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Abstract: Natural wild habitats are either destroyed or shrunk due to human interventions. Therefore,
habitat evaluation is crucial for managing wildlife populations and designing robust conservation
strategies. Species presence data and geographic information system (GIS) coupled with ground-
breaking powerful statistical techniques have made such assessments possible. We used maximum
entropy modeling (MaxEnt) to identify suitable habitats for Kashmir markhor (Capra falconeri cash-
meriensis) in Malakand Division, Pakistan. MaxEnt was applied to 169 markhor sighting points and
topographical and current bioclimatic variables. Results showed that the accuracy of the MaxEnt
model was good (AUC = 0.889). Of the total area studied (8407.09 km?), 22.35% (1878.75 km?) was
highly suitable and 32.63% (2743.53 km?) was moderately suitable for markhor. Protected areas
including Chitral Gol National Park (CGNP), Tooshi-Sasha Conservancy (TSC), and Gehrait-Golain
Conservancy (GGC) and their buffers were included in highly suitable habitats. MaxEnt also pre-
dicted highly suitable habitats in Kumrat and Kalam valleys. We believe that moderately suitable
habitats identified in Jinjeret, Ursoon, Birir valley, and Bumborait valley have the potential to host
markhor populations. Based on the results obtained in the current study, we strongly recommend
expanding the current protected areas (PAs) network in the study area and strengthening it by
inclusive conservation management with local communities.

Keywords: habitat modeling; MaxEnt; Capra falconeri cashmeriensis; Kumrat and Kalam valleys;
protected areas network; Malakand Divison; Pakistan

1. Introduction

Wildlife habitats are diverse natural environments, each with particular species com-
pleting their life cycles in these habitats [1]. Habitats supply resources for species persistence
and represent a decisive factor for survival and successful propagation [2,3]. However,
human activities have primarily destroyed the natural wild habitats, bringing many species
to the verge of extinction. Such devastating impacts of human activities have alarmed
biologists into safeguarding the threatened species by preserving their habitats [4,5]. There-
fore, studying habitats is indispensable for wildlife management and protection, offering a
scientific rationale for improving conservation policies [6-8].

A measure of the ability of a particular environment to sustain a species is the habi-
tat suitability index (HSI), an important indicator reflecting the quality of habitat [9,10].
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Ecological models such as habitat suitability models (HSMs) allow the opportunity to
investigate wildlife relationships with habitats and identify potential habitats for endan-
gered species [11,12]. The HSM helps to evaluate a particular habitat and defines suitable
alternative habitats for conservational policies [13]. HSMs are increasingly being used
to map the potential habitats for many species [14]. Several environmental variables are
associated with species distribution, abundance, and habitat selection, thus ultimately
contributing to species survival [15]. HSMs assimilate species occurrence data with climatic
and other environmental variables to estimate species-specific environmental suitability
across a given spatial extent [14,16,17].

Among the ecological niche models (ENMs), maximum entropy (MaxEnt) is widely
used in habitat suitability modeling due to its accurate prediction capabilities in simu-
lations and additional descriptive properties [1,18]. MaxEnt estimates the probability of
the presence of a species based on occurrence records and randomly generates contextual
locations by finding the maximum entropy distribution [19,20]. These models can use
either presence/absence data or presence-only data [14]. There is widespread use of species
presence/absence data in biological surveys and wildlife management [21]. Yet, species ab-
sence data are either unavailable or believed to be strenuous to interpret [22]. Nevertheless,
species distribution models (SDMs) trained on presence-only data are extensively used
in ecological research and designing conservation strategies [18,23]. Highly compatible
even with a small amount of presence-only datasets, MaxEnt has surpassed classical mod-
eling approaches such as Bioclimatic Prediction and Modeling System (BIOCLIM), Data-
Interpolating Variational Analysis (DIVA), Generalized Additive Model (GAM), General-
ized Linear Model (GLM), and Genetic Algorithm for Rule-set Prediction (GARP) [1,24-28].

