsible for the depredation of sheep and beef cattle 

in Australia (Allen and Sparkes, 200 1). 
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People living in and around carnivore habitats suffer from livestock losses, and 

sometimes even fatal attacks on humans (Can et al. , 2014; Lodhi, 2007). As a result of 

these losses, humans sometimes take direct action against these carnivores using 

poisons, or hunting and shooting them. Such actions depend on people's tolerance of 

damaging species (Frank et a1. , 2005). Worldwide, the conflict between humans and 

bears appears to have drawn less attention than conflict with other large carnivores such 

as felids (Macdonald et al. , 2010) and canids (Macdonald and Sillero-Zubiri, 2004). 

Human-brown bear conflicts occur as a result of crop and beehive damage, livestock 

depredation, and diminishing public tolerance of bears (Qashqaei et al., 2014; Rigg et 

al. , 2011) . This conflict has consequences for both bears and local communities. 

The Himalayan brown bear (Ursus arctos isabellinus) is a subspecies of the 

brown bear (Ursus arctos) and represents an ancient lineage that has probably been 

long-isolated in the mountains of Central Asia (Galbreath et al., 2007). In Pakistan, the 

brown bear is distributed over an area of about 150,000 km2 in the northern parts of the 

country (Nawaz, 2007). However, information about brown bear distribution and 

population status is sparse-approximately 150-200 bears may be surviving in seven 

populations in the Himalayas, Karakorams, and Hindu Kush. All of these populations 

are small and decreasing, except for the Deosai population, which is growing (Nawaz 

et a1. , 2008). In Pakistan, the Deosai National Park (DNP) has long been recognized as 

the country's main brown bear stronghold (Nawaz, 2007). Population surveys in 1993 

revealed that there were no more than 20 individuals in DNP (Nawaz, 2008). The 

Deosai Plateau was declared a national park in 1993 to protect this small population. A 

conservation programme was initiated to protect the population and its habitat to allow 

population recovery. Population size was monitored during 1994-2006 and increased 

to 43 individuals in the DNP and its buffer area, with an estimated annual increase of 

five percent (Nawaz et al. , 2008). 

The brown bear in northern Pakistan is facing a number of threats, e.g., growing 

human population, expanding infrastructure, increasing livestock, increasing 

dependency on natural resources, poaching, and growing and unmanaged tourism 

(Nawaz, 2007). Human-brown bear conflict is a little-studied topic. Thus, the main 

objective of this study was to determine key threats in DNP and surrounding areas that 
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playa major role in hindering brown bear population recovery and hamper human

carnivore co-existence in the study area. 

7.2 MATERIALS AND METHODS 

7.2. 1 Study Area 

The study was conducted in DNP and its buffer area (Figure 7.1). The Deosai 

Plateau is situated between two ofthe world's major mountain ranges-the Karakorams 

and Himalayas. DNP is a plateau in the alpine ecological zone encompassing about 

20,000 km2
. It is situated 30 km south of Skardu and 80 km east of Nanga Parbat 

(mountain) (Bellemain et al. , 2007) . Elevations range from 3,500 m to 5,200 m, with 

about 60% of the area between 4,000 m and 4,500 m (Bellemain et al., 2007). 

DNP 's documented biota includes 342 species of plants, 18 of mammals, 208 

of birds, 3 of fish, 1 of amphibian, and 2 of reptiles (Woods, 1997). Most of the plant 

species are herbaceous perennials-cushion-forming and tufted plants are common. 

The plains present a mosaic of plant communities according to water availability. The 

low-lying areas usually consist of bogs and pools dominated by grasses, sedges, and 

plants like Saxifraga hircus, Swetiaper Joliata, and Aconitum violaceum (Bellemain et 

al., 2007). Mammalian species' include the brown bear, Tibetan red fox (Vulpes 

vulpesmontana), Tibetan wolf (Canis lupus chanco), golden marmot (Marmota 

caudata), Himalayan ibex (Capra ibex sibirica), and 17 other smaller species (Nawaz 

et al. , 2008). 

7.2.2 Survey Methods 

Two different survey techniques were used to determine the magnitude of 

human-carnivore interaction and park resource use by local people and nomads alias 

gujjars. 

7. 2. 2.1 Human-carnivore interaction survey 

A human-carnivore interaction survey was conducted in DNP's communities in 2012 

(Figure 7.1). Standardized human-carnivore conflict surveys were conducted at the 

household level by experienced Snow Leopard Foundation (SLF) field staff in the 

adjacent valleys/sub-valleys of DNP-Kharmang, Monthoka, Dhappa, Shilla, and 
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Sadpara. A total of 139 people were interviewed by selecting household heads or other 

adults. QuestiOlmaires, interviews, and sighting reports by local communities were used 

to document animal distribution and conflict with humans (Henke and Knowlton, 1995; 

Hussain, 2003; Mishra et ai. , 2006). 
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Figure 7.1. Questionnaire survey sites in DNP's buffer area. 
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Information collected included household size, bear/large carnivore sightings, 

number of heads of livestock, and livestock killed by carnivores in the last five years 

(2007-2011). Additional information like community perceptions of carnivores

especially bears- and attitudes towards carnivore species were noted. Sighting reports 

were confirmed by asking species-specific questions on appearance, size, and 

behaviour. 

7. 2.2.2 Park resource-use survey 

A park resource-use survey (Appendix 7.1) was conducted in 2012 to identify 

and quantify resources used by humans and their livestock within the park. Livestock 
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herderslgujjars are seasonal park visitors, usually arnvmg in June and leaving in 

September depending on weather conditions. A structured questionnaire and park maps 

were used to mark areas used by different stakeholders. Intensity of use was also noted. 

7.2.3 Statistical Analysis 

Human-carnivore interaction data were analysed in MS Excel using average, 

percentage and plot functions while park resource utilization data were analysed in 

ArcGIS lOusing Spatial Analyst Tool. 

7.3 RESULTS 

7.3.1 Livestock demography and associated livelihoods 

The livelihood system in the study area is predominantly agro-pastoral, where 

livestock plays a crucial role. Surveyed households (n = 139) reared a total of 2,S89 

heads of livestock with an average herd size of 19 animals per household. Goats 

accounted for the largest percentage of livestock (SS%), followed by sheep (27%) and 

cattle (18%). In the last year, 139 respondents reported selling of 266 heads oflivestock 

for USD 42,248 (PKR 4,224,800) which yielded an average annual income ofUSD 304 

(PKR 30,394) per household. 

7.3.2 Average annual sightings 

A total of 139 persons were interviewed about large carnivore sightings during 

the past five years (2007-2011) in DNP's surrounding valleys. The average annual 

sighting rate per respondent for the brown bear (1.0) was greater than that of other 

predators like the wolf (O.S) , snow leopard (0.1), and lynx (0.1), which may indicates a 

higher abundance of brown bears in the study area. 

7.3.3 Livestock depredation and economic loss 

The 139 respondents of the study area reported I ,S26 livestock losses to 

depredation and disease during the past five years. Carnivores were held responsible 

for 468 livestock losses (94 per year) while diseases accounted for 1 ,OS 8 losses (212 

per year). Wolves were blamed for the highest livestock loss (61 %), followed by snow 

leopards (22%), brown bears (1 S%), and lynx (2%). The most favoured species of prey 
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was the goat which accounted for 67.5% of total depredation. This was followed by 

sheep (27.6%) and cattle (4.9%). 

