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Abstract: Gandaki River Basin (GRB) is an important part of the central Himalayan region, which provides habitat

for numerous wild species. However, climatic changes are making the habitat in this basin more vulnerable. This
paper aims to assess the potential impacts of climate change on the spatial distributions of habitat changes for two
vulnerable species, Himalayan black bear (Ursus thibetanus laniger) and common leopard (Panthera pardus fusca),
using the maximum entropy (MaxEnt) species distribution model. Species occurrence locations were used along
with several bioclimatic and topographic variables (elevation, slope and aspect) to fit the model and predict the
potential distributions (current and future) of the species. The results show that the highly suitable area of Himala2
yan black bear within the GRB currently encompasses around 1642 km (5.01% area of the basin), which is pre2
2
dicted to increase by 51 km in the future (2050). Similarly, the habitat of common leopard is estimated as 3999 km
2
(12.19% of the GRB area), which is likely to increase to 4806 km in 2050. Spatially, the habitat of Himalayan black
bear is predicted to increase in the eastern part (Baseri, Tatopani and north from Bhainse) and to decrease in the
eastern (Somdang, Chhekampar), western (Burtibang and Bobang) and northern (Sangboche, Manang,
Chhekampar) parts of the study area. Similarly, the habitat of common leopard is projected to decrease particularly
in the eastern, western and southern parts of the basin, although it is estimated to be extended in the southeastern
(Bhainse), western (Harichaur and northern Sandhikhark) and north-western (Sangboche) parts of the basin. To
determine the habitat impact, the environmental variables such as elevation, Bio 15 (precipitation seasonality) and
Bio 16 (precipitation of wettest quarter) highly contribute to habitat change of Himalayan black bear; while Bio 13
(precipitation of wettest month) and Bio 15 are the main contributors for common leopard. Overall, this study predicted that the suitable habitat areas of both species are likely to be impacted by climate change at different altitudes in the future, and these are the areas that need more attention in order to protect these species.
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1 Introduction
Since historical periods, changes in climatic patterns have
been shaping the habitat distributions of wild species (Pielke
et al., 2002; Yu et al., 2017). Rapid climate changes and
habitat loss are the main threats driving the global loss of
biodiversity (Travis, 2003; Mantyka-pringle et al., 2012).
According to the International Panel on Climate Change
(IPCC), the temperature is expected to rise globally by
around 1.5 ℃ between 2030 and 2052 (IPCC, 2018).
Therefore, global climate change is already known to be a
major threat to conservation and it can be assumed that the
historical range of a species no longer remains suitable
(McCarty, 2001). Climate change, mainly the rise in temperature, along with illegal activities involving wildlife have
profound influence on the habitats of numerous important
key protected species on the earth’s surface (Jnawali et al.,
2011). Overall, the current and future climate changes are
key factors determining habitat loss, fragmentation, and
geographic regionalization (Mantyka-pringle et al., 2012).
Climate change scenarios can, therefore, be used as components of studies which predict the future habitat changes and
provide a foundation to aid decision-makers in developing
policies (Geary et al., 2015).
The effects of climate change on species habitats at local
and global scales are so great that many taxa are likely to go
extinct, even as their present geographic ranges increase in
elevation (Pimm, 2008, 2009). The upward shifting of vegetation due to increasing temperature is also a key threat to
high altitude endemic faunas, snails and beetles; for example, suitable habitats for these species are likely to be reduced by 77% in 2100 in the Austrian Alps (Dirnböck et al.,
2011). Climate change and treeline shifts are also influencing the distributions of species and causing habitat loss in
the Himalaya region (Zhang et al., 2011; Forrest et al., 2012;
Chhetri et al., 2018). Likewise, the effect of future climate
change has been estimated as the greatest threat to the Asiatic black bear, which will likely migrate to more northern
and western areas with higher elevations, where the area of
decrease in the future (2070) would be higher than the increase in Iran (Farashi and Erfani, 2018). Jetz et al. (2007)
have also projected that climate change and anthropogenic
factors in the tropical region will cause the extinction of
around 400 species of land birds out of a total of 8750 by
the year 2050 (Jetz et al., 2007). The Asian tropical region is,
therefore, of immediate conservation concern because of
decreasing habitats (Sodhi et al., 2004; Sodhi et al., 2010).
Globally, decreasing forest cover and increasing agricultural
land are also reducing the quality of habitat and increasing
habitat fragmentation, particularly in Southeast Asia (Jacobson et al., 2016), which has resulted in human-wildlife
conflicts and adversely impacted the habitats of many wild
species (Acharya et al., 2017). In this context, more studies
are needed to assess future climate changes based on current
changing patterns in order to protect habitats from further
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losses (Geary et al., 2015; Liu et al., 2017).
Due to variations in altitude, climate and topography, the
Himalayan region provides habitats for many unique flora
and fauna species (Sun et al., 2012; Liu et al., 2017; Nie et
al., 2017), although the changing climate has negatively
impacted the habitats of many wild species (Thuiller, 2003;
Jetz et al., 2007; Hofmeister et al., 2010). The specific effects on biodiversity in the Himalayan environment remain
poorly understood (Grimmett et al., 2016). The warming is
more pronounced in the higher Himalayas and middle
mountain regions compared to the lower elevations. The
warming trend was 0.06 to 0.128 ℃ per year during
1977–1994 in Nepal (Shrestha et al., 1999), while the maximum temperature increased by 0.045 ℃ and the minimum
temperature by 0.009 ℃ per year in the country during
1976–2015 (Thakuri et al., 2019). Likewise, Aryal et al.
(2013) have also observed a higher annual temperature increase (by 0.13 ℃ yr‒1) than in other parts of the Himalayas, particularly in the Upper Mustang of the trans-Himalaya region. As a result, snow/glacier melting, upward shifting of tree lines and the rapid degradation of alpine grasslands have all led to habitat range contractions of the Snow
leopard in the southern Himalayan ranges, although habitat
expansion is predicted in the northern ranges (Farrington
and Li, 2016). The increasing temperature has adversely
impacted higher elevation habitats in Nepal, especially in
the Himalayas (Shrestha and Aryal, 2011), whereas species
habitat distributions have already been shifting upward in
this area because of the warming temperature (Karki et al.,
2009).
Climate change, forest cover depletion and human-wildlife conflicts are the primary threats leading to
declining wild species and habitat in Nepal (Jnawali et al.,
2011; DNPWC, 2017; Liu et al., 2017). The common leopard is one of the top predators and a keystone species in
terms of the food web and functioning ecosystems (Friedmann and Traylor-Holzer, 2008; Gavashelishvili and Lukarevskiy, 2008). However, humans have had a negative
impact on the leopard due to economic losses and attacks on
humans and livestock (Jnawali et al., 2011). The Mountain,
high Himalayas and Hill are important regions for several
wild species, including the Himalayan black bear. However,
due to poaching for body parts and the decline in forest
cover, the bear habitat is declining in Nepal (Jnawali et al.,
2011). People used to hunt the bear illegally for its bile and
other parts for medicinal purposes (Garshelis and Steinmetz,
2016); therefore, the species is at risk (Jnawali et al., 2011;
Bista and Aryal, 2013; Bista et al., 2018). Besides, the human-wildlife conflict also has generated major issues regarding habitat degradation (Jnawali et al., 2011; Garshelis
and Steinmetz, 2016). Due to frequent crop-raiding and
livestock killing by two bears, Himalayan black bear and
brown bear, they are known as pest animals in Manaslu
Conservation Area (Chetri, 2013). However, studies con-
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cerning the potential impact of climate change on the future
habitat distribution of vulnerable species such as the Himalayan black bear and common leopard are lacking. These
two species are listed as vulnerable by the International Union for the Conservation of Nature (IUCN). While both species are valued from the conservation perspective, they have
impacted the livelihood of the local people through
crop-raiding, livestock depredation and attacking humans.
Therefore, for long-term conservation, harmonious circumstances must be maintained. This study predicts the potential
impact of climate change on the future distribution of these
two globally protected species, along with relevant topography, within the Gandaki River Basin of the central Himalaya region.

