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Abstract:
Background and Objective: Asiatic black bear, one of the flagship species in Kishtwar high altitude National Park is least surveyed for
its current distribution, thus limiting the conservation planning and management actions at landscape level. To have first-hand
information about the possible distribution and area occupancy, an attempt was made to map its spatial distribution to earmark the areas
demanding specific management attention. Materials and Methods: Maximum Entropy (MaxEnt) algorithm was used to delineate the
areas of maximum probability of black bear distribution based on selective environmental correlates. Fifty-one presence points and six
environmental variables were used to generate probability distribution maps in MaxEnt. The analysis gave a deep insight into the degree
of influence of environmental variables on its distribution. Results: The average value of 0.92 obtained for the area under receiver
operating characteristic curve (AUC) substantiated that the model performed very well. The study indicated that black bears mostly
preferred forested landscapes (2200-3300 m) in Kibber, Nanth, Kiyar and Renai watersheds. The land use/land cover and elevation
emerged as the most critical variables to the model building with individual contribution of 48.1 and 45.2%, respectively. Conclusion:
The results suggested that dense temperate forests, the ideal habitats of black bear mostly along the perennial streams and rivers should
be given due attention in long-term conservation and planning. The area outside the park should also be included to have a better
understanding of habitat requirements of the animal and its likely dispersal routes.
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INTRODUCTION

For the effective management of large mammals,
knowledge about their distribution is very important so that
managers and conservationists can delineate and prioritize
areas for the implementation of conservation policies and
practices1. In the face of increasing anthropogenic pressures,
determining distributions is crucial for long term survival of
the species2. Long term data on space-use and abundance are
necessary, but conventional approaches like transect surveys,
camera traps and non-invasive genetic sampling are cost and
labor-intensive as well as time consuming3-7. Consequently,
the conservation biologists are increasingly relying on
predictive models for estimating patterns of species
distribution and thereby defining conservation strategies8-10.

Whereas a large number of statistical methods are in
practice to construct species distribution models, MaxEnt was
used in the current study. MaxEnt is a machine learning
program that uses a statistical technique called maximum
entropy which makes predictions from incomplete
information11-12. MaxEnt models the geographic distribution of
species using occurrence records and different environmental
variables on the principle of a uniform probability distribution.
MaxEnt models have been considered ideal for predictive
performance of Species Distribution Models.

The Asiatic black bear Ursus thibetanus, (here onwards as
black bear) sometimes also referred to as Himalayan black
bear is a vulnerable species as per the International Union of
Nature and Natural Resources (IUCN) red list13 with
bodyweight  average  of  135  kg  (60-200  kg) for males and
40-125 kg for females. It has been reported to be continuously
distributed through southern and eastern Asia from westward
through Pakistan and Afghanistan to Baluchistan province of
Iran; east to Indo-China, Korea and Japan and an isolated
population in Taiwan14. Schaller15 reported a widespread
distribution for black bears from Korea and Russia to Indo-
China and from the forests of the Himalayas below an altitude
of 3,750 m west as far as Afghanistan and Iran. The Himalayan
region and hills of northeast India probably holds one of the
largest populations of black bear in Asia14,16, with best-known
population being reported from the Jammu and Kashmir
state16,17.

Kishtwar high altitude National Park, (here onwards as
Kishtwar National Park) was notified in the year 1986 in
Kishtwar district of the erstwhile state of Jammu and Kashmir.
Located between 33E20 and 34E04 N and 75E40 and 76E10 E,
the park initially covered an area of 1700 Km2 (1250 Km2 under
permanent snow/glacier and 450 Km2 under forest  cover)  in

an elevational range of 1800 m to 6000 m. Subsequently, in an
extensive demarcation exercise, all habitations, hamlets and
villages from the park were excluded and park boundaries
were redefined with the final area coverage of 2193 km2. The
National Park provides representative and distinct habitats for
large carnivores like snow leopard, common leopard, black
bear, brown bear and Himalayan fox. The current status and
extent of distribution of large mammals from this region is
largely unknown. The first animal survey in the protected area
was however undertaken by Kichloo18 followed by Parsa19 and
Baba20 while, Hilaluddin and Naqash21,22 conducted preliminary
census and population/density estimates of large mammals.
No more studies / exhaustive census surveys have been
reported since then. The spatial extent, past distribution and
current occupancy of mammals, including the black bear has
not so far been recorded for the park. This study thus aimed at
understanding the current distribution of black bears, identify
its potential habitat and delineate such areas for further
conservation and management.