Table 7.1. Livestock depredation and economic loss (USD) due to carnivores in the study area, 

2007-201 2 

Total 
Brown Snow 

Livestock Lynx Wolf predation Disease loss Total 
bear leopard 

loss 

90 20,700 1,620 
Goat 

6,030 28,440 65,700 94,140 

(I) (230) (18) (67) (316) (730) (1046) 

90 8550 540 2,430 11 ,610 22,770 34,380 
Sheep 

(I) (95) (6) (27) ( 129) (253) (382) 

Cattle 
2,800 4,400 2,000 9,200 30,000 39,200 

0 
(7) (I 1) (5) (23) (75) (98) 

180 
Total loss 

32,050 6,560 10,460 49,250 118,470 167,720 

(2) (332) (35) (99) (468) (1058) (1,526) 

Annual loss 36 6,410 1,312 2,092 9,850 23,694 33,544 

per 
0.3 46.1 9.4 15.1 70.9 170.5 241.3 

household 

USD 1 = PKR 100. Numbers in parentheses represent livestock losses 

The repOlied figure of 1,526 livestock losses constituted an economic loss of 

USD 167,720 or PKR 16,772,000 (USD 241.3 or PKR 24,132 per household per year) 

to 139 households. Of the total loss, carnivores were blamed for an annual economic 

loss of USD 49,250 (USD 70.9 per household per year) while disease contributed an 

annual loss of USD 118,470 (USD 170.5 per household per year) (Table 7.l). Crop 

damage was also reported, but only in the Shilla and Dhappa valleys, with an estimated 

annual economic loss of USD 111 or PKR 154.29 (USD 1.11 or PKR 111 per 

household). 

7.3.4 Human acceptance and perceived danger 

Questions were asked on people's perceptions of brown bears and other 

carnivore species. Public responses about brown bears were categorized as positive 

(maintain = 1 and increase = 2) and negative (eliminate = 3, decrease = 4). Local 

people's perceptions of brown bears were mixed-though unhappy, they did not want 

to eliminate the animal. A greater percentage (51 %) of the respondents was willing to 
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maintain the current population. In comparison, 46% of the respondents possessed a 

negative attitude towards brown bears. 
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Figure 7.2. Perceived danger from various carnivores 

People also perceived brown bears as the least dangerous among all predators 

in Kharmang, Monthoka, and Sadpara. By contrast, people in Dhappa and Shilla 

considered brown bears the most dangerous predators after wolves. The wolf was 

considered the most dangerous predator throughout the study area, while perceptions 

of snow leopards and lynx varied (Figure 7.2). 

7.3.5 Park resource use 

The park resource-use survey showed that there were 28 human occupations in 

DNP; 15 nomad (gujjar) livestock camps, 5 local livestock camps, 3 contractor camps, 

2 hotels, 2 military posts, and 1 metrological station. Livestock is the major threat to 

brown bear habitat, and gujjars and local people reported the presence of 13,876 heads 

of livestock in park territory. Of these, gujjars reported 6,000 heads of livestock-the 

rest belonged to local communities and contractors. Compared with 2006, we 

documented a substantial expansion of grazing land, particularly in the park's nOlihem 

areas. Expansion was also visible in the southwestern areas (Figure 7.3). 
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Figure 7.3. Spatial pattern oflivestock grazing in Deosai National Park in 2012 

7.4 DISCUSSION 

The questionnaire-based survey showed that diseases in the study area were the 

main cause of economic loss in the form of livestock mortality. Disease is the main 

factor responsible for livestock losses in various other regions despite the fact that 

globally it is rarely reported in scientific literature relating to human-wildlife conflict, 

and challenges the notion that predators are always responsible for livestock losses 

(Ahmad et aI., 2016; Dar et aI. , 2009; Soto-Shoender and Giuliano, 2011). This study 

showed that disease caused more than twice the economic loss of depredation by 

carmvores. 

Most large carnivore species are in global decline due to conflict with humans, 

particularly over depredation of small and large livestock (Distefano, 2005; Michalski 

et aI. , 2006). In the Himalayan and Hindu Kush mountains, increased livestock 

depredation by large carnivores has been attributed to increasing livestock populations 

(Hussain, 2003; Mishra, 1997; Suryawanshi, 2013). Respondents in this study reported 

a total of 468 livestock losses (94 per year) with an economic loss ofUSD 49,250 (USD 
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71 per household) to different carmvore speCIeS inhabiting park territory and 

surrounding areas. The largest numbers of livestock were killed by the grey wolf and 

snow leopard. The lynx and brown bear were responsible for lower numbers. A recent 

study by Nawaz et al. (2019) on DNP brown bear diet analysis showed that the species 

was predominantly vegetarian; 70% of analysed scats were composed of plant 

residue-with very low dietary meat. This could explain the small number of livestock 

attacked by brown bears. The study showed that small-sized livestock such as goats and 

sheep were killed in greater numbers as compared to cattle. First, this is due perhaps to 

the greater number of goats and sheep owned by local people. Second, carnivores 

usually target medium-sized livestock (25-45 kg) such as goats and sheep because they 

can be easily killed and dragged to safety (Ahmad et al. , 2016; Dar et al., 2009). 

Livestock losses due to wolves and snow leopards could also be attributed to thin 

natural prey, attracting carnivores to livestock instead that have no anti-predatory 

strategies, making them easier to kill (Vos, 2000). The 35 reported heads of livestock 

killed by brown bears during the study period caused an annual economic loss of USD 

1,3 12 (USD 9.4 per household), which is much lower than the annual economic loss 

USD 6,285 (USD 42 per household) caused by this species in the area adjacent to DNP 

(Ahmad et al. , 2016). 

Public attitudes toward individual carnivore species were different. Local people 

have highly negative perceptions of wolves-followed by snow leopards-due to 

considerable economic losses in the form of livestock depredation. These negative 

perceptions are related to predation rates (Xu et al., 2015). Livestock depredation by 

carnivores causes large economic losses in a short time, thus negatively influencing 

livestock owners' opinions (Din et aI., 2019). Brown bears and lynx were considered 

the least dangerous carnivores for livestock, although the forn1er were held responsible 

for crop damage of USD 111 (USD 1.11 per household). Economic losses due to crop 

damage by brown bears in DNP were lower than corresponding losses (USD 6 per 

household) in DNP (Ahmad et al. , 2016). Combined with restrictions on the use of 

natural resources, such losses are likely to generate an aggressive attitude towards 

conservation and may provoke retaliatory action by farmers (Conforti and De Azevedo, 

2003). Communities consider wolves and snow leopards to be the most dangerous 

carnivore species for livestock, while brown bears were considered relatively less 

dangerous and [communities] were willing to tolerate their current population size. 

206 



Ecology and Conflict Dynamics of Apex Predators in Northern Pakistan 

Local people, particularly in Dhappa and Shilla, were concerned about crop damage by 

bears in addition to occasional depredation. It is noteworthy that crop damage at high 

elevations, however minimal , makes life difficult for farmers in harsh weather. 

Growing livestock numbers (an estimated 35% increase from 2006 to 201 2), 

increasing grazing camps, and expanded park grazing are the key factors that require 

immediate attention from management authorities . Grazing has been particularly 

expanded in the northern and south-eastern parts of the park. Gujjars are mainly 

responsible for expanded grazing via invasion into deeper habitat, thereby violating an 

initial understanding with park management. Local communities have increased 

grazing intensity, but not expanded their grazing areas. 

7.4.1 Conclusion and Recommendations 

The questionnaire study showed that an intense level of conflict existed between 

carnivore species and humans in the study area due to considerable livestock 

depredation by large carnivores and crop damage by brown bears . Based on this study, 

it is recommended that livestock numbers in DNP be monitored carefully and gujjar 

livestock be reassessed. Discussions need to be initiated with gujjars in the context of 

their recent invasion of additional park areas. A clear demarcation of their grazing areas, 

as practised before 2006, must be done, and their livestock should be restricted to those 

areas. Their camps should also be restricted to designated areas . 