2 Materials and methods
2.1

Study area

Geographically, the Gandaki River Basin (GRB) is a part of
the Himalayan region located in central Nepal. It extends
between 28.35°N–29.33°N and 82.87°E–85.80°E. This basin encompasses about 32810 km2 in area at elevation ranging between 94 m and 8167 m above sea level (masl) (Fig. 1).
The sum of annual precipitation in the basin has been recorded as ranging from 285 mm (driest region) to 5160 mm
(wettest region), and the average temperature varied from
6.12 ℃ to 32.35 ℃ in 2014 (MoPE, 2018). The basin is
rich in various land cover types, ecosystems and habitats for
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various wild species (Rai et al., 2018; Rai et al., 2020).
According to the IUCN red-data list, GRB harbors 12
Critically Endangered, 16 Endangered, 41 Vulnerable and
55 Near-threatened species. This basin includes six nationally protected areas (Annapurna, Manaslu, Chitwan, Langtang, Shivapuri-Nagarjun, Parsa) (DNPWC, 2018). The nationally protected Annapurna Conservation Area (ACA)
contains 105 species of mammals, 519 species of birds, 40
species of reptiles and 23 species of amphibians (DNPWC,
2018). Similarly, Chitwan National Park (CNP) was the first
National Park established in the country and has also been
listed as an UNESCO World Heritage Site, which contains
more than 57 species of mammals, including common leopard, Royal Bengal tiger, One-horned Rhino, and Asian Elephant and many more key protected species (DNPWC,
2018). The Himalayan black bear is distributed mainly in
the northern parts at the high altitudes, while the common
leopard has been found all across the lower and higher elevations of the GRB (Fig. 1).

2.2 Datasets
2.2.1 Species occurrence
This study focuses on two species, the Himalayan black
bear and common leopard, which are both listed on the appendix of Convention on International Trade in Endangered
Species (CITES). CITES Appendix I lists species of conservation concern, and 32 mammals from Nepal are listed,

Fig. 1 Location of GRB and species occurrences

Note: CA-Conservation Area; NP-National Park; WR-Wildlife Reserve.
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including the Himalayan black bear and common leopard
(MoFE, 2018). Information regarding the locations of occurrence for these species (25 points for Himalayan black
bear and 42 for common leopard) was obtained from the
National Trust for Nature Conservation (NTNC). The
NTNC, an organization which has been working on wildlife
research and conservation in the country since 1982. It was
established by the special act “National Trust for Nature
Conservation Act 1982” and is an authorized organization
for wildlife research and conservation. The NTNC conducts
regular monitoring of many wild species and human-wildlife
conflicts.
2.2.2 Bioclimatic and topographic variables
A total of 19 bioclimatic variables at 30 arc-second spatial
resolution were downloaded from version 2 of the WorldClim geoportal (http://www.worldclim.org/) (Table 1). These bioclimatic variables encompass annual trends in mean
temperature and mean precipitation, as well as extreme or
limiting environmental factors for the coldest and warmest
months and precipitation in the wet and dry quarters (Fick
and Hijmans, 2017). The WorldClim current data layer was
generated by interpolation of the average monthly climate
data annually for the period between 1970 and 2000 on a 30
arc-second resolution grid (Rai et al., 2020).
In this study, future projected climate data from
IPPC5-Global Climate Models (GCM) were used for four
representative concentration pathways (RCPs). The GCM
climate projections used in this study were published in the
Fifth Assessment IPCC report (Fick and Hijmans, 2017).
The future climatic data of 2050 were the downscaled CouTable 1

pled Model Intercomparison Project phase 5 (CMIP5) data
at 30 arc-second resolution based on Representative Concentration Pathways (RCP) 4.5 and the Community Climate
System Model version 4 (CCSM4). The simulated climate
data (CMIP5) includes four different RCP scenarios for the
20th and 21st centuries and the pattern of future temperature
in CCSM4 agrees with previous results (Meehl et al., 2012).
The RCP45 model was based on a medium carbon emission
scenario (IPCC, 2013). All bioclimatic variables (current
and future) were resampled into 30 m spatial resolution. The
Digital elevation model (DEM)/elevation at 30 m spatial
resolution was obtained from the United States Geological
Survey Earth Explorer and used to prepare slope and aspect
maps using ArcGIS software. In addition to bio-climatic and
DEM data, land use and land cover data also include important variables for habitat modelling (Liu et al., 2017), but
in this study, we have used only bio-climatic and topographic data (elevation, slope and aspect) for the MaxEnt
modelling.
To address the multicollinearity problem of bio-climatic
data, Pearson correlation analysis was performed based on
the values for each climatic variable corresponding to the
species occurrence locations. Highly correlated variables,
i.e., those with a threshold greater than 0.65 for Himalayan
black bear and 0.75 for common leopard, were dropped and
only the less correlated variables were retained. Due to the
species occurrences and very high inter-correlations among
the climatic variables, the coefficient values which were
removed differed.