Markhor (Capra falconeri) is a spectacular true wild goat belonging to family Bovidae
and subfamily Caprinae [29]. Pakistan harbors four sub-species of markhor, including Astor
markhor (Capra falconeri falconeri) endemic to Gilgit-Baltistan (GB) Province [30], Kashmir
or Pir Panjal markhor (Capra falconeri cashmiriensis) endemic to the northern areas of Khyber
Pakhtunkhwa (KP) Province, Kohistan, Kashmir, GB Province. The third subspecies, Kabul
Markhor (Capra falconeri megaceros), is endemic to Baluchistan Province and Koh Safed
range of Khyber KP Province. The fourth sub-species, i.e., Suleiman Markhor (Capra
falconeri jerdoni), is endemic to Baluchistan Province [29]. Globally, markhor is listed as
Near Threatened [31] and endangered in Pakistan [32]. The subspecies mentioned above
face many anthropogenic pressures akin to overgrazing leading to habitat degradation
and habitat fragmentation due to infrastructure projects coupled with climate change [33].
These factors are proving fatal to the survival of this magnificent species in the long term.

In Pakistan, most of the studies conducted on mountain ungulates are based on pop-
ulation dynamics for one specific reason—to monitor community-based trophy-hunting
programs [34]. Though the inception of trophy hunting programs has helped in reviving
the populations of ungulates, involving the local communities safeguarding the species
by putting a stop to poaching, yet, many mountain ungulates of Pakistan are still listed
as locally endangered [34]. It is believed that habitat destruction has played a signif-
icant role in the extinction of these ungulates from most of their ancestral ranges in
Pakistan [13,35,36]. Information about the suitable habitats of mountain ungulates in Pak-
istan is scarce. Considering the habitat potentials of northern areas of KP Province Pak-
istan [33], we predicted that vast suitable habitats for Kashmir markhor exist outside the
protected areas (PAs). Hence, the first study objective was to assess and evaluate potential
habitats for Kashmir markhor, and the second, to suggest recommendations for possible
expansion and better management of PAs network in the study area. We assume that this
study will provide baseline information about habitat suitability for Kashmir markhor
and serve as a gateway for further research on other sub-species of markhor and other
mountain ungulates across the globe.
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2. Materials and Methods
2.1. Study Area

Our study area encompassed 8407 km? and was located in three districts of Malakand
Division (35°29'59.99” N 72°00'0.00” E) of KP Province Pakistan. These districts include
District Chitral-lower, District Dir-upper, and District Swat (Figure 1). In District Swat,
markhor is found in Kalam and Mankiyal valley in the Upper-Swat bounded by Chitral
District and GB Province in the north, Indus Kohistan in the east, Bahrain Kohistan in
the south, and Dir District in the west. Kumrat valley in District Dir-upper has remained
part of the historical range of markhor in the region, bounded by Kalam valley in the east
and Shishikoh valley of Chitral in the north-west. In District Chitral-lower, prime areas
harboring markhor are the PAs, including the Chitral Gol National Park (CGNP) and two
conservancies viz. Tooshi-Sasha Conservancy (TSC) and Gehraite-Golain Conservancy
(GGC). CGNP encompasses an area of 77.5 km? and is situated at a distance of 3 km west
of Chitral town. TSC comprises an area of 200 km? and is located to the northeast of
Chitral town on either side of Garam Chashma stream, a tributary of River Chitral. GGC
encompasses an area of 950 km?, extending from south to northeast of Chitral town along
the left bank of River Chitral.
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Figure 1. Study area map, depicting markhor recorded presence in the current survey.

2.1.1. Climate

The study area lies in the foothills of the greater Hindukush Mountains, where the
winters are very cool, with temperatures ranging from 11.22 °C to —2.39 °C. The summer
season is considered pleasant, with an average temperature of 28 °C. During winter, the
climate is harsh (November-February), with frequent snowfall.
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2.1.2. Flora and Fauna

The study areas consist of typical dry temperate vegetation predominantly consisting
of Quercus ilex (Holly oak), Cedrus deodara (Deodar), Pistacia integerrima (Crab’s claw), Pinus
gerardiana (Chilgoza pine), Juniperus macropoda (Pashtun juniper), Amygdalus bucharica (Ko-
rsh), Artemisia maritima (Wormwood), Salix iliensis (Willow tree), Rubus anatolicus (Bramble),
Origanum vulgare (Oregano), and grasses [37,38]. The dominant mammalian fauna of the
region includes Panthera uncia (Snow leopard), Panthera pardus (Common leopard), Canis
lupus (Gray wolf), Lynx lynx isabellinus (Himalayan lynx), Canis aureus (Golden jackal),
Vulpes vulpes (Red fox), Ursus thibetanus (Asiatic black bear), and Lepus capensis (Cape hare).
Notable bird species include Alectoris chukar (Chukar partridge), Lophophorus impejanus
(Monal pheasant), Tetraogallus himalayensis (Snow cock), Aquila chrysaetos (Golden eagle),
Columba livia (Rock pigeon), etc. [39].