MATERIAL AND METHODS

Study area: The Kishtwar National Park lies at a distance of
around 70 km north of Kishtwar town on the north-eastern
side of the Union Territory of Jammu and Kashmir bordering
with Kargil district of Union Territory of Ladakh. It lies between
33E43 and 33E99 N and 75E65 and 76E28 E with area coverage
of  2193  km2  and  elevational  range of  2224  m to 6293 m
(Fig. 1). The study area is characterized by vivid landscapes
comprising vast and narrow valleys, rugged mountains,
broken cliffs, snow-clad peaks and a vast drainage network.
The wide range of habitats viz., temperate, sub-alpine, alpine
and rocky outcrops support a good population of carnivores
and their prey base. The Park is well drained by four major
streams/rivulets i.e., Kibber, Nanth, Kiyar and Renai. Renai, the
largest watershed bounds Kashmir in north-west and Ladakh
in north, while Kiyar share the northern boundary with Ladakh,
and, Kibber and Nanth with Paddar division of Kishtwar district
in the east. Renai stream drains into Marusudar River at
Marwah while Kiyar, Kibber and Nanth streams join Marusudar
at Dachan. Marusudar joins river Chandrabhaga at
Bhandarkot, Kishtwar and flow as river Chenab beyond this
point draining Akhnoor further south towards Pakistan.

Species occurrence data: The trails within forests, streams,
ridgelines, narrow valleys in different landscapes were  walked
for signs of black bear in the elevational  range  of  2200  m  to
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Fig. 1: False color composite of Kishtwar National Park
Source: Department of Wildlife Protection, J and K

Table 1: Pre-selected environmental variables for the Modeling process
Category Variable Format Resolution Source
Topographic Elevation Raster 30 m Cartosat 1

Slope Raster 30 m Cartosat 1
Aspect Raster 30 m Cartosat 1
Distance to rivers Raster Geofabrik

Topographic/Anthropogenic Land use/Land cover Raster 0.5 km ESA
Vegetation NDVI Raster 30 m Landsat 8
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4800 m during the period from March to October, 2018. The
direct sightings or presence signs (footprints, scats, scrapes,
predation on wild and domesticated animals, etc.) were
observed using binoculars and digital cameras and the geo-
coordinates were recorded using Global Positioning System
(GPS). Out of total 67 presence points recorded during the
surveys, only 51 were used in modeling as others lie outside
the park boundaries.

Environmental variables: Different environmental variables
were considered as potential predictors affecting the
distribution of black bears in Kishtwar National Park (Table 1).
These were based on the knowledge and understanding of
species in the park as well as from the existing literature. The
selected variables included terrain (elevation, slope, aspect
and distance to water bodies/rivers), vegetation (Normalized
Difference Vegetation Index, NDVI) and land use/land cover.
Distance to the roads and settlements were not used in this
case as our investigations were restricted to the park
boundaries and not beyond.

Modeling: MaxEnt (Maximum Entropy Modeling) version
3.4.111  was  used  to  generate  the  potential  distribution
maps for black bear in Kishtwar National Park. The
environmental layers, along with occurrence layer were
loaded into MaxEnt as the model inputs. The presence data
was divided into two sets, 75% for training and 25% for testing
the model.

The model was run in ten replications using sub-sampling
method with 5000 iterations and the percent contribution of
each environmental variable was estimated for each iteration
in MaxEnt algorithm. The Jackknife test that evaluates the
importance of each environmental variable by subtracting the
gain value of each variable in isolation to the total gain value
with all variables was also performed. Environmental variables
with highest gain value convey most meaningful information
to the model.

Evaluation of accuracy of any distribution model is
essential to validate models and to understand the model
performance. Model was evaluated by calculating the area
under the Receiver Operator Characteristic (ROC) Curve
(AUC)11,23. As ROC (AUC) analysis is independent of both
threshold setting and prevalence, it is one of the highly
effective methods to assess the performance of ordinal score
(presence-only) species distribution models24-26. AUC is derived
by plotting sensitivity (the likelihood that a model correctly
classifies a presence) versus 1-specificity (the probability that
a model correctly classifies an absence). AUC has a specified
range value of 0.5 to 1, where AUC >0.9 reveals the excellent,
0.7-0.9 the moderately useful and AUC <0.7 poor model
performance, respectively.

RESULTS

The  AUC  value  obtained  for  ten  replicate  runs was
0.922 with a standard deviation of 0.025 as reflected in
Receiver  Operating  Characteristic  (ROC)  curve  (Fig.  2).  The

Fig. 2: ROC curves for models of black bear
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higher AUC values substantiate high accuracy of model
generated for predicting the distribution of black bear in
Kishtwar National Park. The warmer colours (P = 1) in
continuous coloured distribution map generated for the
species indicate areas with high probability of the species
while blue (P = 0) suggested the least likelihood (Fig. 3).

