
Global Ecology and Conservation 25 (2021) e01402
Contents lists available at ScienceDirect
Global Ecology and Conservation

journal homepage: http: / /www.elsevier.com/locate/gecco
Insight into occupancy determinants and conflict dynamics of
grey wolf (Canis lupus) in the dry temperate zone of
Hindukush Range

Ejaz Ur Rehman a, b, Jaffar Ud Din b, Shakeel Ahmad a, Shoaib Hameed a, b,
Khurshid Ali Shah c, Tahir Mehmood d, Muhammad Ali Nawaz a, e, *

a Department of Zoology, Quaid i Azam University, Pakistan
b Snow Leopard Trust, Pakistan Program, Islamabad, Pakistan
c Wildlife Conservation Society, Gilgit Baltistan, Pakistan
d School of Natural Sciences (SNS), National University of Sciences and Technology (NUST), Islamabad, Pakistan
e Department of Biological and Environmental Sciences, Qatar University, Doha, Qatar
a r t i c l e i n f o

Article history:
Received 27 May 2020
Received in revised form 3 December 2020
Accepted 3 December 2020

Keywords:
Grey wolf
Khanbari valley
Hindu kush
Occupancy
Camera trapping
Conflict
Northern-Pakistan
* Corresponding author. Department of Zoology,
E-mail addresses: ejazrehman53@gmail.com (E.U

Hameed), kashah.pk@gmail.com (K.A. Shah), tahime

https://doi.org/10.1016/j.gecco.2020.e01402
2351-9894/© 2020 The Author(s). Published by Elsev
4.0/).
a b s t r a c t

The grey wolf (Canis lupus) is a widespread but locally endangered species across Pakistan.
The current study investigates the occupancy of grey wolf and conflict with humans in
Khanbari Valley Gilgit Baltistan. The study was conducted from the 5th of December 2014
to the 11th of January 2015. The study area was delineated into blocks following natural
watersheds, and overall 47 motion-triggered cameras were installed in various locations
encompassing an area of 810 km2 with an effort of 1428 trap nights. A human-wolf conflict
survey was carried out through questionnaires, where 57 respondents were randomly
chosen from 08 villages in the valley. Grey wolf was photo-captured at 11 different camera
stations, occupancy estimated at 0.37 ± 0.22 S.E., and detection probability of 0.29 ± 0.19
S.E was obtained. A total of 166 livestock were killed which incurred an economic loss of
USD 17,046 (USD 299 per household) in five years. Predation on goat was highest, though
consumed as per availability. Sheep predation indicates selection for this animal because
predation was much higher than availability. Cattle was predated as per availability and
accounts for the least part of the livestock loss. Predation of livestock was greatly influ-
enced by four factors: habitat, prey type, prey age, and time of predation. We recommend
conservation initiatives like compensation for economic losses, construction of predator-
proof corrals, and awareness campaigns to promote human-wolf co-existence in the area.
© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The grey wolf (Canis lupus) is the largest member of the family Canidae and found in Eurasia and North America with a
broad distribution range (Sillero-zubiri and Switzer, 2004). In Asia, the distribution range of grey wolf -spreads across Russia
into Central Asia and China up to Mongolia and Northern Afghanistan (Stevens et al., 2011), while in the Middle East its range
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extends from the deserts of Saudi Arabia into Iran (Cunningham and Wronski, 2010; Zarei et al., 2019). In South Asia, two
separate species of wolves are identified based on genetic differences, known as the Himalayan wolf or Tibetan wolf (Canis
himalayensis) and Indianwolf (Canis indica) (Aggarwal et al., 2007). These were historically recognized as two subspecies viz:
Canis lupus chanco and Canis lupus pallipes (Sharma et al., 2004; Shrotriya et al., 2012). Indian wolf is adopted to lower plain
and desert habitat across the many southern states of India and extends up to southern parts of Pakistan (Jhala, 2003; Shahi,
1982) while the Himalayan wolf adapted to survive in the high-altitude, in Tibetan plateau, Central Asia, Nepal, northern
states of India and whole alpine and sub-alpine meadows of northern Pakistan (Joshi et al., 2020; Roberts and d’Olanda, 1977;
Werhahn et al., 2020, 2018). The current study has been carried out in the northern part of Pakistan, which falls in the
distribution range of the Himalayan wolf (Roberts and d’Olanda, 1977). Globally, the grey wolf has been classified as Least
Concern by the IUCN Red List (Accessed on May 23, 2020). However, national assessment in Pakistan considered wolf species
endangered (Sheikh and Molur, 2005).