The Gilgit-Baltistan Parks and Wildlife Department should consider building 

proper huts for park staff. This will enhance their efficiency in monitoring park 

resources, their use, and any violations. 
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APPENDIX 7.1. PARK RESOURCE USE SURVEY 

Enumerator Name _ _ _ __________ .Date _ ____________ _ 

Loaction Name: ---------------------- - - ---

GPS Coordinates: 

N I 00.000000 

Type of Human Activity : 
(Tick the re levent co lumn) 

E 00.000000 

Gujjar Livestock Local L ivestock Contractor 's Military Hotel Other 
Camp Camp Camp Post/camp 

DeatH Description: 

No. of Tents : _ ________ _ Area Covered: ------ ----

No . People: _____ _____ _ Total Stay in DNP (months): ____ _ 

Date of Arrival: ___ _ _ ___ _ Date of Departure: ________ _ 

Livestock: 

Goats Sheep Cattle Other 

Areas being used for grazing or other purpose: 
(Mark area on a map attached to this form) 

Comments/Add itional Detail s: 

Predation Losses 

Predation in 5 years: 
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Goats Sheep Cattle Other 

Brown Bear 

Wo lf 

Snow Leopard 

Lynx 

Details of Predation: 

Predator Season, year Location Prey type, no. Prey sex Prey Age Circumstances 

Seasons: Wmter (Dec-Feb), spring (Mar-May), summer (Jun-Aug), autumn (Sep-Nov) 

Crop damage by wildlife in past 1 year (estimated economic loss): 

Species Winter Spring Summer Autumn 

Brown Bear 

Ibex 
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CHAPTER 8 

Pattern of Human-Carnivore Conflicts in 

Northern Pakistan 
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8 Pattern of Human-Carnivore Conflicts in 

Northern Pakistan 

ABSTRACT 

Large terrestrial carnivores, considered as apex predators, have very important 

ecological role due to their position in trophic systems. Carnivores often alter the 

structure of and function of whole ecosystem by limiting the abundance of their prey. 

In Pakistan, multiple large-sized carnivores occur in the northern parts of the country, 

but these carnivores are facing many threats, particularly conflict with humans. Despite 

the wide prevalence, limited studies are describing human-carnivore conflicts in 

Pakistan, especially in northern Pakistan, where various large carnivores like snow 

leopards, common leopards, brown bears, and Asiatic black bears dwell. The present 

study was conducted in northern Pakistan covering three major landscapes-the 

Himalayas, Hindu Kush, and Karakoram-Pamirs-to determine the nature of two large

sized carnivores ' (snow leopard and brown bear) conflict with humans. A semi

structured questionnaire was used to collect information and data from different villages 

of three landscapes during the period 2009-2014. A total of 2,733 respondents were 

questioned about their livestock, depredation by carnivores, carnivore sightings, and 

fear about snow leopards, wolves, lynx, and brown bears, and the perceived danger by 

these carnivores. The 2,733 respondents of the study area reported 32,753 livestock 

losses (6,551 per year with an average 2.39 per household, per year) to various 

carnivores and diseases with an economic loss ofPKR 38,423,996 (PKR 7,684,799 per 

year with an average PKR 2,812 per household, per year). Among the total economic 

losses, diseases contributed to an economic loss ofPKR 30,5 81 ,024 (PKR 6,116,204.8 

per year with an average PKR 2,237.90 per household), while economic loss due to 

depredation was PKR 7,842,972 (PKR 1,568,595 per year with an average PKR 574 

per household, per year). Higher economic loss (53.80%) was in the form of small

sized livestock, while large-sized livestock loss contributed 46.19%. The mixed effect 

model showed that a one-degree rise in the longitude and latitude positively affected 

the acceptance of local people toward snow leopards, while snow leopard sightings (by 

local people) changed acceptance negatively. Depredation of small-sized livestock by 

snow leopards, and the occupation of local people affected their acceptance negatively 
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toward snow leopards. On other hand, the acceptance of local people turned positive 

with an increase in latitude and became negative with education. Data related to the 

perceived danger of snow leopards and brown bears showed that in the case of snow 

leopards, public acceptance increased negatively with a one-degree rise in longitude. 

The fear of local people towards snow leopards turned positively with the sightings of 

snow leopards, the mortality of small-sized livestock due to diseases and increases in 

education and age. In the case of the brown bear, the mixed effect model showed that 

the fear of local people increased negatively with the increase in the number of earning 

members. This study concluded that conflict is a serious threat to the survival of both 

snow leopards and brown bears in northern Pakistan. Mitigation measures include the 

vaccination of livestock, compensation for the loss of livestock due to carnivores, 

construction of predator-proof corrals, and improvements in watch-and-ward practices. 

An awareness programme should be launched in the area to change the fears of local 

people from negative to positive. 

Keywords: carnivores, humans, snow leopard, brown bear, Pakistan, conflict 
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8.1 INTRODUCTION 

Large terrestrial carnivores, considered as apex predators, have very important 

ecological role due to their position in trophic systems (Ordiz et al. , 2013). Carnivores 

often alter the structure and function of whole ecosystem by potentially limiting the 

abundance of their prey (Treves and Karanth, 2003). Additionally, top predators, who 

have large spatial requirements, play crucial roles in the longer maintenance of diversity 

(Glen and Dickman, 20 14). Worldwide decline in abundance and distribution of apex 

predators because of human persecution has brought changes to the structure of 

biodiversity in various systems (Ordiz et al., 2013). Global population of most of the 

large carnivores is declining and their range is being contracted (Ripple et al., 2014). 

This is happening due to human-carnivore conflict (Swanepoel et aI., 2015), human

caused threats like persecution (Trinkel et al., 2017), decline in prey, and loss of habitat 

(Wolf and Ripple 2016). About 53% of their historic ranges have been lost by large 

carnivore species (Ripple et aI., 2014). Despite having top position, about 59% oflarge 

carnivores have now become threatened with extinction (Ripple et aI., 2016), and this 

will be worsened due to continues modification of environment by humans (Di Minin 

et aI. , 2016). 

The occupation of the top positions in food webs by large carnivores and their 

potential impact on human communities makes them especially important in 

conservation and management measures (Moore et aI., 1999). The human population 

has increased globally, which has resulted in an increased human variation of natural 

landscapes and resource use, which pushes wildlife to stay in close vicinity of humans 

(Inskip and Zimmermann, 2009). Such circumstances often lead to human-wildlife 

conflict (Inskip and ZimmermaIU1, 2009). Human-carnivore conflict is a situation 

associated with the persecution of carnivores, livestock depredation, and efforts to 

conserve carnivores (Woodroffe et aI., 2005). Due to their large spatial requirements 

and sizeable food requirements, large carnivores are especially prone to interacting with 

humans (Linnell et al., 2001; Treves and Karanth, 2003). In addition to threats like prey 

depletion, habitat loss, poaching and fragmentation, which stand to reduce the 

populations of large carnivores, (Cardillo et aI., 2004; Chapron et aI., 2008; Wolf and 

Ripple, 2016), retaliatory killings for depredation on livestock are perhaps the most 

direct and widespread threat to their survival (Inskip et aI. , 2014). 
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The mitigation of human-predator conflict is challenging. Reliable knowledge 

of the factors involved in livestock depredation is crucial in devising strategies to 

mitigate this conflict (Khanal et al. , 2020). Recently strategies for livestock 

management to reduce killing by predators drew the attention of wildlife managers and 

herders . However, still lesser importance was given to the various environmental 

factors affecting such predations (Ugarte et al., 2019). Livestock depredation is the 

sparking factor of human-carnivore conflicts in landscapes used for livelihood 

(Loveridge et al., 2010). Domestic animals lose their anti-predator abilities because of 

living in low-risk areaslhuman-arbitrated environments, which makes them more 

vulnerable to predators (Madhusudan and Mishra, 2003). 

