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 This research assessed the distribution of leopard to predict the habitat suitability in Taman Negara National Park and adjacent forest area. 

 Environmental factors for habitat suitability were derived from geographical information system (GIS) data such as elevation, slope, land-
use, distance from urban and distance from river. Leopard presence data from 1993 to 2008 were integrated with the environmental parameters using 
maximum entropy (MaxEnt) modeling to assess habitat suitability across the study area. 

The results showed that distance from river contributed the most (39.3%) in the habitat suitability modeling followed by distance from urban 
(31.4%), elevation (12.3%), land use types (10.1%), and slope (6.9%). Distance from river and urban showed highest contribution that influenced 
leopard distribution in which most 
suitable habitat occurred in 
proximity with river and further from 
urban. Habitat suitability of leopard 
were distributed among 48% over 
2,218,389 ha of the study area.

: The findings of this 
study provides knowledge on how 
the species move and exploit 
different habitat niches for more 
e f f e c t i v e  c o n s e r v a t i o n  
management. It provide models for 
future wildlife conservation and 
urban planning.
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Introduction

The leopard, Panthera pardus is the most widespread 
felid found in Africa and Asia, extending across the Middle East to 
the Pacific Ocean (Stein et al., 2016; Sunquist and Sunquist, 
2002). Particularly in Southeast Asia, the leopard population is 
declining across their habitat range (Asrulsani et al., 2017; Ripple 
et al., 2014). More than 30% of suitable leopard habitat has been 
reduced worldwide within 22 years (Stein and Hayssen, 2013). 
Leopard population in Southeast Asia is found in Myanmar, 
Thailand, Vietnam, island of Java and Peninsular Malaysia. 
Interestingly, all leopard individuals recorded in Peninsular 
Malaysia have been of melanistic type, except for few individuals 
(Kawanishi et al., 2010; Tan et al., 2015). Leopard population in 
Peninsular Malaysia was assessed as endangered (DWNP, 
2017). It is estimated that about 500-700 leopards are left in 
Peninsular Malaysia due to decline of suitable forest habitat 
(Chew, 2019). 

Most of the remaining forest in Peninsular Malaysia is 
disturbed and affected by human activities (Azlan et al., 2006). In 
Malaysia, forest fragmentation occurring due to oil palm 
plantation, road and highways construction act as major threats 
for leopard to disperse from one fragmented area to other 
forested area (Azlan et al., 2006; Clements et al., 2014). Very less 
studies have been conducted on the population of leopard in 
Malaysia because studies on wildlife in tropical rain forest is 
difficult due to dense foliage coverage (Azlan et al., 2006; Ridout 
and Linkie, 2009). Thus, the best way to save these endangered 
species is to protect their habitat as threats to their survival has 
increased manifold over the years (Hedges et al., 2015; Mert and 
Yalçinkaya, 2017).

In this study, the habitat suitability of leopards in the 
largest protected area in the Taman Negara National Park 
(TNNP) forest complex was investigated. Taman Negara National 
Park is the core conservation area for wildlife including leopard 
and constitutes Malaysia’s largest continuous tract of protected 
primary forest (434,000 ha) (Asrulsani et al., 2017; Ratnayeke et 
al., 2018). Taman Negara National Park covers three states of 
Pahang, Kelantan and Terengganu in the heart of Peninsular 
Malaysia and is regarded as the world’s oldest tropical rainforest 
(Ibrahim and Hassan, 2011). The present study on leopards 
concern on the distribution, population size, genetic structure, 
prey preferences, temporal activity patterns, natural history and 
habitat selection (Asrulsani et al., 2017; Chew, 2019; Dutta et al., 
2013; Hayward et al., 2006; Jacobson et al., 2016; Sanei et al., 
2011; Simcharoen et al., 2008). 

The environmental factors affecting the leopard habitat 
are anthropogenic disturbance, habitat fragmentation, proximity 
to water sources, proximity to human habitation, elevation and 
slope class (Abade et al., 2018; Gavashelishvili and Lukarevskiy, 
2008; Ngoprasert et al., 2007).This study represents fresh 

attempt to document the habitat suitability of leopards in Taman 
Negara National Park and adjacent forest reserve in Peninsular 
Malaysia. Studies on the distribution and changes in leopard 
habitat distribution is crucial for conservation efforts (Yang et al., 
2017). While understanding spatial patterns of species provide 
knowledge on how it moves and exploit different habitat niches 
(Roll et al., 2006). Therefore, information on leopard suitable 
habitat is needed to support effective conservation actions and 
stability of wildlife communities that depend on them 
(Gavashelishvili and Lukarevskiy, 2008; Lengyel et al., 2008). On 
view of the above, this study was conducted to predict leopard 
habitat suitability in Taman Negara National Park and adjacent 
forest areas. 