Occupancy for a given species can be explained in terms of its occupation of a certain area at a specific interval of time
specified in the sampling period. The substantial factor in monitoring the species is its detectability but it is mostly imperfect
as certain species cannot always be detected in areas where they occur (MacKenzie et al., 2002). The issues of detectability
should be considered to make precise inferences because non-detection of species does not indicate the genuine absence
(Buckland et al., 2000; MacKenzie and Nichols, 2004). The occupancy and detection of species can be influenced by many
biotic, physical, and anthropogenic factors which include season, topography, biological rhythms, weather, and sampling
methods (O’Connell et al., 2006). The proportion of changes in the occupied area of a species may be associated with variation
in the size of its population (Royle and Nichols, 2003). Application of presence/absence data has amplified recently for
monitoring wild animals and particularly in the investigation of habitat selection (Fleishman et al., 2001; MacKenzie et al.,
2002). Site occupancy delivers realistic inference being a cost-effective and reliable alternative for monitoring species hard
to be individually recognized (Pollock et al., 2002). The data derived from detection/non-detection encounters of a species
obtained from camera trapping can be used for estimation of occupancy of a species (Marnewick et al., 2008; Oberosler et al.,
2017).

Most often, large carnivores are deemed keystone species, for the reason that as apex predators they regulate the pop-
ulation of prey species, which possibly have substantial effects on the ecosystem and related species as these are connected
through trophic cascades (Ripple and Beschta, 2012; Treves and Karanth, 2003). Globally, human-carnivore conflict is a
product of several factors including, developmental activities of humans, depredation on livestock and game species,
spreading of diseases, and attacks on humans (Distefano, 2005). All these have negative repercussions for humans as well as
carnivores, particularly when people reside near or inside protected areas (Mishra, 1997). Due to livestock depredation, local
communities incur huge economic losses, especially where livestock is their sole source of revenue. There are also rare and
randomoccurrences of wolves attacking humans (Krithivasan et al., 2009). Resultant to these losses, humans retribute against
wildlife by shooting, hunting, or poisoning. All these reactions of people are subject to the acceptance level to the species in
conflict (Frank et al., 2005). The human-wolf conflict has adverse effects on the animal and ends up in retaliatory killings of
grey wolf (Fritts et al., 1997).

This phenomenon of human-carnivores conflict exists in severity across northern Pakistan due to excessive predation of
livestock. Interestingly, there is a scarcity of information available on human-wolf conflicts in the country, despite the
widespread significance of the burning issue (Din et al., 2013, 2017; Khan et al., 2019).

The objective of the current study was two-fold; First to understand the occupancy of the Himalayan wolf concerning
environmental factors in the Khanbari Valley, Gilgit-Baltistan. Secondly, to document human-wolf conflict and its conse-
quences for the grey wolf as well as humans in order to develop a baseline for the future conservation of the species in the
area.
2. Materials and methods

2.1. Study area

The present study was conducted in Khanbari Valley (35�41038.92"N 73�54022.91"E) located in the Diamer District of Gilgit
Baltistan. This study area is located in the dry temperate zone of Hindukush Range of Gilgit-Baltistan and it shares borders
with Darel, and Karga Valleys to the north-east and River Indus lies in south respectively with an elevation range from 900 to
4700 m as shown in (Fig. 1).

This whole area falls in the arid climatic zone. The precipitation at elevated peaks and pastures may be higher and the
temperature is expected as low as �15 �C, but it could n’t be recorded due to the absence of a weather station. The whole
study area has a richness in flora and fauna. The dominant plant species found in the area include Pinus wallichiana, Pinus
gerardiana, Cedrus deodara, Abies pindrow, Picea smithiana, Quercus ilex, and Juniperous communis (Akbar et al., 2014). Fauna of
the study area include snow leopard (Panthera uncia), grey wolf (Canislupis), Himalayan brown bear (Ursus arctos), Asiatic
black bear (Ursus thibetinus), Musk deer (Moschus moshiferus), and Ladakh urial (Ovis vignei vignei) Roberts and d’Olanda
(1977).
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Fig. 1. Layout map of camera-trap distribution in Khanbari Valley, Diamer District Gilgit-Baltistan.
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2.2. Survey techniques

Two types of survey techniques were used in the current study including camera trapping and questionnaire survey.