Environmental variables used in this study and their descriptions
Variable

Climate

Description

Common leopard

Bio 1

Annual mean temperature

√

×

Bio 2

Mean diurnal range

√

×

Bio 3

Isothermality

√

×

Bio 4

Temperature seasonality

×

×

Bio 5

Max temperature of warmest month

×

×

Bio 6

Min temperature of coldest month

√

√

Bio 7

Temperature annual range (Bio 5, 6)

×

×

Bio 8

Mean temperature of wettest quarter

×

×

Bio 9

Mean temperature of driest quarter

√

√

Bio 10

Mean temperature of warmest quarter

×

√

Bio 11

Mean temperature of coldest quarter

√

√

Bio 12

Annual precipitation

×

√

Bio 13

Precipitation of wettest month

√

√

Bio 14

Precipitation of driest month

√

√

Bio 15

Precipitation seasonality

√

√

Bio 16

Precipitation of wettest quarter

√

√

Bio 17

Precipitation of driest quarter

√

√

Bio 18

Precipitation of warmest quarter

√

×

Bio 19

Precipitation of coldest quarter

√

×

Elevation, slope, aspect

√

√

Topography
Note: √‒

Himalayan black bear

retained; ×‒ excluded
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2.3

Maximum Entropy (MaxEnt) model and
suitability analysis

MaxEnt version 3.4.1 was used to model and map the current and future distributions of suitable habitats for the two
selected species. MaxEnt calculates the probability of suitable conditions occurring for a species rather than the likelihood of its presence (Phillips et al., 2004). The purpose of
this model is to identify wild species environmental requirements and the geographical distributions of the conditions that meet those requirements (Phillips et al., 2006;
Baldwin, 2009). MaxEnt has been widely used in estimating
the present and future geographic distributions of various
species, such as predicting the distribution of Himalayan
Monal (Rai et al., 2020), habitat changes of Stipa purpurea
in the Tibetan Plateau (Hu et al., 2015), habitat changes for
key protected species in Koshi Basin (Liu et al., 2017), assessing the potential distribution of the Chinese caterpillar
fungus in Nepal (Shrestha and Bawa, 2014), and mapping
the present and future dengue fever suitability areas in Nepal (Acharya et al., 2018). In the MaxEnt analysis, 75% of
species occurrence locations were randomly assigned for
training the model, while the remaining 25% were used for
testing. Ten-fold cross validation (de Groot et al., 2012) was
used to assess model accuracy.
The MaxEnt results were imported into ArcGIS 10.5 for
further analysis and mapping and to examine the possible
suitable habitat changes of the key protected species. The
continuous probability maps were reclassified into five
classes of very high suitability (greater than 70% probability); high suitability (between 50% and 70% probability);
medium suitability (between 30% and 50% probability);
low suitability (between 10% and 30% probability); and
very low suitability (less than 10% of habitat suitability)
(Liu et al., 2017; Rai et al., 2020). Finally, the habitat
changes were also assessed along with altitudinal ranges in
every 250 m interval, and areas were considered to be highly suitable habitat area (i.e., either very high or high suita-

Fig. 2
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bility), which includes all areas with a prediction probability
of more than 50%.

3
3.1

Results
The model evaluation

Figure 2 shows the model evaluation based on the receiver
operating characteristic of the randomly selected training
and test data for the habitat predictions of Himalayan black
bear and common leopard. The diagonal straight black lines
show the level (0.5) that would be expected if the model
performed no better than random. This study found that the
MaxEnt model distinguished between suitable and unsuitable habitat for the selected species because the area under
the curve (AUC) for the training data, as well as the AUC
for the test data, are both greater than the random prediction
line (0.5). The AUC values for the training data are 0.982
and 0.944, while for the test data they are 0.973 and 0.868,
respectively, for Himalayan black bear and common leopard.
The overall accuracy of the model indicates that the distributions provide close estimates for the real-world distribution probabilities.

3.2

Variable contributions

Based on the input bio-climatic and topographic variables,
the most important variables are elevation, Bio 15 (precipitation seasonality) and Bio 16 (precipitation of driest quarter), which contributed 37%, 19% and 17% for Himalayan
black bear distribution modeling, respectively (Table 2 and
Fig. 3). Similarly, the variables of Bio 13 (precipitation of
wettest month), Bio 15 and elevation are highly contributing
variables for common leopard distribution, accounting for
40%, 27% and 14%, respectively (Table 2 and Fig. 3). Other
environmental variables and topography are also important,
but they showed less importance for determining the suitable habitat of the selected species within the study area.
Likewise, some other variables with less than 1% (Table 2)
are far less significant or almost insignificant for determining the habitat of the species.

The AUC of habitat prediction (the training and test data are denoted by red and blue lines, respectively)
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Himalayan black bear

Common leopard

Bio 1

0

×

To obtain alternate predictions of which variables are
most important in the model, a jackknife test was also conducted. In this test, a model is created using each variable in
isolation (Phillips, 2005). The AUC plot (Fig. 3) shows that
Bio 15 is the most effective variable for predicting the distribution of the occurrence data for Himalayan black bear.

Bio 2

0.5

×

3.3

Bio 3

0.7

×

Bio 6

6.6

2.3

Bio 9

0

4.3

Bio 10

×

1.5

Bio 11

0

0

Bio 12

×

1.4

Bio 13

0.5

39.8

Bio 14

0

4.6

Bio 15

19.1

26.8

Bio 16

17.3

1.3

Bio 17

1.3

0.2

Bio 18

0

×

Bio 19

11.5

×

Elevation

36.8

14.3

Slope

0.1

2.6

Aspect

5.7

1.0

This study analyzed the overall habitat changes of the species within the GRB. The habitat of Himalayan black bear is
expected to increase 1035 km2 of newly suitable areas in the
future, particularly in the eastern part (Baseri, Tatopani and
norther from Bhainse) (Fig. 4). About 1046 km2 of the current Himalayan black bear habitat is likely to be decreased
in the future in the eastern (Somdang, Chhekampar) western
(Burtibang and Bobang) and northern (Sangboche, Manang,
Chhekampar) parts, while about 1985 km2 of the current
area is projected to remain stable. Similarly, the habitat of
common leopard is projected to increase 3894 km2 of new
areas in the future, with corresponding areas for this species
of 1257 km2 being lost and 4505 km2 remaining stable (Table 3). Spatially, the decreasing habitat is expected mostly in
the eastern, western and southern parts of the basin. The
habitat is estimated to be extended in the southeastern
(Bhainse), western (Harichaur and northern Sandhikhark),
and north-western (Sangboche) parts of the basin (Fig. 4).
Overall, the net changes are estimated as 1975 km2 and
7142 km2 for the Himalayan black bear and common leopard, respectively (Table 3).

Table 2 Environmental variables and their contributions (%)
to the species habitats
Variables

Species

Note: × – excluded

The potential impact on habitat

Fig. 3 Jackknife AUC of the different environmental variables
Table 3

Habitat status within the GRB

Habitat change

(Unit: km2)

Himalayan black bear

Common leopard

Increase

1035.05

3894.33

Decrease

1045.86

1257.37

Stable

1985.56

4504.81

Net change

1974.75

7141.78

3.3.1 Current and future habitat distribution
The very high suitability category of current habitat of
Himalayan black bear is expected to increase by around 76
km2 in 2050 under the RCP4.5 scenario (Table 4 and Fig. 5).
However, the high suitability area is likely to decrease by 26
km2 at the same time. Overall, the highly suitable area with
more than 50% prediction probability (i.e., both very high
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2500 m and 2750 m along with losses of 43 km2 between
2000 m and 2250 m elevations in the future (Table 5 and
Fig. 6). However, the habitat of the Himalayan black bear is
likely to increase at the elevation ranges from 2250 m to
3000 m and decrease from 1750 m to 2250 m. Likewise,
common leopard habitat is predicted to decrease at elevations between 3000 m and 3250 m, while it is likely to increase at the 1750 m to 2000 m elevation range across the
GRB. In the GRB, the highly probable suitable habitat area
is found at the elevation ranges from 1250 m to 2500 m,
while a greater loss area is predicted within the 2250 m to
3500 m elevation areas of the basin.