Large carnivores often do not stay confined to spaces like nature reserves. 

Instead, they move out to search for an easy prey like livestock, and sometimes even 

humans within shared spaces-their traits, like low popUlation density, solitary or 

social hunting, and large ranges, facilitate them (Ugarte et al. , 2019). Dispersal also 

makes subadults and young adults leave a protected area to explore their neighborhoods 

Many species of predators are involved in livestock depredation, including pumas 

(Puma concolor) , jaguars (Pan/hera onca), and culpeo foxes (Lycalopex spp.) in 

Central and South America (Gonzalez et al., 2012; Palmeira et al., 2008; Soto-Shoender 

and Main, 2013); bears (Ursus spp.), lynx (Lynx spp.), and wolves (Canis lupus) in 

North America and Europe (Musiani et al., 2003; Smith et al., 2014; Thorn et al., 2013), 

lions (Panthera leo), cheetahs (Acinonyx jubatus), black-backed, jackals (Canis 

mesomelas), and caracals (Caracal caracal) in Africa (Thorn et al., 2013; Woodroffe 

and Frank, 2005), and snow leopards (Panthera uncia) , common leopards (Panthera 

pardus), and tigers (Panthera tigris) in Asia (Bagchi and Mishra, 2006; Miller et al., 

2015). 

Multiple factors affect the magnitude of livestock depredation by large 

carnivores, including livestock husbandry practices (Kuiper et al. , 2015 ; Woodroffe et 

al., 2007), wild prey availability (Odden et al., 2008), seasonal patterns (Farhadinia et 

al. , 2017; Johansson et al., 2015), predators' behavioural characteristics (Lucherini et 

al. , 2018)), habitat type and structure (Miller et al. , 2015), and predator abundance 

(Weise et al. , 2018). One of the major reasons of prey population decline is livestock 

grazing, which decreases available forage (Madhusudan and Mishra, 2003) and 
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increases the risk of disease transmission to wild animals (Kaul, 2003), resulting in 

large carnivores switching their dietary preferences from wild prey to domestic prey. 

Poor livestock management is another important reason for livestock killings by 

predators (Woodroffe et aI., 2007). 

Humans and predators share spaces and resources, and this overlap causes 

livestock depredation (Kalaivanan et aI., 2011; Khorozyan et aI., 2015; Madhusudan 

and Mishra, 2003). Retaliatory killings, a serious issue worldwide, happen due to 

negative attitude of humans towards predators, emerged due to the attacks of predators 

on humans and their livestock (Augugliaro et aI. , 2020; Mishra et aI., 2016). Abundance 

of wild prey and livestock are key factors affecting livestock predation (Khanal et aI., 

2020) .Towhich extent density of wild herbivore can determine the livestock killing by 

predators is still dubious (Khorozyan et aI., 2015; Soofi et aI., 2019). It was also 

revealed that livestock depredation is high in areas of higher densities of livestock 

(Pimenta et aI., 2018). 

Acceptance oflarge carnivore by public varies, affected by different factors like 

livelihood, education, religion, type of carnivore and culture ((Liu et aI., 2011; Mishra, 

1997). Social organization, regions, culture, history, and wildlife conservation program 

can influence these factors (Bern' et aI., 2017; Kusi et aI., 2020; Suryawanshi et aI., 

2014). If humans are compensated for their livestock loss caused by predators, they 

generally become more lenient (Woodroffe, 2000). Additionally, any activity, like 

ecotourism, which provides economic benefits to human has positive effect on human 

acceptance of large carnivore (Dickman et aI. , 2011; Tortato and Izzo, 2017). The main 

reason for negative attitude of humans is the drastic effect of predators on their livestock 

(Farhadinia et aI., 2017; Wood roffe, 2000). 

Livestock depredation is enormously destructive in areas where communities 

depend on livestock for their livelihood (Bhattarai and Fischer, 2014; Talbert et aI., 

2020). Human-predator conflicts affect both local communities and wild carnivores. 

Local communities can be imposed to critical economic loss (Augugliaro et aI. , 2020; 

Woodroffe and Frank, 2005), and sometimes, direct attacks by large carnivores on 

humans cause serious wounds and in worst case scenario even death (White and Gehrt, 

2009). If there is no practical solution, livestock owners often adopt other means like 

traps, guns, and poison to kill the predators for their anger management (Aryal et aI., 
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20 14; McManus et aI., 2015). This retaliatory killing by human is one of the biggest as 

well as complex issue for conservationists to tackle. 

Human-predator conflict is poorly studied in Pakistan, and only a few studies 

have described it (Ahmad et aI. , 2016; Bibi et aI., 2013; Dar et aI., 2009; Din et aI., 

2017; Kabir et aI., 2014) despite the wide prevalence of the issue, particularly in 

northern Pakistan where various large carnivores-snow leopards, common leopards, 

brown bears, Asiatic black bears (Ursus thibetanus), and grey wolves-often come into 

contact with humans and contribute to significant economic losses (Ahmad et aI., 2016). 

All these studies were also limited to specific areas, and therefore, do not reflect the 

overall trends of human-bear conflict. The present study is the first-ever covering the 

whole of northern Pakistan to assess human-predator conflicts. Main objectives of the 

study were a) to assess livestock mortality due to predators and diseases at spatial scale 

and their comparison across northern Pakistan, b) modelling public acceptance and fear 

of large predators at different scales and factors that shape them. 
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8.2 MATERIALS AND METHODS 

8.2.1 Study area 
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Figure 8.1 Map of study area showing watershed valleys and village locations of human-carnivore 
interaction surveys. 

This study focused on the shared range of snow leopards and brown bears in 

Pakistan (Fox, 1989; Nawaz, 2007; Roberts and d 'Olanda), 1977) which encompasses 

four high mountain ranges, the Himalayas, Karakorams, Pamirs, and Hindu Kush, 

spread across three administrative units, Khyber Pakhtunkhwa (KP), Gilgit-Baltistan 

(GB), and Azad Jammu and Kashmir (AJK). The area was divided into watershed 

valleys based on natural watersheds. Targeting major protected areas and other 

potentially suitable habitats, we surveyed 47 watershed valleys, including 264 villages 

(Figure 8.1). 

High altitudes and sub-zero temperatures make our study area one of the most 

heavily glaciated parts of the world outside the polar regions. The Western Himalayas 

are situated in AJK and GB to the south and east of the Indus River. The Hindu Kush 

rise southwest of the Pamirs. The Karakoram range covers the borders between three 

countries in the regions of GB in Pakistan, Ladakh in India, and the Xinjiang region in 

China. They are considered to extend from the Wakhjir Pass at the junctions of the 

Pamirs and Karakorams to the Khawak Pass north of Kabul. The mountains of Pakistan 

are relatively densely populated despite harsh geographic and climatic conditions. 
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Nevertheless, the special ecological conditions and remoteness of these mountainous 

areas also support unique biodiversi ty of plants and animals. Climatic conditions vary 

widely across the study area, ranging from the monsoon-influenced moist temperate 

zone in the western Himalayas to the semi-arid cold deserts of the northern Karakorams 

and Hindu Kush. Four vegetation zones can be differentiated along the altitudinal 

ascents: alpine dry steppes, subalpine scrub zones, alpine meadows, and permanent 

snowfields. Various rare and endangered animals occur in the study area, including the 

snow leopard (Panthera uncia) , grey wolf (Canis lupus), brown bear (Ursus arctos), 

Asiatic black bear (Ursus thibetanus), Himalayan lynx (Lynx lynx), Himalayan ibex 

(Capra ibex sibirica), blue sheep (Pseudois nayaur), flare-horned markhor (C f 
cashmirensis), musk deer (Moschus chrysogaster) , Marco Polo sheep (Ovis ammon 

poW), Ladakh urial (Ovis orientalis vignei) Pallas's cat (Otocolobus manu!) , and 

woolly flying squirrel (Eupetaurus cinereus) . 