2.2. Study Methods
2.2.1. Species Presence Data

We conducted field surveys from 15 October 2021 to 30 November 2021. Based on
watersheds, each central valley in the study area was subdivided into smaller sub-valleys
for coverage and intensive survey. High-resolution maps (A3-sized base maps of ASTER
satellite data of scale 1:50,000) were developed for each study site to facilitate data collection
and navigation in the field [34,40]. A team of two observers walked on a line transect of
variable length in each valley. The topography of the study area does not allow uniform
transect length as most of the site consists of steep rocky terrain and narrow gorges [41,42].
On average, 1-2, mostly successive line transects were placed in each sub-valley based on
the width of the valley [43]. Binoculars (10 x 50, Bushnell) were used to scan the area from
different vantage points [34,44]. Each herd seen was ranked as a single unit [34,40]. After
seeing markhor (individuals or herds) or fecal samples, presence points were recorded with
a global positioning system (GPS) (GPSMAP 62s Garmin) as well as on the paper map. In
areas where observations were made from a long distance to the transect or vintage point,
a range finder (6 x 24, Prime 1700 Laser Bushnell) was used to measure the distance to
precisely mark locations on the paper map. Given the gregarious nature of most ungulate
species such as markhor, it is convenient to locate and obtain nearly exact coordinates from
paper maps [45].

2.2.2. Data analysis

The data obtained in the current study were processed and analyzed using MaxEnt
3.3.3k [46] to predict suitable habitats for markhor in the study area. Based on the eco-
logical niche theory, the MaxEnt model relies on information from species presence data
to investigate the possible distribution of a target species within a study area [18]. The
MaxEnt software was developed to assess and evaluate suitable habitats for target species
with good predictive power [20] and is amongst the most advanced and promising tools for
SDMs [47,48]. Due to its higher predictive accuracy, MaxEnt has surpassed other methods
used for the purposes mentioned above [24,49].

2.2.3. Selection of Presence Data and Environmental Variables

All environmental layers were transformed to the same size and resolution, i.e.,
1 x 1 km. Markhor occurrence points were converted into a vector file in ArcGIS 10.8.
Markhor presence records were screened in ArcGIS 10.8 (SDM toolbox) for spatial auto-
correlation using average nearest neighbor analysis to remove spatially correlated data
points (located within 5 km) and to guarantee independence [50-52]. After this selection,
48 unrelated locations were used to produce markhor’s current habitat suitability models
in the study area.

We initially considered a set of 28 environmental variables (Table 1). To remove the
highly correlated variables from the analysis, we used Pearson Correlation Matrix [53] in
program R (version 3.6.2) [54]. After this analysis, 19 variables were retained (r < 0.7) [14,53,55],
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including 12 bioclimatic variables (WorldClim version 2.1 climate data) (biol, bio2, bio3,
bio4, bio6, bio8, bioll, biol2, biol4, biol5, biol6, and biol7), rivers, roads, settlements,
ruggedness, slope, soil, NDVI, and global land cover (glc2000). Bioclimatic variables were
derived from the mean temperature, minimum temperature, maximum temperature, and
precipitation to generate more biologically meaningful variables, often used in ecological
niche modeling [14].

Table 1. List of environmental variables used in the current study [14,55].

Environmental Variables

Interpretation

Source

biol Annual mean temperature
Mean diurnal range (mean of
bio2 monthly [max temp-min
temp])
. Isothermality (Bio2/Bio7)
bio3 (x100)
biod Temperature seasonality
(standard deviation x100)
bio5 Maximum temperature of
warmest month
. Minimum temperature of
bio6 coldest month
. Temperature annual range
bio7 (Bio5-Bio6)
bio8 Mean temperature of wettest
quarter
bio9 Mean temperature of driest https:/ /www.worldclim.org/
quarter data/worldclim21.html (accessed
biol0 Mean temperature of warmest on 4 December 2021)
quarter
bioll Mean temperature of coldest
quarter
biol2 Annual precipitation
biol3 Precipitation of wettest month
biol4 Precipitation of driest month
. Precipitation seasonality
biol5 (coefficient of variation)
biol6 Precipitation of wettest
quarter
biol7 Precipitation of driest quarter
biol8 Precipitation of warmest
quarter
biol9 Precipitation of coldest
quarter
NASA
glc2000 Global landcover 2000 (http://modis-land.gsfc.nasa.

gov/vihtml) (accessed on 4
December 2021)
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Table 1. Cont.