Materials and Methods

Study area: This study was conducted at Taman Negara National 
Park, situated on the eastern region of Peninsular Malaysia that 
covers a total area of 2,218,389 ha (Fig.1). Taman Negara 
National Park consist of various forest types ranging from lowland 
to montane forest. The highest peak is situated at Gunung 
Tahanat at an elevation of 2,187m (the highest mountain in 
Peninsular Malaysia).

Data collection: Primary and secondary data: Environmental 
parameters used for modeling were elevation, slope, land use 
types, distance from urban and river were processed using 
geographical information system (GIS) (ESRI ArcGIS 10.5). 
Contour data were obtained from the Department of Survey and 
Mapping Malaysia (JUPEM), which were further processed to 
generate elevation and slope layer. Recent Landsat 8 images of 
2017(path/row 127/59 and 126/59, acquisition date 12 April 2017) 
were downloaded from United State Geological Survey used to 
produce land use map of the study area through supervised 
classification method. Classification of land use was verified 
through field observation. Ground truthing observations (n = 130) 
were collected during October 2017 with accuracy of 92%. 
Distance from urban and distance from river was extracted from 
land use layer. Leopard presence data were collected through 
direct or indirect observations by the Department of Wildlife and 
National Parks from 1993 to 2008 (DWNP, 2010).The presence 
data used for modeling can be from records older than 3 leopard 
generations (21 years), showing regions where leopards may 
possibly occur (Jacobson et al., 2016).

Data analysis: GIS analysis and MaxEnt analysis: 
Environmental parameters and leopard presence data were 
processed using MaxEnt software version 3.3.3k (Computer 
Sciences Department, Princeton University, USA, 2004) with 
70% training data (32 occurrence data) to predict habitat 
suitability and the remaining 30% (13 occurrence data) were used 
for model testing. The maximum entropy modeling consisted 
algorithm that estimated the probability of species distribution 
based on species occurrence data and set of environmental 
variables (Phillips et al., 2006).

N.F. Khodri et al.: Suitability leopard habitat suitability in Taman Negara
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Fig. 1 : Location and land use category of study area. The map was derived from remote sensing data.
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Results and Discussion

The relative percent contribution of environmental 
parameters was highest for distance from river (39.3%), followed 
by distance from urban (31.4%), elevation (12.3%) land-use 
types (10.1%), and slope (6.9%) (Table 1). 

These findings suggest that proximity to water source and 
urban areas exerted stronger influence than other environmental 
parameters and were the major limiting factors of leopard 
distribution across the study area. The data related to the 
presence of leopard showed occurrence near rivers because the 
suitable forest areas consist of many tributaries. Another study on 
leopards in Huai Kha Khaeng Wildlife Sanctuary, Thailand also 
found that areas close to stream channels were more favorable 
for leopards (Simcharoen et al., 2008). Leopards tend to favor 
riverine areas of high vegetative productivity to maximize hunting 
success (Pitman et al., 2017), therefore, areas closer to river has 
greater habitat use (Ngoprasert et al., 2007). The river proximity 
considered as a proxy to major traveling routes used by leopards 
and act as important landscape features for leopards when 
choosing a home range (Havmøller et al., 2019; Simcharoen et 
al., 2008). 