8.2.2 Human-carnivore interaction surveys 

A semi-structured questionnaire (Appendix 4.1) was used to gather information 

from local communities about the status of large carnivore species-snow leopards, 

brown bears, wolves, and lynx. Each respondent was an adult person and representative 

of a household. Interviews were conducted during 2009-2014, and data were collected 

from different villages of watershed valleys for the past five years. A total of 2,733 

respondents were questioned about their livestock, depredation by carnivores, sighting 

of carnivores, and fear about snow leopards, wolves, lynx and brown bears. Extreme 

care was taken to avoid biases, and in case of a sighting or depredation report, it was 

further checked by asking general and specific questions about snow leopards or other 

carnivore species, their appearance, and where the event occurred. Photos of carnivores 

were also shown to respondents for identification. Questionnaires surveys were used to 

determine the presence-absence of snow leopards and human-carnivore conflict in the 

study area. 

8.2.3 Data organization and analysis 

Data were organized at the valley and village level to observe the various trends 

in acceptance of local people towards predation, range-wide mortality due to predation 

and diseases, and factor affecting predation. Mixed effect models were run in the 
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programme R (R Core Team, 2019) with function ' lmer ' to examine the effects of 

various factors on the acceptance of local people towards brown bears and snow 

leopards. The mixed effect models were also run to determine the factors that 

contributed the most to local communities ' perceived danger from snow leopards and 

brown bears . In mixed effect model district and landscape are taken as random factors , 

the considered models; 

Response = lmere Longitude + Latitude + Snow Leopard Sighting 

+ Livestock Holding + Average Income 

+ Predation on Small Ruminants 

+ Predation on Large Ruminants 

+ Economic Value of Small Ruminants' Predation 

+ Economic Value of Large Ruminants' Predation 

+ Disease Caused Mortality in Small Ruminants 

+ Disease Caused Mortality in Large Ruminants 

+ Economic Loss to Disease + Education Index + Age Index 

+ Occupation Index + Earning Members of Family 

+ Agriculture Land Holdinge + (lIDistrict) + ClILandscape)) 

We have two response factors 'public fear' and 'public acceptance' of snow 

leopard and brown bear, so we have fitted 04 models . For fmal model, backward 

elimination procedure is used where non-significant factors are removed from the 

model against p-value of 0.10. 

8.3 RESULTS 

8.3.1 Livestock demography 

The livelihoods system in the study area depends mainly on livestock. In the 

present survey, a total of2,733 respondents were interviewed from different villages of 

tlu'ee major landscapes, the Himalayas, Hindu Kush, and Karakoram-Pamirs. The 

surveyed households reared a total of 68,009 heads of livestock with an average herd 

size of 25 per household. Of the reported livestock, 80 % were small ruminants (goats 

and sheep) and 20 % were large ruminants (cattle, yaks, donkeys, horses, etc.) (Figure 

8.2). 
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Respondents reported a total income of PKR 37,988,989 (7,597,798 per year) 

as a result oflivestock sold in five years with an average income ofPKR 13,900 (2,780 

per year), 

.--
72'O'O'e 7:Mr\l'e 74' O'O'E 75' O'O'e 

Figure 8.2, Average livestock per village, 

8.3.2 Livestock mortality by predators 
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During the questionnaire survey, our respondents reported 7,648 (1,530 per year) 

livestock head losses to various large-sized carnivores such as snow leopards and brown 

bears from different villages in our study area, Among livestock, the most vulnerable 

Figure 8.3. Village wise average livestock mortality by predators, 
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livestock were goats and sheep, which were 89% (n = 6,798) of the total livestock loss, 

while large-sized livestock were about 11.11 % (n = 850). The highest number of 

livestock loss was reported from Misgar Valley where 398 livestock (80 per year) heads 

were reported for five years. This was followed by Hooper-Hisper Valley, Hushe 

Valley, and Shimshal Valley, where a total of249 (50 per year), 235 (47 per year), and 

217 (43 per year) losses respectively were reported (Figure 8.3). 

8.3.3 Livestock mortality by disease 

Respondents reported a total livestock loss of 25,105 In five years due to 

different diseases across the three landscapes (Figure 4). The average number of 

livestock mortality per year reported by local people due to various diseases was 5,021 , 

e 

o 50 tan 
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Figure 8.4. Village-wise livestock loss through diseases. 

while the average numbers oflivestock mOliality due to diseases in five years were 9.18 

per household (1.83 heads per household, per year). Among livestock losses due to 

diseases, small-sized livestock (goats and sheep) were the more vulnerable to diseases, 

and respondents reported 21 ,264 (85%) small-sized livestock losses to various diseases 

in five years (5,253 livestock loss per year). Respondents reported 3,841 (15.30%) 

large-sized livestock losses due to diseases (768 per year). 
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8.3.4 Economic loss by predators vs. diseases 

The 2,733 respondents of the study area repOlied 32,753 livestock (6,55 1 per 

year with an average 2.39 per household, per year) losses to various carnivores and 

diseases, with an economic loss ofPKR 38,423,996 (PKR 7,684,799 per year with an 

average PKR 2,812 per household, per year) (Figure 8.5). Among the total economic 

loss, diseases contributed to an economic loss ofPKR 30,581,024 (PKR 6,116,205 per 

year with an average PKR 2,23 8 per household), while economic loss due to 

depredation was PKR 7,842,972 (PKR 1,568,595 per year with an average PKR 574 

per household, per year). 

Most of the economic loss of54% (PKR 20,674,725 with an average PKR 1,5 13 

per household, per year) was in the form of small-sized livestock, while large-sized 

livestock losses contributed 46% (PKR 17,749,271 with an average PKR 1,299 per 

household, per year). 
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Figure 8.5. Economic loss due to depredation and diseases. 

8.3.5 Public acceptance towards snow leopards and brown bears 

We have fitted 04 mixed effect models to study the variation in 'public fear' and 'public 

acceptance' of snow leopard and brown bear. Optimal final fitted are discovered 

through backward elimination procedure, where non-significant factors are removed 

from the model against p-value of 0.1 0. 
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In the case of snow leopards, all considered factors in mixed effect model results 

with 19 (17 fixed and 02 random) factors in AIC= 510.17, BIC=572.75. The backword 

elimination as results the final model with 7 (06 fixed and 01 random) factors with AIC 

=498.42, BIC= 529.71 as listed in Table 2. The mixed effect model showed that local 

people's acceptance towards snow leopards were affected by various factors like 

latitude, longitude, snow leopard sightings, depredation on small- and large-sized 

livestock, and occupation. The analysis of the mixed effect model showed that a unit 

rise in longitude (from west to east) in our study area affected the acceptance of local 

people positively by 0.30 units. Similarly, the acceptance oflocal communities changed 

positively (0.75 units) with a one-degree rise in the latitude (south to north). The 

sighting of snow leopards by local people changed acceptance negatively. Depredation 

of small-sized livestock pronounced the negative acceptance in public, while 

depredation of large-sized livestock did not affect the acceptance of local people. The 

higher proportion of herding families in village reflected lower acceptance for snow 

leopards. The public acceptance decreases as occupation index increases (Table 8.1). 