Environmental Variables Interpretation Source

Created from SRTM 90m DEM by
the Center for Nature and Society,

ruggedness Vector ruggedness measure Peking University using the
Terrain Ruggedness (VRM) Tool
altitude Elevation above sea level (m) NASA (SRTM)

slope Slope of the area Created from SRTM 90m DEM
river Density of rivers (m) Line Density tool in ArcGIS 10.8

road Density of roads (m) Line Density tool in ArcGIS 10.8
settlement Density of settlements (m) Point Density tool in ArcGIS 10.8

soil Digital soil map of the world FAO, 2003

NDVI (MODIS) Normalized Difference http:// edcsnsllj ?Cc;fusgs gov/glcc

Vegetation Index (accessed on 4 December 2021)

2.2.4. Model Simulation and Evaluation

Markhor presence data and selected variables were modified to the format required
for MaxEnt software (v 3.3.3k) [20]. We used a random seed option and kept 5% of data
for random tests—five replicates were run with typeset as a sub-sample. The rest of
the settings were kept as default, including a maximum of 10,000 randomly generated
background points, 500 maximum iterations with a convergence threshold of 0.00001, and
a regularization multiplier of 1. We used a jackknife estimator to determine each variable’s
importance and contribution [18,56]. Sensitivity analysis was performed for each variable
with a logistic output format. The success of MaxEnt model was verified by receiver
operating characteristic (ROC) values [56,57]: rejected with a ROC value 0.5-0.6; poor with
0.6-0.7; average with 0.7-0.8; good with 0.8-0.9; and excellent with 0.9-1.0. The output
results were used to reclassify the suitable markhor habitat distribution. The ASCII outputs
format file was imported into ArcGIS 10.8 for transformation into raster data to generate a
habitat suitability map. Raster data were reclassified to calculate the area [58].

3. Results
3.1. Species Presence Records

A total of 169 confirmed markhor presence locations were recorded in the current
study (Figure 1).

3.2. MaxEnt Prediction Evaluation

The current study obtained a valid and valuable model based on the values of the area
under curve (AUC). The ROC results (Figure 2) showed an average AUC value of 0.889,
indicating that the predictions obtained from the MaxEnt model were good. The standard
deviation was 0.092.

3.3. Factors Determining Habitat Suitability

Global land cover (glc2000) contributed 35.4% in habitat selection of markhor (Figure 3,
Table 2). Other variables with the highest contribution in habitat selection of markhor were
biol5 (15%), bio6 (12.7%), rivers (10.3%), bio2 (4.3%), bio11l (4.2%), and bio12 (4%). The least
contributing variable were ruggedness (0.4%), bio4 (0.5%), soil (1%), biol7 (1.1%), biol4
(1.2%), bio8 (1.4%), biol6 (2%), road (2.3%), and settlements (2.65%). Two variables, biol
and slope, did not contribute to markhor’s habitat prediction in our study area (Figure 3,
Table 2).
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Figure 2. ROC verification of distribution of suitable markhor habitat in the current study area.

Table 2. Variables’ contribution in determining suitable habitats for markhor in the study area.

S.NO Variable Percent Contribution Permutation Importance
1 glc2000 354 41
2 biol5 15 4.8
3 bio6 12.7 0
4 rivers 10.3 13.8
5 bio2 4.3 9.9
6 bioll 42 36.1
7 biol2 4 51
8 settlements 2.6 14
9 road 2.3 41

10 biol6 2 2.5
11 bio3 1.6 3.6
12 bio8 1.4 0.8
13 biol4 1.2 2.5
14 biol7 1.1 8.7
15 soil 1 0.3
16 bio4 0.5 1.1
17 ruggedness 04 0.4
18 biol 0 0.7
19 slope 0 0
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Figure 3. Response curves of predictors for markkhor occurrence in the study area. Note: The

red curves show the mean response of the five replicate MaxEnt runs, while the mean +/— one
standard deviation is shown by blue (two shades for categorical variables). Predicted value of habitat
suitibality (logistic output) is shown on the Y-axis while the range of the environmental predictors is
shown on the X-axis.



Sustainability 2022, 14, 1544

9of 15

Results of the jackknife test showed that the environmental variable with the highest
gain, when used in isolation, was bio6, which appeared to have the most useful information
by itself. The environmental variable that decreased the gain the most when omitted
was rivers. Therefore, it seems rivers held the most information not present in the other
variables. Values shown are averages over replicate runs (Figure 4).