2.2.1. Camera trapping
Camera trapping is frequently applied for monitoring elusive, cryptic, and rare species of wildlife (Jackson et al., 2006). It is

a proven technique for estimation of density, habitat suitability, occupancy, and diversity of wildlife species (Ahmad et al.,
2016; Kabir et al., 2017; Karanth and Nichols, 1998). A camera trapping study was conducted in Khanbari Valley from 5th

December 2014 to 11th January 2015. The whole study area was defined into blocks of comparable size based on natural
watershed demarcations. A total of 47 motion-sensitive (PC900 HyperFire™ and HC500 HyperFire™ Reconyx, Holmen, WI,
USA) cameras were installed at various sites in different watersheds across the study area encompassing an area of 810 km2

(Fig.1). A literature review of 81 studies in central and south Asia indicates that the number of cameras used in population and
occupancy studies of snow leopards ranged between 20 and 50 per study area in uniform grids of various sizes ranging
between 5 and 10 square kilometers (Khan, 2019).

In each watershed, locations for camera installationwere selected based on the presence of scats, pugmarks, or other signs
of thewolf (Ahmad et al., 2016; Kabir et al., 2017), and confluence point of multiple trails were preferred. Aminimum distance
of 1 km between camera stations was ensured in the majority of cameras but inaccessibility due to rough terrain, non-
availability of tracks, and chances of avalanches and rockfall in knee-deep snow obstructed this exercise in few water-
sheds. All cameras were erected on metal poles with an approximate height of 50 cm from the ground. To eliminate the
3
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chance of false photos triggered by sunlight, cameras were fixed either northwards or southwards. All the vegetation was
removed from the viewshed of the camera to avoid motion-triggered unwanted photos (Jackson et al., 2006). Castor-based
lures were applied to improve the chances of capture probability and enhance the photo-capture of both flanks of animals
(Bischof et al., 2014; Guil et al., 2010). All the cameras were set with the same set of triggering: three consecutive photos in
one second alongwith recording the time and day of capture. All the relevant topographical information i.e. habitat, elevation,
terrain features, etc. were documented in specific sheets given as Annexure A of Supplementary materials. The coordinates
and elevation of every camera were obtained through the Global Positioning System (GPSMAP 62s Garmin, GARMIN Ltd,
USA).

2.2.2. Questionnaire survey
Questionnaire surveys are an effective tool for evaluating human attitude, level of tolerance, and the perception of people

towards wildlife (Ahmad et al., 2016). The patchy and sporadic spread of human settlements across the valley was the main
obstacle to collect systematic sampling based on the proportion size of entire households in each village. Thus, interviews of
57 randomly selected respondents from villages viz. Khanbari (11 households), Bailo (08), Dasoi (09), Dobot (06), Khurran
(04), Narrary (05), Naimay(07), and Saire (07) were conducted and attendance of local elders and local wildlife guard was
ensured to avoid false information. A semi-structured questionnaire was utilized covering information regarding the status of
predators, livestock demography, depredations, and attitude of locals to the wolf. Each section contained further questions to
elaborate on the details. Color photographs of the grey wolf were displayed to the respondents to obtain reliable information
in the interview session.

2.3. Analytical approach

For occupancy analysis, the photographswere thoroughly examined for wolf photos and the capture datewas documented
in a tabulated form for the target species. Based on capture events, an electronic sheet of trap history was formed, which
included the details of when the species was trapped in cameras; “1” was assigned to the days on which the photo of the
species was recorded while “0” was given to the days without capture while “e“ indicated days when the camera was not
operational. Thus, the trap history revealed the detection and non-detection history of the grey wolf.