Moreover, the public acceptance changes significantly with change of district which is 

treated as random factor. 

Table 8.1. Effect of various factors on the acceptance of local people towards snow 

leopards 

Coefficients Estimate SE df t-value p-value 

Intercept -46.84 8.41 89 -5.569 <0.001 

Longitude 0.31 0.08 25 3.66 0.001 

Latitude 0.75 0.16 38 4.677 <0001 

Snow Leopard Sighting -0.09 0.05 228 -1.939 0.053 

Predation on Small Ruminants -0.06 0.02 230 -2.647 0.009 

Predation on Large Ruminants 0.19 0.09 229 2.061 0.041 

Occupation Index -0.28 0.17 230 -1.676 0.095 

Signif. codes: 0***,0.001 **, 0.01 *, 0.05 , 0.1, 1, df= degree of freedom 

In the case of brown bears, mixed effect model results with 19 (17 fixed and 02 

random) factors in AIC= 512.63 , BIC=569.01. The backword elimination as results the 

final model with 03 (02 fixed and 01 random) factors with AIC= 506.17, BIC=562.75 

as showed an effect on the acceptance of local communities (Table 8.2). The mixed 

effect model showed that local people's acceptance .toward brown bears was affected 
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only by latitude and education. The analysis of the mixed effect model showed that a 

one-degree rise in the latitude (from south to north) in our study area affected the 

acceptance of local people positively 0.28 times, while the acceptance changed 

negatively with education. Additionally, the public acceptance of brown bear changes 

significantly with change of district which is treated as random factor. 

Table 8.2. Effect of various factors on the acceptance of locals towards brown bears. 

Coefficients Estimate SE df t-value p-value 

Intercept -7.3 7 4.17 29 -1.767 0.087 

Latitude 0.29 0.12 28 2.456 0.020 

Education -0.25 0.09 225 -2 .951 0.003 

Significance codes: 0***, 0.001 **, 0.01 *,0.05,0.1, 1, df= degree of freedom 

The acceptance level of brown bears and snow leopards by local communities 

of all three landscapes were categorized into negative (1 = eliminate and 2 = reduce), 

and positive (3 = maintain and 4 = increase). 

In the case of snow leopards, the local people of the Himalayas and Karakoram

Pamir landscapes possessed highly negative acceptance, where the median value fell 

below 2.0, while the local people of the Hindu Kush landscape were more positive with 

a median value of about 3.0 (Figure 8.6a). In the case of brown bears, the local people 

of the Himalayas and Karakoram-Pamir landscapes possessed highly positive 

acceptance with a median value range of 3.0-3.5 (Figure 8.6b). Communities residing 

in the Hindu Kush range showed highly negative acceptance toward brown bears. 
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Figure 8.6. a) Public acceptance of snow leopards by respondents in three major landscapes in 

northern Pakistan, b) Public acceptance of brown bears by respondents in three major 

landscapes in northern Pakistan 

The district-wise analysis showed that the local people of district Diamer, Swat, 

Nagar, Hunza, Ghanche, and Gilgit possessed highly negative acceptance towards snow 

leopards- they wanted either the elimination or reduction of the animal. Conversely, 

the local people of district Ghizer, Skardu, Chitral, and Neelum Valley had highly 

positive acceptance towards snow leopards (Figure 8.7a). 

The district-wise acceptance of local people about brown bears is plotted in 

Figure 8.7b. The box plot shows that the local people of district Chitral, Diamer, Ghizer, 

and Swat showed a highly negative acceptance toward brown bears, while the 

respondents of district Ghanche, Gilgit, Hunza, Neelum Valley, etc. possessed a highly 

positive acceptance and wanted to either maintain or increase the brown bear 

population. 

a b 

Figure 8.7. a) District-wise acceptance of local people toward snow leopards, b) District-wise 

acceptance of local people toward brown bears 

8.3.6 Public fear towards snow leopards and brown bears 

The effects of various factors on the fear of local people about snow leopards 

and brown bears retained by the mixed effect model are shown in Table 8.3 and 8.4, 

respectively. 

In the case of snow leopard mixed effect model results with 19 (17 fixed and 02 

random) factors in AIC= 612.25 , BIC=676.48. The backword elimination as results the 

final model with 07 (05 fixed and 02 random) factors with AIC= 604.63, BIC=636.75 

as showed an effect on the fear of local communities. In the case of snow leopards, the 

fear of local people increased -0.43 negatively with a one-degree rise in the longitude. 

The fear of local people towards snow leopards increased 0.23 and 0.40 times with 

increases in education and age, respectively (Table 8.3). The sightings of snow leopards 
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by local people and mortality of small-sized livestock due to diseases also slightly 

affected the fear oflocal people positively. Additionally, the public fear of snow leopard 

changes significantly with change of district and landscape which were treated as 

random factor. 

Table 8.3. Effect of various factors on the fear of local people towards snow leopards, ~ 

represents estimates of parameters retained by the mixed effect model. 

Coefficients Estimate SE df t-value p-value 

lntercept 33 .29 8.80 153 3.782 0.000 

Longitude -0.44 0.12 154 -3.731 0.000 

Snow Leopard Sighting 0.09 0.05 250 1.735 0.084 

Disease Caused MOItality in Smal l Ruminants 0.01 0.01 247 1.726 0.085 

Education Score 0.24 0.10 252 2.32 0.021 

Age Score 0.41 0.15 247 2.681 0.007 

Significance codes: 0***, 0.001 **, 0.01 *, 0.05 , 0.1 , 1, df= degree of freedom 

In the case of brown bear mixed effect model results with 19 (17 fixed and 02 

random) factors in AIC= 589.42, BIC=653.48. The backword elimination as results the 

final model with 02 (01 fixed and 01 random) factors with AIC= 571.74, BIC=585.74 

as showed an effect on the fear of local communities. In the case of brown bears, the 

mixed effect model retained only the effect of earning members on the fear of local 

people. The fear of local people increased -0.13 negatively with an increase in the 

number of earning members (Table 8.4). Additionally, the public fear of brown bear 

changes significantly with change of district which were treated as random factor. 

Table 8.4. Effect of various factors on the fear of local people towards snow leopards, ~ 

represents estimates of parameters retained by the mixed effect model. 

Coefficients Estimate SE df t-value p-value 

Intercept 2.66 0.43 12 6.199 0.000 

Earn ing members -0.14 0.08 251 -1.799 0.073 

Significance codes: 0***,0.001 **, 0.01 *,0.05 , O.l , 1, df= degree of freedom 

The perceived public fear of carnivores by local people to livestock was ranked 

1-4 (1 = least dangerous, while 4 = most dangerous). The perceived danger of snow 

leopards and brown bears by the local people of three major landscapes-the 

Himalayas, Karakoram-Pamirs, and Hindu Kush) in our study area were plotted in the 

programme R. 
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The box plots show that local people's fear of snow leopards and brown bears 

was the lowest in the Himalayan landscape, with a median value below 2.5, while the 

maximum value was about 2.5 in the case of snow leopards, and about 2.8 for brown 

bears (Figure 8.8a). The box plot shows that the highest fear from snow leopards and 

brown bears was in the Karakoram-Pamir range with a median value of2.5-3.0 for both 

snow leopards and brown bears. The outlier value fell between 3.0 and 3.5 for snow 

leopards. It was about 3.0 for brown bears (Figure 8.8b). 
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Figure 8.8. a) Fear of snow leopards perceived by respondents in three major landscapes in 

northern Pakistan, b) Fear of brown bears perceived by respondents in three major landscapes 

in n0l1hern Pakistan. 