4
4.1

Fig. 4 Predicting the changes in the habitat suitability within
the GRB for the Himalayan black bear (a) and common
leopard (b)

and high) is likely to increase by 50 km2 within the GRB.
Likewise, the suitable habitat of common leopard is expected to decrease from 1974 km2 to 1888 km2 (Table 4 and
Fig. 5). However, the highly suitable habitat is likely to increase by 893 km2 in the GRB. Therefore, the overall highly
suitable area is likely to increase by 807 km2 within the
GRB. The medium and low suitability habitats of both species are likely to increase in the future based on climatic and
topographic variables.
Table 4

Current and future predicted habitat in the GRB
(Unit: km2)

Habitat
suitability

Himalayan black bear

Common leopard

Current

Future

Current

Future

Very high

616.38

692.35

1973.62

1888.06

High

1025.76

1000.15

2024.99

2917.51

Medium

1482.78

1565.61

2731.43

4600.69

Low

2459.98

2814.51

7671.67

8603.56

Very low

27222.90

26734.50

18407.00

14797.42

3.3.2 Habitat changes along the altitudinal gradient
This study also mapped the highly suitable habitat with
greater than 50% prediction probability (i.e., very high and
high) based on altitudinal ranges in the future. This analysis
predicts that the habitat of the Himalayan black bear will
experience a large gain of 384 km2 at elevations between

Discussion
MaxEnt modeling for habitat predictions

Different environmental variables can play an important role
in explaining whether or not a species exists in a particular
niche. Thus, if any environmental layer provides a higher
contribution, those variables have a higher impact on habitat
prediction (Rai et al., 2020). Traditionally, species distribution modeling was carried out with presence-absence data,
which made it challenging to project potential habitat; recently, a new approach has been developed to utilize only
presence locations to assess potential habitat changes
(Baldwin, 2009). A study has also utilized this approach
(MaxEnt) to predict the potential habitat distribution of rhinoceros in the Chitwan National Park, Nepal, with climatic
variables and land cover data as input variables (Kafley et
al., 2009). Another study by Liu et al. (2017) also adopted
the MaxEnt model and found receiver operating characteristic (ROC) values between 0.905 and 0.998 for habitat
changes in the Koshi basin. Likewise, a recent study also
used MaxEnt modeling to predict the habitat change of
Himalayan Monal in GRB with an AUC value of 0.920 (Rai
et al., 2020). It is assumed that a higher AUC (closer to 1.0)
implies a high correlation between the true distribution and
environmental variables (Hanley and McNeil, 1982; Merow
et al., 2013). A higher AUC represents better model performance (Bista et al., 2018). An AUC <0.7 means poor model
performance, while 0.7–0.9 means moderately useful model
performance, and >0.9 means excellent model performance
(Pearce and Ferrier, 2000). The AUC of the results of this
study is close to 1, which indicates good model performance.

4.2

The possible impact of climate change and
threats on species habitat

Himalayan black bear: The changes in climate and topography are important environmental variables that can influence the habitat of the wild species (Liu et al., 2017). Climate change as well as human-wildlife conflict and hunting
have been identified as the main causes of the declining
habitat of Himalayan black bear, which is already in
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Fig. 5
Table 5

Current and future predicted habitats of the Himalayan black bear (a, b); and common leopard (c, d)
(Unit: km2)

Predicting habitat changes along the altitudinal gradient
Species and habitat

Elevation (m)

Himalayan black bear (HBB)
Current

Future

Gain and loss
Common leopard (CL)

Current

Future

250–500

0.00

10.71

10.71

500–750

0.62

6.58

5.96

750–1000

HBB

CL

6.35

2.09

0.36

1.56

52.85

30.48

1250–1500

9.98

21.32

165.85

202.38

11.34

36.54

1500–1750

46.89

67.72

220.20

495.32

20.82

275.12

1750–2000

118.19

87.98

268.65

561.90

‒30.21

293.26
110.50

1000–1250

‒4.26
1.20

‒22.37

2000—2250

210.71

167.38

348.68

459.18

‒43.34

2250–2500

282.01

301.02

384.52

394.12

19.01

9.59

2500—2750

331.46

384.46

418.93

411.71

53.00

‒7.23

2750–3000

295.66

331.31

483.83

449.92

35.65

‒33.91

3000—3250

244.07

221.63

612.11

487.54

‒22.43

‒124.57

3250–3500

96.30

86.45

555.95

487.36

‒9.85

‒68.59

3500–3750

6.49

17.91

341.66

448.69

11.41

107.02

3750–4000

0.00

3.43

115.23

286.02

3.43

170.79

4000–4250

0.00

0.30

21.09

67.05

0.30

45.96

4250–4500

1.45

3.61

2.16

4500–4750

0.63

0.00

‒0.63
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Fig. 6 Potential changes in the highly suitable (i.e., very high and high probability) habitat of the species at the different
elevation ranges for Himalayan black bear (a) and common leopard (b)

a declining trend and an approximate 30% reduction of
suitable habitat over the past 10 years has been observed in
Nepal (Jnawali et al., 2011). The habitat losses of Himalayan black bear were estimated not only at the national level,
but a remarkable decreasing trend was also reported at the
global level, i.e., in Vietnam and Bangladesh (Garshelis and
Steinmetz, 2016), India (Sathyakumar, 2001; Garshelis and
Steinmetz, 2016) and China (Liu et al., 2009). Among the
various Asian countries, Vietnam and Bangladesh have reported much loss of Asian black bear, which declined by
approximately more than 60% over the past 30 years
(Garshelis and Steinmetz, 2016). The loss of the geographic
range of Himalayan black bear was estimated to be around
31% over the past 30 years and it would likely decline by
20% to 30% in the future globally (Garshelis and Steinmetz,
2016).
Common leopard: The common leopard is distributed at
elevations below 4400 m and is well-known as a killer of
livestock as well as humans (Aryal and Kreigenhofer, 2009;
Jnawali et al., 2011). Although the total population of common leopard in Nepal is unknown, the estimated figure is
fewer than 1000 across the country (Jnawali et al., 2011).
One study found that due to climate change and an increase
of forest cover in higher elevations, the common leopard
habitat is also increasing, particularly in the Mountain regions of the world (Lovari et al., 2013). Liu et al. (2017)
studied eight protected species, including the leopard in the
Koshi basin. Land cover (vegetation change), Bio 6, Bio 12,
and elevation were found to be the major factors influencing
habitat distribution in the Koshi basin. This present study
also found the elevation is the third-highest factor affecting
common leopard in the GRB. The differences in the factors
affecting distribution could be due to location or the adoption of different sets of bioclimatic variables. In the case of
the south-west Mountain region of China, climate change is
resulting in the increase in common leopard habitat where
there have already been occurrences of common leopards