Jackknife of regularized training gain for Markhor

[ [ | [ Without variable =
bio1 [~ I S | With only variable =
bio11 [ I e | VI 2llvaniables =
bio12 [ I |
bio14 [ I
bio15 [~ I
bio16 [~ I
bio17 [ |
= i [ -
= o2 [~
S bio3 [ I ]
=]
£ -4 [~
£ bioe [~ I 1
s
= biog [~ I
&
1c2000 [~ I 1
rivee - [~ N, 1
road [ I |
rugge dnes:s [~ N |
setiements [ I |
slope [ I |
soil [~ I
e ——

0.00 005 010 015 020 025 030 0.35 040 045 050 055 060
regularized training gain

Figure 4. Jackknife test of regularized training gain of variables tested in the markhor habitat
suitability model.

3.4. Distribution of Markhor-Suitable Habitat

The habitat suitability map generated through MaxEnt modeling showed that highly
suitable habitats of markhor are present in the center of the study area, i.e., CGNP, buffer of
CGNP, TSC, and GGC. These areas extend on either side of Lotkoh River and Chitral River
in the north and connect to Kumrat and Kalam Mankiyal Valleys through the Shishikoh
valley east of Chitral. MaxEnt model also predicted small patches of highly suitable
habitats of markhor in the Kumrat Valley and Kalam valley of district Dir-upper and Swat,
respectively (Figure 5). Most of the moderately suitable habitats of markhor are located in
the north-western, south-western, and eastern parts of the study area. Unsuitable habitats
are restricted to northern and eastern parts of the study area (Figure 5).

3.5. Suitable Area

The habitats were classified into three categories based on the thresholds: unsuitable
(0.00-0.19), moderately suitable (0.20-0.45), and highly suitable (0.46-0.92) areas. Results
obtained by processing the reclassified map showed that the unsuitable habitats in our
study area constituted 3784.81 km? (45.02%), moderately suitable habitat 2743.53 km?
(32.63%), and highly suitable habitat was 1878.75 km? (22.35%).
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Figure 5. Distribution of habitats with different degrees of suitability in the study area based on
MaxEnt modeling using presence-only data.

4. Discussion

The bringing out of-and ensuing advances in geographic information systems (GISs)
has made it possible to obtain a wide variety of spatial and temporal datasets to better
comprehend species distribution and the environmental variables that influence these
distributions at multiple scales [59]. In the current study, we almost covered the entire
known distribution range of Kashmir markhor in Malakand Division to predict the suitable
habitat that can assist in the conservation of this endangered species by upgrading and
strengthening the PAs network.

Our results indicated that habitat suitability was influenced by several environmental
variables, of which glc2000 was the most influential (35.4%), followed by bio15 (15%) and
bio6 (12.7%). Glc2000 is a primary input dataset and categorical variable that includes
and defines a variety of land covers viz. forests, water bodies, shrubs, herbaceous and
sparse vegetation, etc. [18,60]. Markhor is a mixed feeder with higher propensities towards
grazing [61]. It is believed that large herbivores” habitat selection is primarily determined
by the greenness of the area [62]. Our study area harbors an array of plant species, including
trees, shrubs, herbs, and grasses [38]. Our results showed that the level 13 (herbaceous
cover (closed-open)) and level 14 (sparse herbaceous or sparse shrub cover) of glc2000 had
the highest significant contribution (Figure 3). However, there were no distinct features
of any significant difference between the other levels of glc200 viz. level two (tree cover,
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broadleaved, deciduous, closed), level four (tree cover, needle-leaved, evergreen), level 12
(shrub cover, closed-open, deciduous), level 16 (cultivated and managed areas), level 19
(bare area), and level 21 (snow and ice) (Figure 3). The contribution of glc2000 in markhor
habitat selection indicates the strong tendencies of markhor towards the greenness in the
study area. Considering the contribution of glc2000 in markhor habitat selection and results
reported by Ashraf et al. [38], we believe that markhor prefers to inhabit habitat patches
with a clumpy and diverse variety of herbs and shrubs, avoiding forests.

Our results further indicated that biol5 (precipitation seasonality) and bio6 (minimum
temperature of the coldest month) at the regional level strongly influence suitable markhor
habitats. Thus, we assume that climate change will probably affect the markhor habitat
selection [63]. Global warming has affected the climate of Pakistan to a large extent. In
such cases, climate variability can potentially affect both forage quantity and quality [64],
with ultimate impacts on population survival. Thus, it is vital to understand the direct and
indirect effects of climate change on mountain ungulates for their robust management and
conservation at regional levels.