The perceived danger of snow leopards and brown bears to livestock by local 

people was also analysed district-wise. They were ranked 1-4 (1 = least dangerous, 

while 4 = most dangerous). The perceived dangers of each district about carnivores are 

shown in the form of a plotted box. 

The box plots show that fear of snow leopards and brown bears was the lowest 

in district Neelum where the median value fell below 2.0 (Figure 8a and Figure 8b). On 

the other hand, the highest fear of snow leopards was in district Gilgit, Nagar, and 

Diamer (Figure 8a). The highest fear of brown bears was in district Diamer, Ghanche, 

and Hunza (Figure 8b). 
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Figure 8a: District-wise acceptance of 

local people toward snow leopards 
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Figure 8b: District-wise acceptance of 

local people toward brown bears 

Human-wildlife conflict is an emerging issue that has intensified over time. Many 

wildlife species have become threatened due to this conflict, especially large carnivores 

(Qamar et aI., 2010). Worldwide, one of the main causes of human-carnivore conflict 

is the killing of livestock by large carnivores and is common in and around reserves in 

the developing world (Distefano, 2005). In the Hindu Kush and Himalayan mountains, 

an increasing population of livestock has elicited an increased livestock depredation by 

large carnivores (Hussain, 2003; Mishra, 1997). In the present study, respondents of 

different villages across three major landscapes in northern Pakistan reported an annual 

loss of 1,529.61 (0.55 heads per household, per year) heads of livestock due to brown 

bear and snow leopard predation. Small-sized livestock such as goats and sheep were 

killed by these apex predators in greater numbers as compared to large-sized livestock 

such as cattle, yaks, donkeys, and horses. Other studies in the snow leopard and brown 

bear ranges showed that large carnivores kill small-sized livestock in greater numbers 

(Ahmad et aI., 2016; Kabir et aI., 2014; Rehman et aI., 2021). Medium-sized livestock 

(25-45 kg) are the most vulnerable to predation because large carnivores can easily kill 

and drag them to safety (Ahmad et aI., 2016; Dar et aI., 2009). Worldwide, the decline 

in natural prey triggers increasing livestock depredation by large carnivores (Meriggi 

and Lovari, 1996). In snow leopard and brown bear ranges in Pakistan, Abbas et al. 

(2013) also documented a decreasing trend in the population of wild ungulates which 

provide food for large carnivores, particularly snow leopards. 

The annual 1,529.61 livestock loss translated into an annual economic loss of 

PKR 1,568,594.5 (PKR 573.94 per household). The economic loss reported in the 

present study was much lower than the economic loss caused by different carnivores in 

northern Pakistan ((Ahmad et aI. , 2016; Din et aI. , 2017; Rehman et aI. , 2021). Although 
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the annual economic loss reported by respondents in the current study was much lower 

than in other reported studies, it is not acceptable to local communities. Such losses are 

likely to generate aggressive acceptance towards conservation and may provoke 

retaliatory action by farmers (ConfOlii and De Azevedo, 2003). 

Facilitating human-carnivore co-existence is a major conservation concern in 

human-dominated landscapes worldwide (Dorresteijn et al., 2014). Studies have shown 

that humans and carnivores can co-exist (Schuette et al., 2013). Human-carnivore 

conflict has consequences for both humans and carnivores. People living close to 

conflict areas possess negative acceptance towards carnivores which makes 

biodiversity protection a challenging task (Woodroffe et al., 2005) . Both ecological and 

social factors are important to understand long-term co-existence in multiple-use 

landscapes (Carter et al., 2012). In the present study, various social and other factors 

like latitude, longitude, snow leopard sightings, predation on small ruminants, predation 

on large ruminants, landscape, district, education level, occupation, age, agriculture 

land owned, etc. were run against !ocalpeople's fear of snow leopards and brown bears. 

The analysis showed that the acceptance of local people towards snow leopards turned 

positively with a one-degree rise in latitude and longitude that is probably due to the 

awareness and knowledge of the species in those areas. But this acceptance turned 

negatively with depredation on small-sized livestock which is understandable because 

most of the economic losses caused by carnivores were in the form of small livestock. 

In our study, most local people kept much more small-sized livestock than large-sized 

livestock to fulfil their basic livelihood needs--depredation may be a possible reason 

for the negative acceptance. Possibly this was the reason, large-sized depredation didn't 

affect their attitude at large scale. Also, people who do livestock herding as an 

occupation and those who sighted snow leopard in the area had negative acceptance 

towards snow leopard probably due to their concerns about its attacks on their animals . 

... In the case of brown bears, the acceptance of local people turned positively with an 

increase in latitude but turned negatively with an increase in education level. Livestock 

depredation of any kind did not affect acceptance of brown bear by local people 

probably because of very low killing by it as compared to snow leopard. As livestock 

killing brown bear was not a big issue therefore livestock herder attitude was also 

neutral. Although the fear of local people normally changes fro m negative to positive 
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with increasing education, this study showed the opposite. We were unable to explain 

this. 

Data related to the perceived public fear of snow leopards and brown bears 

showed that in the case of snow leopards, public fear increased with a one-degree rise 

in longitude. The fear of local people towards snow leopards turned increase with the 

sighting of snow leopards that is understandable. Increase in age increased fear 

probably because older people may become more concerned, again education increased 

fear that is strange but probably educated people consider these predators as 'potential 

threats' due to news from other areas or anything like that, the mortality of small-sized 

livestock due to diseases may caused an overall fear in people mind and they fear 

anything which could be harmful to their livestock, for example, snow leopard. In the 

case of brown bears, the mixed effect model showed that people largely remained 

neutral and did not show significant fear to it due to its less harmful profile as compared 

to snow leopard. However, that the fear of local people increased with increases in the 

number of earning members and that is completely understandable as increase of 

earning member means dependency on livestock decreases and it positively affect 

attitude of local people. 

8.4.1.1 Conclusion 

This study concluded that conflict is a serious threat to the survival of both snow 

leopards and brown bears in northern Pakistan. Mitigation measures include livestock 

vaccination, compensation for the loss of livestock due to carnivores, the construction 

of predator-proof corrals, and improving watch-and-ward practices. An awareness 

programme should be launched in the area to change the fear of local people from 

negative to positive. More studies should be conducted across the distribution range of 

both carnivores, and issues related to their conservation should be highlighted. 
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9 Conclusion and Future Implications 

This study constructed distributional ranges for snow leopards and brown bears 

through predictive modelling of empirical data. These ranges were strikingly different 

from previously known distributions of species. Previous distribution records were 

based largely on expert judgements, but this study refined them with precise species 

occurrences. 

Based on habitat analysis, tlrree landscapes were identified-the Himalayas, 

Hindu Kush, and Karakoram-Pamirs-to be considered as regional priority areas to 

safeguard the future of apex predators in Pakistan and the region. These landscapes also 

provide connectivity of predator populations with regional populations. For instance, 

the Himalayan landscape provides connectivity with populations in India on the eastern 

side and connects with the Karakorams in the northwest. The Karakoram landscape 

provides wider connectivity with populations in China in the north and connects to the 

Hindu Kush in the west. The Hindu Kush provides connectivity with Central Asian 

populations through Afghanistan and Tajikistan. Targeted conservation efforts in these 

landscapes will ensure the long-tern1 existence of key predators in Pakistan, including 

the snow leopard, brown bear, grey wolf, and Himalayan lynx. 

Contrary to the good regional connectivity of populations, populations of snow 

leopards and brown bears appear to have weaker connections in certain areas within 

Pakistan. These areas include; Broghil-Qurumber National Parks and Khunjerab

Central Karakoram National Parks. Protection and habitat management in these areas 

are vital for maintaining viable popUlations of large predators in the country. 