recorded by camera trap survey at high elevation (3000 to
4500 m) (Buzzard et al., 2017). This study also expected an
increase at the higher elevations (up to 4500 m).
The upward shifting of the habitat could be due to high
habitat and diet overlaps in the lower elevations. One study
found that leopard habitat has been significantly affected by
tiger habitat in Chitwan National Park, Nepal, where the
tiger density was found at 3.84 per 100 km2 versus 3.18 per
100 km2 for leopards with the same prey chital (Axis axis)
within the park (Lamichhane et al., 2018a). The decrease in
prey (chital) resulted in the tiger becoming aggressive towards the leopard, which is also the determinant of the coexistence of tiger and leopard in the wild (Odden et al.,
2010).
It has also been stated that common leopards are ecologically flexible (Lovari et al., 2013) and show a positive relationship with landscape heterogeneity (Acharya et al., 2017).
Our results also show that elevation and slope are not highly
significant factors in shaping the current and future habitat
distributions of common leopards. However, a study has
found that the distribution of common leopard is highly affected by elevation in Golestan National Park (GNP), Iran
(Abdollahi, 2015). This contradiction in the results could be
due to the different climatic conditions between GBR and
GNP. The annual rainfall ranges between 284 mm and 5160
mm in GRB compared to 400 mm in GNP in 2014. Similarly, the temperature is almost the same in the whole year in
GNP (between 10.6 ℃ to 12.0 ℃) while GRB experiences
a wider range between 6.12 ℃ and 32.35 ℃ in a year.
This study found that the precipitation of wettest month
(Bio 13) and precipitation seasonality (Bio 15) are the most
important variables in common leopard habitat. In some
cases, the selection of environmental variables for modeling
also shows different results. The proximate causes, such as
distance from settlement area to habitat, were predicted as
the highest impact factors for common leopard in Shivapuri
Nagarjun National Park, Nepal (Maharjan et al., 2017). In
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contrast, a study in Gorkha district has observed that the
common leopard occupies habitat close to human settlements and frequently visits the settlement area searching for
domestic animals as their prey instead of wild prey species
(Gurung and Dahal, 2017). These dissimilarities in the results are due to the selection of varying methods in the
studies; Maharjan et al. (2017) have used proximate causes
(i.e., settlement, road) and land cover for the MaxEnt model
which resulted in the highest impacted variable being distance from residences to habitat, while the Gurung and Dahal (2017) study was based on a field survey.

4.3

Other factors affecting habitat loss

Despite the various climatic and topographic factors, human-wildlife conflict, illegal trade on wildlife and land cover change are also major determinants of habitat loss for
both species around the world (Sathyakumar, 2001; Aryal
and Kreigenhofer, 2009; Jnawali et al., 2011; Lovari et al.,
2015; Garshelis and Steinmetz, 2016). The habitats of Himalayan black bear have been destructed by reductions of
forest cover by fire and tree felling, especially spectabilis
and pine (Pinus wallichiana) for fuelwood, building construction, fencing, and other local uses in Darchula district,
western Nepal. The local people used to burn fire to produce
good quality grass but the habitats are declining and fragmenting in that district (Phuyal, 2018). During the insurgency period, the hunters were controlled on the one hand,
and the conservation offices/posts were destroyed by Maoist
in many protected areas in Nepal (Stubblefield and Shrestha,
2007). Moreover, both species frequently enter the villages
and agricultural lands due to the availability of livestock
prey as well as to attack humans. The Himalayan black bear
is highly dependent on crops and also damages large cultivated areas, particularly in ACA, Nepal (Bista and Aryal,
2013). In addition to crop-raiding, it also attacks humans
and livestock. During 2017–2018, Himalayan black bear
attacked and caused serious injuries to four people in Chitwan Annapurna area of the GRB (Adhikari et al., 2018).
Similarly, six human injuries and 55 livestock deaths were
recorded due to bear attack in the Manaslu Conservation
Area during 2009–2012 (Chetri, 2013).
Likewise, human-leopard conflict is also a serious cause
of habitat degradation and the decrease in its population
(Shrestha, 2016; Lamichhane et al., 2018b; Ruda et al.,
2018). For example, a total of 424 livestock were killed
during 2007–2016 in CNP (Dhungana et al., 2019), and 53
people were injured all over the country between 2010 and
2014 (Acharya et al., 2017). One study also revealed that
common leopard uses livestock for prey more significantly
than the tiger (Lovari et al., 2015). Not only the livestock,
but humans have also been attacked by leopards in various
parts of the country. A total of five human attacks were recorded, including one fatality and four injuries in the Annapurna Conservation Area (Adhikari et al., 2018). One study
has reported that 51 common leopards died between 2006

and 2013 as the result of human-induced (i.e., poaching,
retaliation, road accident, lethal control) and natural causes
across Nepal (Thapa, 2015). Among the causes, the highest
mortality (around 65% of leopard mortality) was due to
poaching, retaliation, road accidents and lethal control in
Nepal (Thapa, 2015). Also, anthropogenic activities such as
deforestation are serious threats to the remaining habitat of
common leopards in the case of Banpale forest of Pokhara
(Bist et al., 2017).

5

Conclusions

This study assessed the current and future habitat distributions of Himalayan black bear and common leopard, two
vulnerable species of Gandaki River Basin, based on the
species occurrence locations and a set of climatic and topographic variables using MaxEnt modeling. Bio-climatic and
topographic variables were found to be highly influential
variables determining the overall habitat distribution in the
basin. To determine the habitat changes, the elevation
showed the greatest contribution to Himalayan black bear
and variations in precipitation of the wettest month was
highly influential for common leopard. The results of this
study reveal that the habitat area of common leopard is
likely to be decreased due to climate change. Therefore,
efforts should be made to protect the habitat of the common
leopard for the future. Geographically, the eastern region
(Baseri, Tatopani and north from Bhainse) of the basin is the
highly suitable area with a high probability for human-wildlife conflict. However, the habitat is likely to be
lost in the eastern (Somdang, Chhekampar), western (Burtibang and Bobang), and northern parts (Sangboche, Manang,
Chhekampar). The decreasing habitat of common leopard
has been projected, particularly in the eastern, western and
southern parts of the basin. However, the increase is estimated to be extended in southeastern (Bhainse), western
(Harichaur and northern Sandhikhark), and north-western
(Sangboche) parts of the basin. Therefore, these above-named
villages could be important locations where more attention
should be paid, especially concerning the minimization of
human-wildlife conflict, illegal wildlife trade and land cover
(forest cover, grassland and shrubland), to protect the bear
and leopard habitats.
Acknowledgments
This study was financially supported in part by Chinese Academy
of Sciences-The World Academy of Sciences (CAS-TWAS) President’s Fellowship Program for PhD Study. We are thankful to National Trust for Nature Conservation (NTNC), Annapurna Conservation Area Project (ACAP) for providing species data.