Analysis of variable contributions: While comparing the
relative  contributions   of   several   environmental  variables
in  the  model,  land use/land cover with individual
contribution  of  48%  emerged as a significant factor
influencing the spatial distribution of black bear in Kishtwar
National Park.

It was followed by elevation (45.2%) while others viz.,
slope, aspect, NDVI and distance to the water body carried
minuscule weightage (Fig. 4).

Likewise in Jackknife test, elevation (elev) appeared to be
the prime environmental variable influencing the distribution
of black bear in the park with highest gain value (Fig. 5)
followed by lulc i.e., land use/landcover. The test suggested
that elevation had highest gain when used in isolation, which
therefore appears to have the most useful information by
itself.

Habitat suitability: The probability distribution map
generated  using  MaxEnt  was  imported   into   Q   GIS27  and

Fig. 3: Species distribution map of Black bear

Fig. 4: Contribution of environmental variables in the model building
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Fig. 5: Jackknife test of variable importance for Black bear in Kishtwar National Park

Fig. 6: Binary habitat suitability map for Black bear in Kishtwar National Park

re-classified based on the 10-percentile logistic threshold (of
0.064) to a binary suitable/unsuitable habitat map for black
bear in Kishtwar National Park (Fig. 6). The suitable category
included areas with environmental conditions conducive for
the species to survive and vice versa. The binary habitat
suitability map can serve as a valuable ingredient for setting
up the conservation and management practices for black
bears.

DISCUSSION

The current study was first of its kind in Kishtwar National
Park where the data on mammals in general and black bear in
particular is scanty22. The outputs produced by MaxEnt
generally  reflected  the  established  facets of bear ecology
and  biology   associated   with   habitat   suitability.  The
results indicated that distribution of black  bears  is  restricted
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to lower elevations between 2200-3300 m. Garshelis and
Steinmetz13 reported black bear habitat in both coniferous and
broad-leaved  forested  landscapes  at  an altitude of up to
4500 m, whereas, Bista and Aryal28 found the distribution of
black bears confined to elevation range 1400-3500 m in
Annapurna Conservation Area in Nepal. The elevation is one
of the most influential environmental variables which act as a
limiting factor for the distribution of terrestrial carnivores by
indirectly affecting the distribution through temperature29,30.
The Jackknife test also suggested that elevation had the
highest gain value, which, therefore, appears to have the most
useful information by itself which is the case for black bear as
well as other large mammals29,31.

The land use/landcover emerged as a significant factor
affecting the distribution of black bears in Kishtwar National
Park, with maximum probability in temperate broad-leaved
and coniferous forests along the major river courses of Kibber,
Nanth, Kiyar and Renai watersheds. It signifies a direct
relationship between the vegetation, water bodies and
species distribution. Forest cover has been known to play an
important role in habitat selection by black bears wherein they
occupy a variety of forested areas from temperate evergreen
conifers to subtropical broadleaved deciduous forests 14,28,32,33.
Liu et al.34 found that the forest cover was the only significant
environmental variable that positively affected black bear
distribution in south-western China. Black bears are also
reported to use multiple land covers as opportunistic
omnivores33,35. Another important variable which affected the
black bear habitat selection in KNP was the distance to water
bodies (rivers). Water indirectly affected the black bears in two
ways; first their survival and secondly, the areas close to rivers
were mostly covered by forests which primarily affected their
distributions. MaxEnt modeling has proven to be very effective
at determining species distributions for a variety of species
and localities, especially when the sample size is very small36-38

and a suggested Species Distribution Modeling tool for black
bear.

CONCLUSION

The present study investigated the spatial distribution of
black bear in Kishtwar National Park. The probability
distribution maps were prepared by using 51 presence points
with six environmental variables in MaxEnt. The model
indicated that black bear prefers the temperate broad-leaved
and  coniferous  forests  along  with an elevation range of
2200-3300 m in all four watersheds. Study points out the
importance of forest conservation in order to conserve black
bears in KNP.

SIGNIFICANCE STATEMENT

Land use/land cover dynamics and other environmental
variables help to delineate the potential and preferred
habitats of a particular species on broader spatial and
temporal scales. Current study describes the drivers of spatial
distribution and habitat preferences of black bear, one of the
key mammal species of Kishtwar National Park that many
researchers were not able to explore. The maps so generated
will help the park managers to prioritize their habitat
conservation efforts in the park.
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