Site covariates including Normalized Difference Vegetation Index (NDVI), elevation, slope, the density of roads, and
ruggedness were extracted around a buffer of 500m radius of each camera station using Spatial Analyst Tools in ArcGIS 10.3.
Each camera-trap, which constitutes point sampling, represents the proportion of habitat occupied within awolf home range
during a one-month sampling period (Efford and Dawson, 2012; Neilson et al., 2018). MacKenzie et al. (2002) was followed to
estimate site occupancy and detection probability for species, detection, and non-detection in Program PRESENCE by applying
the single-season occupancymodel (Hines, 2006; Nichols et al., 2008). Camera trapping data of wolf encounters was arranged
on weekly basis to get consistent outputs. The correlation of various sites and survey covariates were checked, and to
eliminate confounding effects during the analysis, some variables were dropped. Different sets of sites and survey covariates
were tried to get the model that effectively described the variation in model outputs. The best model was chosen based on
Akaike Information Criteria (AIC) with aminimumvalue that signifies a balance between fit (likelihood) and the least number
of parameters (Akaike, 1974; Burnham and Anderson, 2002). To derive the final parameter estimates, top models were
selected and their model averaging was carried out (Nichols et al., 2008).

In order to understand the prey selection of wolf among the available livestock from questionnaire data, we calculated
selection ratio indices for prey preferences (Manly et al., 2007). Furthermore, to derive statistical inference from data, mostly
the choice of themodel depends on the type of response variables. Sincewewere interested inmodeling the predation counts
i.e. the response variable, we used Poisson regression. Model selection based on AIC was made through stepwise backward
elimination using p-value ¼ 0.05 and effects were plotted using package “effects” in R.

The predation count was modeled with explanatory factors including habitat, prey type, prey age, time, and season. Based
on local knowledge, habitat was categorized into two levels: forest and pasture. There was one observation in the village and
therefore it wasmerged into the pasture. The prey type had sub-categories like goat, sheep, and others. Others included cattle,
horses, and donkeys. Prey age was classified into two-level young and adultsdyoung were of age up to two years while more
than two years were considered as adults. Time was classified as day and night. The season had subclasses as spring, summer.
There was no observation for winter, and a single observation for autumn was merged with summer.

The format used in this study for the collection of data and script of the Poisson Regression model in the program “R” is
given as Annexure B of Supplementary material.

3. Results

3.1. Camera trapping

Overall, forty-sevenmotion-triggered cameras were installed in various watersheds of the study area. These cameras kept
on operational for a total of 1428 trap nights and obtained 30,855 photographs. Grey wolf individuals were captured at 11
camera stations at 12 different capture events (Fig. 2). A total of 276 wolf photographs were obtained. The photo-capture rate
obtained for the grey wolf was 0.77 while the percentage of wolf captures was calculated at 0.89.
4



Fig. 2. First photographic evidence of black wolf in Khanbari Valley, Diamer District, GB.
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3.2. Occupancy of himalayan wolf

Naïve occupancy estimated for grey wolf was 0.23 in Khanbari Valley during the survey. To test the impact of various
environmental factors, 16 models were run in the PRESENCE program, including site and survey covariates in multiple
combinations (provided in Supplementary Material C). No single model stood out to be the best in terms of AIC (Akaike
Information Criteria), therefore model averaging of models with delta AIC<2 was conducted to obtain estimates at the site
level (Table 1). The average occupancy after model averaging was estimated at 0.37 ± 0.22 S.E. and detection probability was
0.29 ± 0.19 S.E. The variables retained in the averaged models were: NDVI, Roads, Slope, and Ruggedness. All these variables
had a positive effect on occupancy, suggesting that wolf preferred areas with denser vegetation, higher ruggedness, steeper
slopes, and away from roads (Table 2).

3.3. Human-wolf conflict

3.3.1. Livelihood system in study area
The livelihood source in the study area, like the rest of northern Pakistan, is mainly constituted of an agro-pastoral lifestyle,

where livestock is a main source of revenue. In Khanbari Valley, about 5% of households (n ¼ 57) raised a total of 9,169
livestock with herd size averaging 161 (range 6e635) per household. Goats constituting 84.8%, followed by sheep 7.5% while
cattle and others made up 5.4% and 2.2% of the herd respectively. During the year 2014, the 57 respondents sold a total of 450
livestock for USD 60,539 which resulted in an average income of USD 1,062 per household annually.

3.3.2. Public sighting and status
Interviews of 57 respondents were conducted in the 8 villages of Khanbari Valley in 2014 to assess the sightings of large

carnivores; snow leopard, common leopard, grey wolf, brown bear, Asiatic black bear, and lynx present in the area
Table 1
Top Models tested for the grey wolf and their AIC weightage and values, likelihood, and number of parameters.

