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 To predict the distribution of suitable habitats for Malayan gaur (Bos gaurus) at a highly fragmented forest area in Peninsular Malaysia and to 
identify the potential connectivity between suitable habitat patches.

 Maximum entropy (MaxEnt) approach was used to predict the distribution of suitable habitats of the Malayan gaur. Gaur presence-only 
data and six environmental variables were collated for the habitat suitability modeling, and area under curve (AUC) value was used to estimate the 
performance of the model. The resulting model was then used to derive a potential connectivity map through least-cost analysis using Corridor Designer 
toolbox in ArcGIS 10.4.

 The AUC value of the habitat suitability model was 0.84. Distance from urban areas indicated the highest relative contribution to the model 
(26.9%), followed by distance from water body (24.2%) land use (18.0%) elevation (14.3%), slope (14.0%) and lithology (2.6%). Predicted suitable 
habitats for gaur were found mostly in lowland forest areas, especially in the vicinity of rivers within forest reserves. A total of five wildland blocks were 
derived from the habitat suitability model, and several potential corridor swaths were identified connecting the wildland blocks.

 The absence of gaur 
occurrence in suitable habitats 
suggest that fragmented habitats 
greatly affected gaur distribution and 
population. Road network and 
agricultural lands are the major 
barriers of gaur movement as they 
a re  ve ry  sens i t i ve  towards  
disturbances and conflict. Thus, this 
research proposes potent ia l  
connectivity at a regional scale for 
Malayan gaur for use in future 
p l a n n i n g  i n  c o n s e r v a t i o n ,  
management and development. 

 Forest fragmentation, 
Habitat connectivity, Malayan gaur; 
Maximum entropy

Potential habitat connectivity for Malayan gaur (Bos 
gaurus) in a fragmented forest area in Peninsular 
Malaysia
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Introduction

Wildlife species in Asia are facing impending threats by 
human activities ranging from hunting to loss of critical habitats at 
an alarming rate. Asia is home to the largest human population 
and some of the most threatened ecosystems are due to loss of 
biodiversity through deforestation and even defaunation (de 
Silva, 2016). The population of wild Malayan gaur (Bos gaurus) 
has been reported to decline worldwide since 1990s despite 
conservation efforts, and is currently categorized under 
Vulnerable in the IUCN Red List (Duckworth et al., 2016). Gaur 
are well known to have a large home range and usually dwell in 
lowland forests near mineral licks, water and food resources. In 
Malaysia, wild Malayan gaur are found highly localized to areas 
such as forest parks, reserves and protected areas as they are 
very selective to disturbance and tend to avoid areas like 
agriculture, logging, and construction activities (Khan, 2016). 
Gaur behavior and habitat selection may change spatially and 
temporally due to food availability, vegetation types, elevation and 
anthropogenic pressures (Ahrestani et al., 2012).

Extensive urbanization and accelerated deforestation 
have fragmented wildlife habitat in Peninsular Malaysia into 
smaller isolated habitat patches and eventually lead to habitat 
loss and fragmentation. Fragmented forests are more accessible 
to human encroachment thus increasing conflicts and poaching 
threats, not only for gaur, but also the whole local biodiversity 
(Laidlaw, 2000; Wilcox and Murphy, 1985). Loss of connectivity 
can impede wildlife movement and dispersal to adjacent habitats 
thus can lead to decreased carrying capacity, decline in 
population, loss of genetic variation and finally species extinction 
(Rudnick et al., 2012). Isolated forests not only keep wildlife away 
from their food resources and potential mates but is also life 
threatening when crossing to adjacent habitat (Spellerberg and 
Morisson, 1998). The growing awareness on the adverse effects 
of habitat fragmentation has resulted in a wide interest in making 
the concept of habitat connectivity to be operational (Adriaensen 
et al., 2003). Therefore, modeling of a regional potential habitat 
suitability and connectivity is important in contributing to future 
site-specific conservation efforts and management plans.