The suitable habitat of leopards were located far away 
from urban areas. In this study, leopards were highly suitable at 
areas 14 km away from urban areas. Similar results were 
reported from Tanzania where significant strong negative 
relationship was observed between leopard site and habitats that 
were closer to households (Abade et al., 2018). Leopards tend to 
avoid areas nearby road although existence of road does not 
create a movement barrier to leopard (Ngoprasert et al., 2007). 
The existence of roads near forest reserve were most likely to 
promote forest conversion, poaching and trade in the region 
(Clements et al., 2014). Some of the areas adjacent to roads were 
suitable for leopards that indicate leopards were least sensitive to 
disturbance, which concurs with other studies that found high 
ability of leopards to survive and move through modified habitat 
(Dutta et al., 2013; Harihar et al., 2011). Locals are unaware of 
their presence in the close proximity of urban areas because they 
are nocturnal, secretive and less appealing, making their survival 
possible in human proximity as long as they have a safe retreat 
(Gavashelishvili and Lukarevskiy, 2008). In Jhalana Forest 
Reserve (India), humans and leopards coexist where leopards 
frequently encounter humans on the forest reserve fringes and in 
town or villages (Kumbhojkar et al., 2019).
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Most of the habitat suitability occurred in forest areas of 
Taman Negara National Park, Krau Wildlife Reserve, Tekai 
Tembeling Forest Reserve, Pasir Raja Selatan Forest Reserve, 
Jengai Forest Reserve, Gunung Aais Forest Reserve, Cerul 
Forest Reserve, Berkelah Forest Reserve, Remen Chereh Forest 
Reserve, Tekam Forest Reserve and small areas of Ulu Jelai 
Forest Reserve. Most Taman Negara National Park areas were 
suitable where macaques were abundant as food source for 
leopards (Chew, 2019). Leopards play an important ecological 
role of regulating their prey populations, especially wild ungulates 
(Dorresteijn et al., 2015). Dark colored (melanistic) leopards in 
Malaysia provides better visual concealment from larger predator 

such as tiger and prey, especially in the closed canopy of forest 
habitat (Asrulsani et al., 2017).

Leopard habitat suitability was less affected by slope with 
7% contribution. Leopards were rarely found on high slopes, but 
suitable habitat of leopard covered large area regardless of 
steepness of the slope (Silva et al., 2017). Generally, leopards 
were found in or near rugged terrain, although in some cases they 
favored flat slope for easy movements (Gavashelishvili and 
Lukarevskiy, 2008; Simcharoen et al., 2008). Elevation had less 
influence on leopard habitat suitability with 12% contribution. 
Similar results were reported from Java island, Indonesia, with 

Table 1 : Environmental variable importance evaluated by percentage contribution and permutation importance. The permutation importance was used 
to assess variable importance.

Variables Percent contribution (%) Permutation importance (%)

Distance from river 39.3 38.9
Distance from urban 31.4 30.9
Elevation 12.3 16
Land use types 10.1 9.1
Slope 6.9 5.1

Fig. 2 : Panthera pardus habitat suitability in Taman Negara National Park and adjacent forest area derived from MaxEnt Model.
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only 1.1% contribution for elevation (Wibisono et al., 2018). 
Leopards can adjust altitudes up to 5000 m or higher and inhabit 
hilly or mountain regions (Stein et al., 2016). 

Leopard suitable habitats were distributed among 18 
blocks over a total area of 2,218,389 ha (Fig. 2). Total of 48% of 
the study area were suitable for leopard. Patches of unsuitable 
habitat were located in South and West direction of study area 
which mostly comprised urban areas such as Bandar Pusat 
Jengka, Jerantut and Kuala Lipis. Large areas of Bandar Pusat 
Jengka were less suitable for leopards due to close proximity to 
settlement area and large agriculture area mainly oil palm and 
rubber plantation that act as major threats to leopards (Azlan et 
al., 2006). This indicate that leopards avoid these areas due to 
human encroachment and urban development (Gavashelishvili 
and Lukarevskiy, 2008). The availability of food and water 
resources are scarce in the agriculture and settlement area, thus 
forcing leopards to migrate to adjacent forest areas (Alfred et al., 
2012). Effect of urban and road development also resulted in 
fragmentation of forest areas suitable for leopards in the study 
area. Therefore, impact of construction of roads can be mitigated 
by improving forest connectivity to assist movement of leopard 
through fragmented habitat.

The area under the receiver operating characteristic 
curve (AUC) were used to model performance similar to other 
studies evaluating large scale habitat models developed in 
Maxent (Sulistyawan et al., 2017). The AUC ranged from 0 (worst 
model) to 1(best model). Scores >0.5 indicate a model better than 
expected by random prediction (Elith et al., 2006).The mean 
AUC±SE from the model was 0.80±0.061 which indicates better 
discriminatory power of suitable versus unsuitable areas for the 
leopard. MaxEnt models with AUC scores >0.75 are considered 
potentially useful (Phillips et al., 2006).

This research demonstrates that the protected areas are 
important component of conservation strategies and can 
safeguard leopard population from pressures due to change in 
land use. Local government should plan and implement more 
strategies to conserve the remaining forests, including the 
National Park, in order to prevent depletion of wildlife habitat.
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