References
Abdollahi S. 2015. Modeling habitat requirements of leopard (Panthera
pardus) using genetic algorithm in Golestan National Park. Environmental Resources Research, 3(2): 151‒161.
Acharya B K, Cao C, Xu M, et al. 2018. Present and future of dengue fever
in Nepal: Mapping climatic suitability by ecological niche model. In-

Downloaded From: https://bioone.org/journals/Journal-of-Resources-and-Ecology on 18 Aug 2022
Terms of Use: https://bioone.org/terms-of-use

Raju RAI, et al.: Predicting the Impact of Climate Change on Vulnerable Species in Gandaki River Basin, Central Himalayas
ternational Journal of Environmental Research and Public Health,
15(2): 187. DOI: 10.3390/ijerph15020187.
Acharya K P, Paudel P K, Jnawali S R, et al. 2017. Can forest fragmentation and configuration work as indicators of human-wildlife conflict?
Evidences from human death and injury by wildlife attacks in Nepal.
Ecological Indicators, 80: 74‒83.
Adhikari J N, Bhattarai B P, Thapa T B. 2018. Human-wild mammal conflict in a human dominated midhill landscape: A case study from Panchase area in Chitwan Annapurna landscape, Nepal. Journal of Institute
of Science and Technology, 23(1): 30‒38.
Ali A, Zhou Z, Waseem M, et al. 2017. An assessment of food habits and
altitudinal distribution of the Asiatic black bear (Ursus thibetanus) in
the Western Himalayas, Pakistan. Journal of Natural History, 51(11‒12):
689‒701.
Aryal A, Brunton D, Raubenheimer D. 2014. Impact of climate change on
human-wildlife-ecosystem interactions in the Trans-Himalaya region of
Nepal. Theoretical and Applied Climatology, 115(3): 517‒529.
Aryal A, Kreigenhofer B. 2009. Summer diet composition of the Common
Leopard Panthera pardus (Carnivora: Felidae) in Nepal. Journal of
Threatened Taxa, 1(11): 562‒566.
Baldwin R. 2009. Use of maximum entropy modeling in wildlife research.
Entropy, 11(4): 854‒866.
Bist B S, Ghimire P, Sharma B, et al. 2017. First camera trap record of
common leopard Panthera pardus (Linnaeus, 1758) in Banpale Forest,
Pokhara, Nepal. International Journal of Environmental Sciences &
Natural Resources, 7(3): 1‒2.
Bista M, Panthi S, Weiskopf S R. 2018a. Habitat overlap between Asiatic
black bear Ursus thibetanus and red panda Ailurus fulgens in Himalaya.
PloS One, 13(9): e0203697. DOI: 10.1371/journal.pone.0203697.
Bista R, Aryal A. 2013. Status of the Asiatic black bear Ursus thibetanus in
the southeastern region of the Annapurna Conservation Area, Nepal.
Zoology and Ecology, 23(1): 83‒87.
Buzzard P J, Li X, Bleisch W V. 2017. The status of snow leopards Panthera uncia, and high altitude use by common leopards P. pardus, in
north-west Yunnan, China. Oryx, 51(4): 587‒589.
Chetri M. 2013. Distribution and abundance of Himalayan black bear and
brown bear and human-bear conflict in Manaslu conservation area, Nepal. National Trust for Nature Conservation-Manaslu Conservation Area
Project, Nepal.
Chhetri P K, Gaddis K D, Cairns D M. 2018. Predicting the suitable habitat
of treeline species in the Nepalese Himalayas under climate change.
Mountain Research and Development, 38(2): 153‒163.
de Groot R, Brander L, van der Ploeg S, et al. 2012. Global estimates of the
value of ecosystems and their services in monetary units. Ecosystem
Services, 1(1): 50‒61.
Dhungana R, Lamichhane B R, Savini T, et al. 2019. Livestock depredation
by leopards around Chitwan National Park, Nepal. Mammalian Biology,
96: 7‒13.
Dirnböck T, Essl F, and Rabitsch W. 2011. Disproportional risk for habitat
loss of high-altitude endemic species under climate change. Global
Change Biology, 17(2): 990‒996.
DNPWC. 2017. Tiger and prey base monitoring protocol 2017 (Nepal).
Department of National Parks and Wildlife Conservation (DNPWC),
Ministry of Forests and Soil Conservation, Kathmandu, Nepal.
https://dnpwc.gov.np/media/publication/Tiger-and-prey-base-monitorin
g-protocol.pdf.
DNPWC. 2018. Protected areas of Nepal. Department of National Parks
and Wildlife Conservation (DNPWC), Kathmandu, Nepal.
Farashi A, Erfani M. 2018. Modeling of habitat suitability of Asiatic black
bear (Ursus thibetanus gedrosianus) in Iran in future. Acta Ecologica
Sinica, 38(1): 9‒14.

183

Farrington J D, Li J. 2016. Climate change impacts on snow leopard range.
Snow Leopards. 2016: 85–95. DOI: 10.1016/B978-0-12-802213-9.000
08-0.
Fick S E, Hijmans R J. 2017. WorldClim 2: New 1-km spatial resolution
climate surfaces for global land areas. International Journal of Climatology, 37(12): 4302‒4315.
Forrest J L, Wikramanayake E, Shrestha R, et al. 2012. Conservation and
climate change: Assessing the vulnerability of snow leopard habitat to
treeline shift in the Himalaya. Biological Conservation, 150(1):
129‒135.
Friedmann Y, Traylor-Holzer K. 2008. Leopard (Panthera pardus) case
study. NDF Workshop Case Studies, Mexico. http://www.conabio.go
b.mx/institucion/cooperacion_internacional/TallerNDF/Links-Documen
tos/WG-CS/WG5-Mammals/WG5-CS4%20Pantherapardus/WG5-CS4.
pdf.
Garshelis D, Steinmetz R. 2016. Ursus thibetanus. The IUCN red list of
threatened species, 2016: e.T22824A114252336. http://dx.doi.org/10.23
05/IUCN.UK.2016-3.RLTS.T22824A45034242.en.
Gavashelishvili A, Lukarevskiy V. 2008. Modelling the habitat requirements of leopard Panthera pardus in west and central Asia. Journal of
Applied Ecology, 45(2): 579‒588.
Geary M, Fielding A H, McGowan P J K, et al. 2015. Scenario-led habitat
modelling of land use change impacts on key species. Plos One, 10(11):
e0142477. DOI: 10.1371/journal.pone.0142477.
Grimmett R, Inskipp C, Inskipp T, et al. 2016. Birds of Nepal: Revised
edition. London, UK: Bloomsbury Publishing.
Gurung M, Dahal S. 2017. Living with the leopard in Gorkha District,
Nepal. CATnews, 66: 28‒30.
Hanley J A, McNeil B J. 1982. The meaning and use of the area under a receiver operating characteristic (ROC) curve. Radiology, 143(1): 29‒36.
Hofmeister E, Rogall G M, Wesenberg K, et al. 2010. Climate change and
wildlife health: Direct and indirect effects. US Geological Survey Fact
Sheet, 3017. https://pubs.usgs.gov/fs/2010/3017/pdf/fs2010-3017.pdf.
Hu Z, Zhang Y, Yu H. 2015. Simulation of Stipa purpurea distribution
pattern on Tibetan Plateau based on MaxEnt model and GIS. The Journal of Applied Ecology, 26(2): 505‒511. (in Chinese)
IPCC. 2013. Summary for policymakers. In: Stocker T, Qin D, Plattner G K.
et al. (eds) Climate change 2013: The physical science basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, UK and New York,
USA: Cambridge University Press.
IPCC. 2018. Summary for Policymakers. In: Masson-Delmotte V, Zhai P,
Pörtner H O, et al. (eds.). Global warming of 1.5°C. An IPCC Special
Report on the impacts of global warming of 1.5°C above pre-industrial
levels and related global greenhouse gas emission pathways, in the
context of strengthening the global response to the threat of climate
change, sustainable development, and efforts to eradicate poverty. Geneva, Switzerland: World Meteorological Organization.
Jacobson A P, Gerngross P, Lemeris Jr J R, et al. 2016. Leopard (Panthera
pardus) status, distribution, and the research efforts across its range.
PeerJ, 4: e1974. DOI: 10.7717/peerj.1974.
Jetz W, Wilcove D S, Dobson A P. 2007. Projected impacts of climate and
land-use change on the global diversity of birds. Plos Biology, 5(6):
e157. DOI: 10.1371/journal.pbio.0050157.
Jnawali S, Baral H, Lee S, et al. 2011. The status of Nepal mammals: The
National Red List Series. Kathmandu, Nepal: Department of National
Parks and Wildlife Conservation.
Kafley H, Khadka M, Sharma M. 2009. Habitat evaluation and suitability
modeling of Rhinoceros unicornis in Chitwan National Park, Nepal: A
geospatial approach. XIII World Forestry Congress, Buenos Aires, Argentina, October 18-23.