Model AIC Delta AIC AIC weight Model Likelihood No. Parameters �2*Log Like

J(NDVI), p(.) 95.44 0 0.1821 1 3 89.44
J(NDVI þ Roads.), p(.) 95.86 0.42 0.1476 0.8106 4 87.86
J(NDVI þ Slope.), p(.) 96.11 0.67 0.1303 0.7153 4 88.11
J(Ruggedness), p(.) 97.43 1.99 0.0673 0.3697 3 91.43

J ¼ occupancy, and p ¼ detection probability.
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Table 2
Parameter estimates of covariates retained in the top occupancy models of grey wolf.

Coefficients b SE

j (NDVI) 0.49 0.29
j (Roads) 0.21 0.14
j (Slope) 0.18 0.13
j (Ruggedness) 0.25 0.19
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documented in the last five years. The Asiatic black bear was the most sighted species followed by grey wolf and snow
leopard. The majority of respondents had few sighting for brown bear and common leopard (Table 3).

To determine the status of the carnivores, people were asked to categorize them as common, rare, or absent. A large
number of respondents viewed three species; Asiatic black bear (60% respondents), grey wolf (56%), and lynx (54%) to be
common in the area. About 77% of locals thought snow leopard was rare, while the majority of locals (93%) considered brown
bear and common leopard were absent (Fig. 3).

3.3.3. Livestock predation and economic assessment of loss
The respondents had lost 166 livestock towolf’s predation in the last five years in Khanbari Valley. Therewas no significant

difference in predation losses across the sampled sites (Chi-square ¼ 0.89, p ¼ 0.989).
The selection ratio index indicates that predation of goat though highest in proportion is predated as per availability.

However, sheep predation indicates selection for this animal, because predation is much higher (2.33) than availability. Cattle
and other were also predated as per availability and account for the least part of the livestock loss (Table 4).

The described figure of 166 livestock losses constituted a monetary loss of USD 17,047 (USD 299) per household) to 57
households during the last 05 years. This economic loss constitutes 28% of the overall income generated from the sale of
livestock per annum. The greater economic loss occurred in the form of goat depredation, followed by cattle, sheep, and
others (Table 4).

3.3.4. Factors affecting livestock predations
The top poisson regression model (AIC 172.22), retained four variables: habitat, prey type, prey age, and time of predation

(Table 5, Fig. 4). The full model with variables was:

lmerðPredation e Seasonþ Habitat þ Prey:Type þ Prey:Age þ Prey:Sexþ Timeþð1jYearÞ; family ¼ poissonÞ
The final selected model through stepwise backward elimination was:

lmerðPredation e Habitat þ Prey:Type þ Prey:Age þ Time; family ¼ poissonÞ
The parameter estimates indicated that predation in pastures was 1.5 times higher than the forest. Among prey types,
predation was highest in goats, followed by sheep. Taking other livestock (cattle, donkey, and horse), the predation rate for
goat and sheep is 5 and 4 times, respectively. Similarly, wolf attacks were 2.2 times higher in adults than in the young group.
The timing of predation appeared to be predictable, as predation at night was 2.4 times higher than that during day time.

3.3.5. Perceived danger of grey wolf
Wolf is perceived to be a high risk for their livestock, and amajor threat to the livelihood of local communities. On a rank of

1e4 (1 ¼ most dangerous, while 4 ¼ least dangerous), the majority of respondents (81%) placed wolf in Rank 2 followed by
Rank 3 (12%), Rank 4 (5%), and Rank 1 (2%).

4. Discussion

This study is the first to employ the use of camera traps to estimate the grey wolf’s occupancy in Pakistan. Camera trapping
is more dependable than sign-based or secondary studies for elusive species like grey wolf in remote and little-studied areas
Table 3
Reported sightings for carnivore species in Khanbari Valley in last five years.

Species Total annual sighting Average annual sighting

Snow Leopard 273 5
Common Leopard 42 1
Grey wolf 515 9
Brown Bear 42 1
Black Bear 832 15
Lynx 558 10
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Fig. 3. Status of different carnivores in the study area based on public information.
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such as northern Pakistan. This effort was aimed at bridging the information gaps in ecological data about the species here in
this part of the world. This technique has been used to document elusive and wide-ranging species like the grey wolf across
the word (Ilemin, 2014; Kabir et al., 2017; Subba et al., 2017).