Habitat suitability modelling is a probability map build 
based on the relationship between species occurrence data and 
its preferable habitat landscapes (Larson et al., 2003; Store and 
Kangas, 2001). Maximum entropy (MaxEnt) modeling estimates 
the most uniform distribution based on the combination of spatial 
distribution data and environmental features (Phillips et al., 
2006). MaxEnt modeling is one of the most widely used 
approaches in biogeography, conservation biology and ecology 
for its competitive accuracy with other modeling techniques (Elith 
et al., 2011; Phillips and Dudik, 2008). Subsequently, connecting 
isolated habitat patches is crucial for maintaining the biodiversity 
and allows species recolonization. Wildlife corridor is defined as a 
swath of land, a linear landscape element that functions as a 

connector between isolated habitat patches that were historically 
connected, to allow passage and to facilitate movement of 
species between these patches (McEuen, 1993). Least-cost 
analysis calculates the most effective distance based on the 
lowest cost to move between habitat patches by incorporating 
geographical information and behavioral aspects of focal species 
(Beier et al., 2008; Sulistyawan et al., 2017). In view of the above, 
this study was carried out to predict the distribution of habitat 
suitability for gaur and its potential habitat connectivity in a highly 
fragmented forest area in Peninsular Malaysia.

Materials and Methods

The study area is located in 4°36’14.4" to 5°33’54" North 
latitude and 101°31’15.6" to 102°38’2.4" East longitude that 
stretches northwardly from a large part of the Northern Taman 
Negara National Park (TNNP) to the South-eastern part of 
Temenggor Forest Reserve. Elevation in this area ranges from an 
approximate of 0.4 km to 2.18 km, where the highest point is 
located at the peak of Mount Chamah. Forest reserves in the 
study area are heavily fragmented by urban development, 
especially roads and agricultural lands (Fig. 1).

Gaur occurrence in presence-only data form were 
provided by the Department of Wildlife and National Parks based 
on regular field surveys recorded between 1994 and 2008 across 
Peninsular Malaysia. Location of x and y were determined by 
portable GPS on sighting of occurrence signs such as footprints 
and faeces. Six environmental variables; land use types, distance 
from urban area, distance from water body, elevation, slope, and 
lithology were collected for the predictive suitability modeling. 
These environmental data sets cover key parameters commonly 
believed to influence mammal distribution at a local scale; limiting 
factors, disturbances and resources (Guisan and Zimmerman, 
2000). Land use map were derived from Landsat 8 satellite image 
dated 23 March 2017 acquired from The United States Geological 
Survey (USGS, 2017). The satellite image was classified into nine 
categories of land use/land cover data; forest land (primary and 
secondary forest), water body (river and lake), urban area 
(including settlements and road network), agricultural land, 
horticultural land, cleared land, idle grassland, limestone and 
wetland area (including swamps and marshland). Digital 
topographic data from the Department of Survey and Mapping 
Malaysia were used as base reference and ground-truthing data 
were used for land use validation. Distances from urban and 
water bodies were derived from land use data by Euclidean 
distance formula. Contour data were processed to generate 
elevation and slope data. Meanwhile, lithology data were 
procured from the Department of Agriculture. Due to the 
complexity of data, the lithological data were classified into two 
groups; limestone and acid intrusive. All environmental variables 
were processed in ArcGIS 10.4 environment to same extent and 
cell size of 30 x 30 m area following Landsat 8 spatial resolution 
size and were converted into ASCII format prior to MaxEnt 
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modelling.

Predictive suitability model for gaur was built using 
MaxEnt 3.4.1 software, fitted with only hinge, linear and quadratic 
features. The number of presence-only data in the study area had 
65 occurrences after removing records with the same coordinates 
(less than 80 occurrences). All presence-only data were used as 
training data for the model. Outputs were set to logistic in ASCII 
format. Maximum iterations were changed to 5000 to allow 
enough time for the model to converge to avoid over-prediction or 
under-prediction of the relationships. Mapping predictive 
suitability model based on the MaxEnt model were conducted in 
ArcGIS 10.4.

The model was evaluated using several statistical 
analyses. First, area under curve (AUC) of the Receiver Opening 
Characteristic (ROC) value was used to estimate the 
performance of the model. AUC value of 0.5 indicates random 
prediction whereas values lower than 0.5 indicate performance 
worse than random, and values greater than 0.5 indicate good 
performance. AUC value of 1 indicate perfect discrimination. 
Second, the importance of each environmental variables to the 
model was estimated using two analyses which are percent 

contribution and jackknife test. Maxent training algorithm 
modifies the coefficient for a single feature thus increases the gain 
of the model. The increase in the gain will then be assigned to the 
environmental variables that the feature depends on. At the end of 
the training process, the values converted to percentage give the 
percent contribution. Maxent uses jackknife test to measure 
variables significance by creating models with one variable 
omitted in turn, and then creating a model using each variable in 
isolation. 