The current protected area network in northern Pakistan appears to cover most 

of the suitable habitats identified during this study, except for a few gaps. These gaps 

need to be filled either through the expansion of existing protected areas or the 

declaration of new protected areas . Candidate habitats that need legal protection are 

Misgar and Chapursan in Gilgit-Baltistan and Terichmir in Chitral. 

Population estimation for rare and elusive species has always been a daunting 

task. The current study demonstrates that the latest detection methods-camera traps, 

molecular genetics- in combination with SCR hold promise for some of the elusive 
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species living in low densities. However, camera trap is more effective for those species 

which are individually recognizable and follow preferred routes as compared to 

Ulmlarked species and for those which don't follow trails. The application of such 

teclmiques needs to be up-scaled in Pakistan and in the region to achieve range-wide 

population estimates for Asia ' s iconic predators. 

Though highly effective for snow leopards, camera trapping did not yield 

desirable data for brown bears. This is because brown bears do not follow trails, and 

camera detections are generally higher for species that follow trails. We found that 

visual counts in alpine meadows were the simplest and most effective way of 

enumerating Himalayan brown bears. Counts through the double-observer method 

allow for the estimation of reliable populations through the capture-mark-recapture 

approach. 

This study also revealed that human-predator conflict is a serious threat to the 

survival of large carnivores in Pakistan. Livestock killing, predator sightings, and the 

livelihood conditions of households were the key determinants shaping human attitudes 

to predators. The introduction of safety nets against economic loss to predation and 

conservation education can promote acceptance of carnivores and longer-term co

existence between humans and predators in northern Pakistan. 
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Abstract 

Pakistan's total estimated snow leopard habitat is about 80,000 km2 of which about half is 

considered prime habitat. However, this preliminary demarcation was not always in close 

agreement with the actual distribution-the discrepancy may be huge at the local and 

regional level. Recent technological developments like camera trapping and molecular 

genetics allow for collecting reliable presence records that could be used to construct realis

tic species distribution based on empirical data and advanced mathematical approaches 

like MaxEnt. The current study followed this approach to construct an accurate distribution 

of the species in Pakistan. Moreover, movement corridors, among different landscapes, 

were also identified through circuit theory. The probability of habitat suitability, generated 

from 98 presence points and 11 environmental variables, scored the snow leopard's 

assumed range in Pakistan, from a to 0.97. A large portion of the known range represented 

low-quality habitat, including areas in lower Chitral, Swat, Astore, and Kashmir. Conversely, 

Khunjerab, Misgar, Chapursan, Qurumber, Broghil, and Central Karakoram represented 

high-quality habitats. Variables with higher contributions in the MaxEnt model were precipi

tation during the driest month (34%), annual mean temperature (19.5%), mean diurnal 

range of temperature (9.8%), annual precipitation (9.4%), and river density (9.2). The model 

was validated through receiver operating characteristic (ROC) plots and defined thresholds. 

The average test AUC in Maxent for the replicate runs was 0.933 while the value of AUC by 

ROC curve calculated at 0.15 threshold was 1.00. These validation tests suggested a good 

model fit and strong predictive power. The connectivity analysis revealed that the population 

in the Hindukush landscape appears to be more connected with the population in Afghani

stan as compared to other populations in Pakistan. Similarly, the Pamir-Karakoram popula

tion is better connected with China and Tajikistan, while the Himalayan population was 

connected with the population in India. Based on our findings we propose three model land

scapes to be considered under the Global Snow Leopard Ecosystem Protection Program 

(GSLEP) agenda as regional priority areas, to safeguard the future of the snow leopard in 

Pakistan and the region. These landscapes fall within mountain ranges of the Himalaya, 
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ABSTRACT 

The Himalayan brown bear (Ursus arc/os isabel/ill liS ) historically occupied the vast mountain ranges 
of South and Central Asia. Their range has shrunken significantly in the past century and they currently 
live in small and isolated populations. Most of their range has not becn surveyed; hence information 
on their distribution is largely based on anecdotal information and expert judgments. The present study 
investigated the species' current distribution in the Hindu Kush Range in Pakistan, gathering infornlation 
on human-brown bear conflict along with other large carnivore species in the study area. Multiple 
survey techniques questionnaire surveys, sign surveys and camera trapping were used during'lhe period 
2008-2010 in five study blocks delineated on natural watersheds in Pakistan's Chitral distrjct. Based on 
questionnaire surveys, sign surveys and direct sighting, Hinlalayan brown bear presence was coOfirmed 
only in the Yarkhun and Laspur valleys. Ninety-six respondents (59 from Laspur Valley and 37 from 
Broghil Valley) reported a total of 449 livestock losses (90 heads per year) to carnivore species-grey 
wolf (Callis lupus), snow leopard (Pallthera pardus) , Himalayan lynx (LYllx IYllx isabel/illlls)--during the 
five-year (2005- 2009) period, which translated into an economic loss of USD 34,297 (PKR 2,931,022); 
USD 357 (PKR 30,53 1) per household. Himalayan brown bear was not accounted for any livestock loss. 
Though the public was seen to be strongly against large carnivores,brown bear was considered ' less 
dangerous' . Despite limited confli ct with humans, brown bear has lost a large part of its historical range in 
the Hindu Kush Range. The species is confined to the eastern valleys where it is maintaining connectivity 
with brown bear in Gilgit-Baltistan towards the east and with Afgban populations towards the west. 
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The Himalayan brown bear (Ursus arctos isabellinlls ) 
is a subspecies that represents an ancient lineage of 

the brown bear (Galbreath et I. , 2007). The brown bear 
historically occupied the western Himalayas, Karakoram, 
Hindu Kush, Pamirs, western Kunlun Shan, and the Tian 
Shan ranges in South and Central Asia (Nawaz, 2008). 
In Pakistan, approximately 150--200 bears may survive 
in seven populations over approximately 150,000 km2 

(Nawaz, 2007) across three provinces/states Khyber 
Pakhtunkhwa (KP), Gilgit-Baltistan (GB), and Azad 
Jammu and Kashmir (AJ and K) (Nawaz, 2007). In KP, 
this species is distributed in Chitral, Kalam (Kohistan), 
Pallas Valley (Indus Kohistan) and Kaghan Valley (Akbar, 
2003 ; Nawaz, 2007). Chitral district, with an area of 
14,850 km2

, provides the largest habitat in KP and marks 
the westem extremity ofthe brown bear range in Pakistan. 

It is the high mountainous dry temperate area of the 
Hindu Kush Range that connects to brown bear habitat in 
Afghanistan towards the west (Nawaz, 2007), GB in the 
east, and a narrow strip ofthe Wakhan Corridor separating 
Chitral from Tajikistan in the N0I1h (AASA, 2015). 
Brown bear presence has been reported from several 
localities in Chitral, including Trich Mir Valley (Schaller, 
1977), Torkhow Valley and Yarkhun Valley (Fulton, 1903; 
Schaller, 1977; Nawaz, 2007). However, the species is rare 
in the Hindu Kush Range (Nawaz, 2007) and extirpated 
from a large part of Chitral district. For example, it has 
been wiped out from Chitral Gol National Park and 
surrounding areas (Mirza, 2003). 
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Growing human population, expanding infrastructure, 
loss of habitat, increasing number of domestic animals, 
declines in food supply, climate change and increasing 
human dependence on natural resources are the primary 
reasons contributing to a persistent decline in brown bear 
popUlation in Pakistan. Unmanaged and growing tourism 
also contributes to population decline (Nawaz, 2007) by 
exposing pristine habitats to human movemcnt, hotcling, 
camping, and littering. Other threats include killing bears 
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