According to Roberts and d’Olanda (1977), the northern areas are a promising homeland for the grey wolf, though
empirical evidence for their occurrence is limited. The occupancy estimates obtained were 0.37 ± 0.22 S.E. comparable to one
reported from other parts of the Himalaya (0.32 ± 0.12 S.E.) with similar habitat conditions (Suryawanshi et al., 2013). The
high variance in the estimate is likely due to the small data set, low encounter rate, and design flaws (close installation of
camera stations in comparison to home range size, partial coverage of the whole area due to inaccessibility along with harsh
weather conditions). Sparse and imprecise data in large carnivore’s research is common, yet invaluable to inform manage-
ment measures. For example, photo-graphic evidence of species occurrence and occupancy pattern across survey sites
provides first-ever empirical evidence to policymakers for targeting conservation efforts for this threatened species.
Detection probability was low (0.29 ± 0.19 S.E.) than reported by Suryawanshi et al. (2013, 0.45, SE ¼ 0.15) from India. Lack of
covariate’s effect on detection is probably due to short survey duration and less heterogeneous habitat.

The present study identified NDVI with a strong positive effect, suggesting that occupancy within a wolf home range was
higher where vegetation is denser. According to Din et al. (2013), the grey wolf prefers alpine and sub-alpine meadows
avoiding rocky hills and rugged barrenmountains across the District Chitral of Hindukush landscape. The cape hare, themajor
prey-base in the study area, was also abundant in the densely vegetated meadows of the valley. Jedrzejewski et al. (2008)
reported that the grey wolf preferred forest cover as the dominant habitat in Poland. Nowak et al. (2008) also docu-
mented wolf utilization of forests for shelter.

The occupancy was higher at locations distant from the roads suggesting that the species avoids disturbed areas. Wydeven
et al. (2001) and Whittington et al. (2005) observed that a grey wolf pack selected areas located away from active roads, and
trails and showed a tendency towards low-use roads and trails. Potvin et al. (2005) and Oakleaf et al. 2006 also reported that
wolves avoid localities with a high density of roads to minimize encounters with humans.

Terrain features like slope, ruggedness, and elevation influenced occupancy of wolf. As affirmation from literature,
Kaczensky et al. (2008) reports wolves prefer mountainous terrain over flat steppe in Mongolia through GPS data. Wild
ungulates, the main prey-base of large carnivores, prefer broken and rugged terrain to avoid predators and to ensure
theirsurvival and are subsequently followed by them (Schaller, 1976). Since predators follow the prey, topographic features
become important for habitat use and occupancy (Rich et al., 2013).

There have been several camera trap studies carried out within the grey wolf range across northern Pakistan in the past
five years; Din et al. (2013) in Chitral, Bischof et al. (2014) in Qurumbur National Park and Khunjerab National Park,Wang et al.
(2014) in Khunjerab National Park, Gilgit Baltistan, Pakistan. However, a large blackmalewas photo-captured for the first time
during the current study, and we assume it is an alpha male.

The utmost prevalent factor of human-wildlife conflict across the globe is the predation of livestock by carnivores and is
largely confined to the developing countries (Treves and Karanth, 2003). In the Himalayas and Hindukush ranges, increased
killing of livestock by the wolf is correlated with the increase in livestock numbers (Din et al., 2013; Khan et al., 2019). The
average annual livestock loss (0.58 animal/household) by wolf estimated during the current study is lower than the predation
rate documented from other areas of Pakistan (1.09 per household/year) (Din et al., 2013). Globally, decline in densities of its
natural prey-base is a vital factor triggering wolf predation on livestock (Meriggi and Lovari, 1996; Vos, 2000), and the same is
7



Table 4
Reported livestock losses by the wolf in Khanbari Valley, during the last five years (2009e2014).