To derive a corridor map, resulting habitat suitability 
model with values of 0 (worst) to 1 (best) was normalized to 0 to 
100 as per required for least-cost analysis using Corridor 
Designer toolbox in ArcGIS 10.4. Fragmented habitat patches 
above 1000 ha were used as wildland blocks for the analysis. 
Ecological neighbourhood circle 200 m radius was used for 
averaging habitat suitability model. The radius value was based 
on the estimates of average size of gaur as an estimate to 
perceptual range (Mech and Zollner, 2002). Average home range 
of gaur in Malaysia was used to estimate the size of minimum 
population patch, which was approximately 13000 ha (Conry, 
1989).
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Fig. 1 : Map of land-use in the study area showing the forest areas fragmented by urbanization, largely by road networks (indicated by red) and 
agricultural lands(indicated by yellow). Darker shades in the map indicate higher elevation. The map was derived from the remote sensing data 
downloaded and constructed using GIS incorporated in ArcGIS 10.4.
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Results and Discussion

The AUC value of habitat suitability model for Malayan 
gaur was 0.84, indicating good performance of accuracy. AUC 
values greater than 0.9 usually indicate high accuracy, values 
between 0.7 and 0.9 indicate good accuracy and values between 
0.5 and 0.7 indicate low accuracy (Srivastava et al., 2020). 
Distance from urban areas indicated the highest relative 
contribution to the model (26.9%) suggesting it to have the most 
useful information, followed by distance from water body (24.2%) 
and land use (18.0%). Elevation and slope contributed 14.3% and 
14.0%, respectively. Lithology contributed the least with a value of 
2.6% (Table 1). Jackknife test also showed that the parameter 
distance from urban areas decreased the gain the most when 
omitted from the model, while distance from water body obtained 
the highest gain when used in isolation of other variables (Fig. 2).

Response curves shows the relationship between each 
environmental variable towards the probability of occurrence for 
Malayan gaur. The x-axis shows the range of values for each 
variable in the study area, whereas y-axis represents the 
probability of presence ranging from 0 (indicating the lowest 
probability) to 1 (indicating the highest probability). The response 
curve of elevation and slope showed a higher potential of gaur 
occurring in lowland forest rather than steep mountainous 
landscape. The highest probability for elevation was 0.6 at 157.8 
m (Fig. 3a). The curve declined rapidly when elevation was higher 
than 1 km. Whilst, gaur were mostly found in area with slope 
below 2° and probability gradually decreased before increasing 
slightly at steepness above 23° (Fig. 3b). Whereas the 
relationship between lithology and probability of presence was 
low to moderate with values of 0.2 for limestone and 0.4 for acid 
intrusive (Fig. 3c). Lithology contributed least to the model (Table 
1). Low probability of limestone was probably contributed by the 
fact that limestone areas are mostly inaccessible due to steep and 
vertical cliffs (Kiew et al., 2019).

Land use response curve indicated that the most 

preferred habitat for gaur was the riverine area (0.71), followed by 

grassland (0.64) and forest area (0.50) (Fig. 3d). Gaur mostly 

preferred grasses, but they also browse to feed on varieties of 

plants (Haleem and Ilyas, 2018). Gaur preferred plants usually 

found along the rivers and on forest clearings (Muhamad Rizal et 

al. 2020). Urban areas, horticulture, cleared land, wetland forest 

and limestone categories yielded equal amount of probability 

(0.41). Agriculture showed the least suitability with only 0.08 

probability of presence. Gaur utilize agricultural fringes mostly at 

night to feed and leave to adjacent secondary forest habitat early 

morning to avoid conflict (Chaiyarat et al., 2021). Gaur are 

generally shy and avoid contact as much as possible (Ahrestani, 

2018).

The response curve of distance from water body (Fig. 3e) 
also showed that gaur had the highest probability at a distance 
nearest to water body and decreased when the distance was 
more. Inversely, the response of distance from urban areas (Fig. 
3f) indicated an increase and reached the probability peak (above 
0.5) approximately 2 km to 3 km away from urban areas. 
However, the decline of the response curve at distances farther 
than 3 km was probably due to the presence of mountainous 
terrains like Mount Stong and Mount Chamah in the study area. 
Gaur were found to utilize flat terrain and gentle slope more by 

Table 1: Relative contribution of environmental variables to the HSM.