Our study reports the use of the MaxEnt model to assess habitat suitability of markhor
for the very first time and, according to the AUC values, results were promising [18]. We
showed that the highly suitable habitat of markhor was mainly located within PAs and
their buffer zones (Figure 5). These PAs include the CGNP and the two conservancies, TSC
and GGC. The habitats in these areas are largely protected from human activities by the
government in coordination with the local communities [33], thereby providing a refuge
of 1878.75 km? for the markhor. Our model further revealed that small patches of highly
suitable habitat exist in Dir and Swat districts, south of Chitral district. Habitat potential of
the areas mentioned above meets markhor needs [65].

Based on the results obtained in the current study, we assume that moderately suitable
areas (2743.53 km?) can provide promising excursion and survival opportunities to markhor.
These areas include south-western parts of Chitral-lower, including Jinjeret, Ursoon, Birir
valley, some parts of Bumborait valley. All these areas are along the Pak-Afghan border
or close to the border. In Kalam and Kumrat, areas below 3700 m a.s.l are predicted to
be moderate to highly suitable. Comparing the field observation map (Figure 1) with the
habitat suitability map (Figure 5) showed that the species has not been frequently recorded
where the moderately suitable habitats have been predicted. The plausible explanation for
this fact is the concentration of animals towards highly suitable areas [66], with sufficient
resources. In our study area, markhor avoided some highly and moderately suitable areas,
where human disturbance in the form of roads and settlements is either absent or very low
(Supplementary Materials). A possible reason for this trend could be the weak protection
levels against poaching, which may have drastically decreased markhor numbers in these
areas. Schaller and Khan [67] once reported a higher presence of markhor with huge
numbers (n = 1500) in the aforementioned habitats (Kalam, Swat Division) in comparison
with the current core zones of markhor, i.e., CGNP and its buffers (n = 500-600). However,
in recent decades, the shift in markhor presences reported in the current study and numbers
(n =2700) [33] in protected areas clearly indicates that strong protection levels have played
a key role in increasing and stabilizing markhor populations. Areas with higher elevations
(=4000 m a.s.]) were predicted as unsuitable habitats in the current study. These results
follow markhor principal elevational range use in our study area, i.e., from 2700 m a.s.1 to
4000 m a.s.1 [65].

Other studies conducted on the distribution of all sub-species of markhor including
Kashmir markhor revealed that these mountain goats avoid high elevation areas with deep
snow cover. Moreover, they prefer to inhabit comparatively dry areas. In addition, all sub-
species of markhor avoid thick forests and prefer to inhabit grasslands [29,34,67,68]. The results
obtained in the current study are in agreement with the findings of aforementioned studies.
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4.1. Model Constraints

Our model has only one constraint, i.e., a single-season (winter) survey. Due to low
winter temperature and snow cover, mountain ungulates reside on lower elevations and
move back to higher elevations in spring and summer [69]. Therefore, in the current
study, whether the presence of species was recorded in higher elevations summer zones is
not sure.

4.2. Management Implications

PAs are considered foundations for biodiversity conservation, and the selection of
these sites, their designs, and management is based on scientific knowledge [70]. Expanding
the PAs networks on regional and international levels is essential to better safeguard the
biodiversity. Yet, challenges exist in expanding the PAs network effectively, particularly
in identifying priority landscapes for the threatened species [71]. Our study presents the
HSM for Kashmir markhor to determine the priority landscapes for the target species and
to better guide PAs’ expansion and strengthening for robust conservation in the study area.

5. Conclusions

Using MaxEnt, we identified priority landscapes for Kashmir markhor in the study
area. Presence-only data obtained in the current study revealed that Kashmir markhor
populations inhabit primarily the PAs, avoiding several highly and moderately suitable
habitats outside the PAs. We strongly assume that the primary reason for avoiding these
habitats are the weak protection levels. Inclusive conservation and management strategies
operating in TSC and GGC seem promising in protecting the species and its habitat, which
is evident from the field observations in the current study. Therefore, based on the results
obtained in the current study, we strongly recommend expanding the existing PAs network
by merging the aforementioned identified suitable habitats and strengthening the PAs
management with inclusive management strategies by involving local communities for
robust conservation of markhor. In addition, we also recommend assessing the impacts of
predators and livestock on the distribution patterns of markhor, which we believe would
be very promising for species conservation and better management of PAs networks.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su14031544 /51, Figure S1: Intensity of Settlements and roads in
the study Area.
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