Goat Sheep Cattle others Total

Reported livestock losses 126 31 6 3 166
Proportion by type of animal (A) 0.76 0.19 0.04 0.02 1.00
Proportion of livestock holdings in the community (B) 0.85 0.08 0.05 0.02 1.00
Selection ratio (w ¼ A/B) 0.89 2.33 0.72 0.90 4.85
Average loss of animal per household 2.2 0.5 0.1 0.05 2.85
Economic losses of livestock (USD) 10,962 1,768 3,156 1,161 17047

Table 5
Parameter estimates of Poisson regression, tested on predation by the grey wolf in Khanbari Valley, GB.

Factors Levels Odds Ratio Estimate Std. Error z value P-value

Intercept 0.244 �1.409 0.467 �3.016 0.003
Habitat Forest Reference

Pasture 1.486 0.396 0.175 2.262 0.024
Prey Type Other Reference

Goat 5.014 1.612 0.346 4.662 0.035
Sheep 3.991 1.384 0.384 3.603 0.042

Prey Age Young Reference
Adult 2.242 0.807 0.293 2.756 0.006

Time Day Reference
Night 2.403 0.877 0.175 5.013 0.005
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true for Gilgit-Baltistan of Pakistan, where populations of wild ungulates are on the decline in many areas (Abbas et al., 2013).
This is evident from no photo-captures of wild ungulates in the study area.

Depredation of livestock causes high economic losses among pastoralists whose sole livelihood is livestock. In Khanbari
Valley, the overall economic loss caused by grey wolf predation was USD 17,046 (USD 299 per household). This loss is higher
than previously documented by Din et al. (2013) (USD114 per household), Ahmad et al. (2016) (USD 21), Din et al. (2017) (USD
110) but lower than Khan et al. (2019) (USD 424. 8 per household) from Pakistan. Such huge economic losses serve stimulus
for hostile behavior and leading to retaliatory actions by pastoralists (Conforti and De Azevedo, 2003; Oli et al., 1994). Some 66
to 85 wolves were killed in the 2005e2006 period using firearms in retribution for attacks on livestock in Gilgit Baltistan of
Northern Pakistan (Abbas et al., 2013).

The current study revealed that grey wolf depredation was higher in pastures, followed by forests and negligible in vil-
lages. A large number of depredations in pasture and forest is because of the uphill movement of the locals to their summer
huts in open meadows along with their livestock which makes them prone to depredation (Ahmad et al., 2016). This study
reported that goats and sheep were more susceptible than others. Khan et al. (2014) reported grey wolf killed more goats and
sheep than cattle and others in Karakoram-Pamir Mountains in Gilgit Baltistan while a similar trend in the Hindukush range
observed by Khan et al. (2019). It is convenient for large carnivores to kill livestock of medium size and shift them to shelter
due to their lighter weight (Dar et al., 2009). This study documented that wolf depredation of adult livestock was far higher
than young ones. Ahmad et al. (2016) reported that livestock herds are mostly composed of adults, while young ones are kept
at home to minimize their predation risk in open meadows. The higher frequency of attacks on livestock during the night is
consistent with the findings of Patterson et al. (2004) as they documented more attacks after dark.

The majority of people declared the grey wolf as dangerous carnivores, it is because of the heavy predations caused by
large packs roaming in the area (Ahmad et al., 2016). The other factor to consider is the fear of attacks on humans (Behdarvand
and Kaboli, 2015). Din et al. (2013) also reported that the wolf is considered the most dangerous carnivore owing to its high
predation. Khan et al. (2014) reported lower predation rate of livestock by wolf than that by snow leopards. But since wolf
predates on more economically valuable species like yak, it recives greater hatred. Xu et al. (2015) reported that the negative
perception of wolves was directly correlated to the predation rate and the number of livestock owned by people in western
China.
5. Conclusions

The results of this study confirmed the presence of the grey wolf, particularly in areas away from human activities, and
documented its conflict with local people in the study area. Local people incurred formidable financial losses owing to its
depredation on livestock and subsequently it was considered to be a dangerous species. The predation incidents were
frequent in pastures where livestock are left for free grazing. Thus, conflict mitigation measures are vital for promoting wolf-
human co-existence, which can be achieved through initiatives like compensation for economic losses, improving watch and
ward practices by recruiting more wildlife staff from the same valley, construction of proper predator-proof corrals in pas-
tures, and awareness campaigns in the local community.
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Fig. 4. Effect of different variables on predation of the wolf in Khanbari Valley, GB.
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