Environmental variable Contribution (%)

Distance from urban 26.9%
Distance from water body 24.2%
Land use 18.0%
Elevation 14.3%
Slope 14.0%
Lithology 2.6%
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Fig. 2 : Jackknife test of relative importance of variables. Light grey and dark grey bars represent the gain obtained when using a variable in isolation, and 
lost when omitting a variable, respectively. Black bar represents the gain when all variables were included. 
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Fig. 4 : Potential habitat suitability map for Malayan gaur simulated by MaxEnt model.
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93% as opposed to steep slope (Sankar et al., 2013). Gaur mainly 
used mountainous landscape only as a movement corridor 
between the two habitat patches (Conry, 1989).

Based on the tenth percentile logistic threshold value of 
the model, all pixel values lower than 0.12 showed unsuitable 
areas or zero potential of gaur presence, while higher values 
represented suitable areas for the habitat suitability map (Fig. 4). 
Suitable areas were classified into three classes using natural 
breaks classification (Liu et al., 2019) through ArcGIS 
classification tool indicating low potential of suitability (0.12-0.28), 
moderate potential (0.28-0.51), and high potential (0.51-1.00). 
Areas with zero potential (less than 0.12) was also found in the 
map. The total area of suitable habitats in the study area was 

2approximately 7367 km  (55.8%). The map showed moderate to 
high suitability areas which were mostly centered in the vicinity of 
water bodies within forest reserves, while agricultural lands, 
urban and high elevated areas were found to be unsuitable, thus 
fragmenting these potentially suitable habitats. A recent study on 
gaur home range also found that gaur inhabited primary forests, 
secondary forests and rivers but did not occupy a home range in 
agricultural lands (Muhamad Rizal et al., 2020).

According to the gaur occurrence data (Fig. 4), they were 
found to occur primarily in Taman Negara National Park, and a 
few occurred in forest reserves of Sungai Brok FR, Temenggor 
FR, Gunung Basur FR and Hulu Besut FR. However, there was 
no record of gaur occurring in other forest reserves in the study 
area despite being potentially suitable. The absence of gaur 
occurrence in suitable habitat suggests that fragmented habitat 
greatly affected gaur distribution and population (Crooks et al., 
2017).

A total of five wildland blocks were derived from the 
habitat suitability model by selecting habitat patches that were 
larger than gaur's home-range size (Fig. 5). Based on the least-
cost model, predicted corridors with the smallest resistance 
(0.1% width) were identified in nine areas between the 
neighbouring wildland blocks. The resistance represents the 
permeability of a grid cell for the movement of a species (Beier et 
al., 2008). The isolated Serasa FR at the center of the study area 
have potential of being connected with the adjacent forests. There 
are three small corridor swaths northward connecting Serasa FR 
to Ulu Temiang FR, and westward is a swath connecting to 
Gunung Stong FR. Eastward of Serasa is Relai FR potentially 
connected by a swath towards Lebir FR. Southward of Serasa FR 

Fig. 5 : Potential habitat connectivity map for Malayan gaur between five wildland blocks (indicated by number 1 to 5). The map was derived from the 
least-cost model through Corridor Designer toolbox in ArcGIS 10.4.



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, May 2021¨

804 N.A.T. Ariffin et al.: Potential habitat connectivity for Malaysian gaur in a fragmented forest area

is Chiku FR potentially connected to Gunung Rabong FR with a 
long and narrow corridor swath. Although suitability around 
Sungai Betis FR, Perias FR and Nenggiri FR are sparse, there is a 
corridor swath at Cameron Highland-Gua Musang road near Pos 
Belau, connecting to Sungai Brok FR. Moving eastward along the 
road, there is another swath connecting to Batu Papan FR. A 
potential connectivity was also predicted between Taman Negara 
National Park and Ulu Galas FR across the road. The predicted 
corridors showed a potential of improving connectivity and 
creating a connected network of habitats. Although roads and 
urban areas occupy a small fragment of these corridor swaths, 
the impact might hinder gaur movement (Sulistyawan et al., 
2017). It is crucial to consider conserving the land in the corridor 
swath such as land acquisition, habitat restoration and designing 
wildlife crossing structures. 

Based on the results, it can be concluded that several 
potential connectivity at a regional scale for Malayan gaur is 
proposed for future conservation, management and development 
planning. Habitat restoration in these potential areas is 
recommended to mitigate the risk of gaur-human conflict in future. 
A thorough and continuous research and monitoring of this 
vulnerable species is important to ensure the distribution of wild 
Malayan gaur across Peninsular Malaysia.
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