Downloaded From: https://bioone.org/journals/Journal-of-Resources-and-Ecology on 18 Aug 2022
Terms of Use: https://bioone.org/terms-of-use

184
Karki M, Mool P, Shrestha A. 2009. Climate change and its increasing
impacts in Nepal. The Initiation, 3: 30‒37.
Lamichhane B R, Leirs H, de longh H, et al. 2018a. Do tigers displace
leopards? Student Conference on Conservation Science, March 27–29,
2018. Cambridge, UK.
Lamichhane B R, Persoon G A, Leirs H, et al. 2018b. Spatio-temporal
patterns of attacks on human and economic losses from wildlife in
Chitwan National Park, Nepal. Plos One, 13(4): e0195373. DOI: 10.137
1/journal.pone.0195373.
Liu F, McShea W, Garshelis D, et al. 2009. Spatial distribution as a measure of conservation needs: An example with Asiatic black bears in
south-western China. Diversity and Distributions, 15(4): 649‒659.
Liu L, Zhao Z, Zhang Y, et al. 2017. Using MaxEnt model to predict suitable habitat changes for key protected species in Koshi Basin, Central
Himalayas. Journal of Resources and Ecology, 8(1): 77‒87.
Lovari S, Pokheral C P, Jnawali S, et al. 2015. Coexistence of the tiger and
the common leopard in a prey-rich area: The role of prey partitioning.
Journal of Zoology, 295(2): 122‒131.
Lovari S, Ventimiglia M, Minder I. 2013. Food habits of two leopard species, competition, climate change and upper treeline: A way to the decrease of an endangered species? Ethology Ecology & Evolution, 25(4):
305‒318.
Maharjan B, Shahnawaz D, Thapa T B, et al. 2017. Geo-spatial analysis of
habitat suitability for common leopard (Panthera pardus Linnaeus,
1758) in Shivapuri Nagarjun National Park, Nepal. Environment and
Ecology Research, 5(2): 117‒128.
Mantyka-pringle C S, Martin T G, Rhodes J R. 2012. Interactions between
climate and habitat loss effects on biodiversity: A systematic review and
meta-analysis. Global Change Biology, 18(4): 1239‒1252.
McCarty J P. 2001. Ecological consequences of recent climate change.
Conservation Biology, 15(2): 320‒331.
Meehl G A, Washington W M, Arblaster J M, et al. 2012. Climate system
response to external forcings and climate change projections in CCSM4.
Journal of Climate, 25(11): 3661‒3683.
Menike L M C S, Arachchi K A G P. 2016. Adaptation to climate change by
smallholder farmers in rural communities: Evidence from Sri Lanka.
Procedia Food Science, 6: 288‒292.
Merow C, Smith M J, Silander Jr J A. 2013. A practical guide to MaxEnt
for modeling species’ distributions: What it does, and why inputs and
settings matter. Ecography, 36(10): 1058‒1069.
MoFE (Ministry of Forests and Environment of Nepal). 2018. Nepal’s
Convention on International Trade in Endangered Species (CITES)
Wild Fauna and Flora. Kathmandu, Nepal: Government of Nepal, Ministry of Forests and Environment, Department of National Park and
Conservation.
MoPE (Ministry of Population and Environment of Nepal). 2018. Weather
summary of Nepal Year—2014. Kathmandu, Nepal: Government of
Nepal, Ministry of Population and Environment, Department of Hydrology and Meteorology.
Nie Y, Sheng Y W, Liu Q, et al. 2017. A regional-scale assessment of Himalayan glacial lake changes using satellite observations from 1990 to
2015. Remote Sensing of Environment, 189: 1‒13.
Odden M, Wegge P, Fredriksen T. 2010. Do tigers displace leopards? If so,
why? Ecological Research, 25(4): 875‒881.
Panthi S, Aryal A, Coogan S C P. 2019. Diet and macronutrient niche of
Asiatic black bear (Ursus thibetanus) in two regions of Nepal during
summer and autumn. Ecology Evolution, 9: 3717‒3727.
Pearce J, Ferrier S. 2000. Evaluating the predictive performance of habitat
models developed using logistic regression. Ecological Modelling,
133(3): 225‒245.
Phillips S J. 2005. A brief tutorial on MaxEnt. AT & T Research, 3:

Journal of Resources and Ecology Vol.13 No.2, 2022
107‒135.
Phillips S J, Anderson R P, Schapire R E. 2006. Maximum entropy modeling of species geographic distributions. Ecological Modelling, 190(3-4):
231‒259.
Phillips S J, Dudík M, Schapire R E. 2004. A maximum entropy approach
to species distribution modeling. Proceedings of the 21st International
Conference on Machine Learning, July 4-8, 2004. Banff, Canada.
Phuyal S. 2018. Habitat preference, threats and distribution of Himalayan
black bear (Ursus thibeatanus). Darchula, Nepal: Apee Nampa Conservation Area Office.
Pielke R A, Marland G, Betts R A, et al. 2002. The influence of land-use
change and landscape dynamics on the climate system: Relevance to
climate-change policy beyond the radiative effect of greenhouse gases.
Philosophical Transactions of the Royal Society of London A: Mathematical, Physical and Engineering Sciences, 360(1797): 1705‒1719.
Pimm S L. 2008. Biodiversity: climate change or habitat loss—Which will
kill more species? Current Biology, 18(3): R117‒R119.
Pimm S L. 2009. Climate disruption and biodiversity. Current Biology,
19(14): R595‒R601.
Rai R, Paudel B, Gu C, et al. 2020. Change in the distribution of national
bird (Himalayan monal) habitat in Gandaki River Basin, central Himalayas. Journal of Resources and Ecology, 11(2): 223‒231.
Rai R, Zhang Y, Paudel B, et al. 2018. Land use and land cover dynamics
and assessing the ecosystem service values in the trans-boundary Gandaki River Basin, central Himalayas. Sustainability, 10(9): 22. DOI:
10.3390/su10093052.
Ruda A, Kolejka J, Silwal T. 2018. GIS-assisted prediction and risk zonation of wildlife attacks in the Chitwan National Park in Nepal. ISPRS
International Journal of Geo-Information, 7(9): 369.
Sathyakumar S. 2001. Status and management of Asiatic black bear and
Himalayan brown bear in India. Ursus, 12: 21‒29.
Shrestha A B, Aryal R. 2011. Climate change in Nepal and its impact on
Himalayan glaciers. Regional Environmental Change, 11(1): 65‒77.
Shrestha A B, Wake C P, Mayewski P A, et al. 1999. Maximum temperature
trends in the Himalaya and its vicinity: An analysis based on temperature records from Nepal for the period 1971–1994. Journal of Climate,
12(9): 2775‒2786.
Shrestha B. 2016. Faunal (mammal) diversity and human wildlife conflict
in community forests: A case study from Tanahun and Kavrepalanchok
districts, Nepal. National Workshop on Mainstreaming Biodiversity and
Ecosystem Services in Community Forestry in Nepal Kathmandu, Nepal.
Shrestha U B, Bawa K S. 2014. Impact of climate change on potential
distribution of Chinese caterpillar fungus (Ophiocordyceps sinensis) in
Nepal Himalaya. Plos One, 9(9): e106405. DOI: 10.1371/journal.pone.0
106405.
Sodhi N S, Koh L P, Brook B W, et al. 2004. Southeast Asian biodiversity:
An impending disaster. Trends in Ecology & Evolution, 19(12): 654‒660.
Sodhi N S, Posa M R C, Lee T M, et al. 2010. The state and conservation
of Southeast Asian biodiversity. Biodiversity and Conservation, 19(2):
317‒328.
Stapleton C. 1994. Bamboos of Nepal: An illustrated guide. London, UK:
The Royal Botanic Gardens, Kew.
Stubblefield C H, Shrestha M. 2007. Status of Asiatic black bears in protected areas of Nepal and the effects of political turmoil. Ursus, 18(1):
101‒108.
Sun H, Zheng D, Yao T, et al. 2012. Protection and construction of the
national ecological security shelter zone on Tibetan Plateau. Acta Geographica Sinica, 67: 3‒12. (in Chinese)
Thakuri S, Dahal S, Shrestha D, et al. 2019. Elevation-dependent warming
of maximum air temperature in Nepal during 1976–2015. Atmospheric
Research, 228: 261‒269.

Downloaded From: https://bioone.org/journals/Journal-of-Resources-and-Ecology on 18 Aug 2022
Terms of Use: https://bioone.org/terms-of-use

Raju RAI, et al.: Predicting the Impact of Climate Change on Vulnerable Species in Gandaki River Basin, Central Himalayas
Thapa T B. 2015. Human caused mortality in the leopard (Panthera pardus)
population. Journal of Institute of Science and Technology, 19(1):
155‒159.
Thuiller W. 2003. BIOMOD-optimizing predictions of species distributions
and projecting potential future shifts under global change. Global
Change Biology, 9(10): 1353‒1362.
Travis J M J. 2003. Climate change and habitat destruction: A deadly anthropogenic cocktail. Proceedings of the Royal Society of London. Se-

185

ries B: Biological Sciences, 270(1514): 467‒473.
Yu H B, Zhang Y L, Wang Z F, et al. 2017. Diverse range dynamics and
dispersal routes of plants on the Tibetan Plateau during the late Quaternary. Plos One, 12(5): e0177101. DOI: 10.1371/journal.pone.0177101.
Zhang J P, Zhang Y L, Liu L S, et al. 2011. Predicting potential distribution
of Tibetan spruce (Picea smithiana) in Qomolangma (Mount Everest)
National Nature Preserve using maximum entropy niche-based model.
Chinese Geographical Science, 21(4): 417‒426.

气候变化对喜马拉雅中部甘达基河流域濒危物种的影响预测
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摘

要：甘达基河流域位于喜马拉雅山脉中部，是众多濒危野生物种的重要栖息地。然而气候变化使该流域的生态环境变

得愈发脆弱。本研究利用最大熵物种分布模型（MaxEnt）评估气候变化对喜马拉雅黑熊（Ursus thibetanus laniger）和印度花豹
（Panthera pardus fusca）等濒危物种空间分布变化的潜在影响。研究基于物种出没地点、生物气候和地形（海拔、坡度和坡向）
等数据拟合模拟并预测物种在目前与未来的潜在分布情况。研究结果显示，目前喜马拉雅黑熊的高度适宜区面积约为 1642 km2，
占流域面积的 5.01%，预计至 2050 年，其高度适宜区面积在甘达基河流域内将会增加约 51 km2；印度花豹的高度适宜区面积约
为 3999 km2，占流域面积的 12.19%，预计至 2050 年可能会增加到 4806 km2。喜马拉雅黑熊的栖息地面积可能会在研究区域的东
部（伯塞里、塔托潘尼和班塞以北）增加，而在东部（颂当、切坎帕）、西部（布尔提邦和波邦）和北部（桑波切、玛南、切坎
帕）减少；印度花豹的栖息地面积则将在研究区域东南部（班塞）、西部部分地区（赫里乔尔和桑迪哈克北部）和西北部（桑波
切）增加，而在研究区域的东部、南部和其他西部地区减少。研究同时指出，海拔、Bio 15（季节性降水变化）和 Bio 16（最湿
润季度降水量）等环境因素对喜马拉雅黑熊的栖息地变化影响较大，而 Bio 13（最湿润月降水量）和 Bio 15（季节性降水变化）
对印度花豹的栖息地变化影响较大。总之，这两个物种的栖息地在不同海拔下均会受到气候变化的影响，需要加强对该区域内濒
危物种的保护力度。
关键词：气候变化；物种栖息地变化；喜马拉雅黑熊（Ursus thibetanus laniger）；印度花豹（Panthera pardus fusca）；甘
达基河流域
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