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Ranging behaviour, habitat use and predicting the potential distribution of 
Asian elephant (Elephas maximus) in 

Gua Musang, Kelantan, Malaysia

HAZIZI HUSAIN1,2, IZZATI KHAIRUDDIN1, AAINAA  AMIR1, 
MUHAMAD AZAHAR ABAS1, KAMARUDDIN ZAINUL ABIDIN3 

& KAMARUL HAMBALI1*
   

Abstract : Land conversion has influenced the distribution and movement of Asian 
elephants. This study was conducted to understand the ranging behaviour and habitat use of 
Asian elephants in Sungai Betis Forest Reserve (SBFR) in Gua Musang, Kelantan, 
Malaysia. ArcGIS and MaxEnt softwares were used to estimate the home range and 
potential distribution based on the occurrence data points and environmental variables, such 
as distance to water and road, elevation, slope and vegetation cover. The results obtained 
showed that home ranges of the elephants were concentrated in the fragmented forest. There 
was a strong correlation between the environmental variables, which play significant roles 
in influencing the ranging behaviour and habitat use of Asian elephants.

Keywords: Ranging behaviour, habitat use, potential distribution, Asian elephants, MaxEnt, ArcGIS

     INTRODUCTION

Tropical rainforests provide essential services to humans and biodiversity (Ambe & 
Onnoghen, 2019). In Malaysia, Protected Areas (PAs) have been established to help 
conserve and protect its inhabitants (Bakar, 2018). However, research has shown that forest 
fragmentation, deforestation, and changes in land use and forest cover have significantly 
diminished the global biodiversity (Woodley et al., 2015). A fragmented forest habitat 
creates an imbalance in the biodiversity and ecosystem (Farina, 2008; Forman, 1995). Such 
threats have become a great concern for the species living within and surrounding the PAs. 
This is especially true for wide-ranging terrestrial mammals (Shevade et al., 2017, Bahar et 
al., 2018), like the Malayan tiger (Panthera tigris) and Asian elephant (Elephas maximus) 
throughout their range in Asia (Santiapillai & Jackson, 1990; Leimgruber et al., 2003; 
Hedges et al., 2005), including Peninsular Malaysia (Saaban et al., 2011). 

 The study area, Sungai Betis Forest Reserve (SBFR) in Gua Musang, Kelantan is 
recognised as one of the PAs in Peninsular Malaysia. Agricultural development, mainly for 
oil palm plantations, surrounding the area has degraded the conditions of this protected 
habitat. These major landscape disturbances have caused habitat loss, affected the 
availability of food and water sources, and jeopardised the overall health of the forest 
ecosytem as well as causing landslides during heavy rain, particularly during the Northeast 
Monsoon from October to March (Syafril et al., 2020).
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 There is a growing concern about the safety of the Asian elephants in Gua Musang 
due to the changes in their natural habitats. Anthropogenic infiltration into the wildlife 
reserve has also become a common occurrence (Newton et al., 2020). Frequent disturbance 
by human activities has forced the elephants to leave their habitat and approach human 
settlements in search for space and food resources, increasing the risk of human-wildlife 
conflicts. This includes invasion of crops, which sometimes results in loss of life 
(Leimgruber et al., 2003; Newmark, 2008; Mcdonald et al., 2009; Western et al., 2009; 
White & Ward, 2011; Liu et al., 2017). Human-elephant conflict is a serious social problem 
across the species' range (Shaffer et al., 2019; Denninger Snyder & Rentsch, 2020). The 
costly destruction and retaliatory cycle of human-elephant conflict is largely due to the 
similarities in diet. Elephants are attracted to the same plants that humans often cultivate on 
their landscapes (Lim & Campos-Arceiz, 2022). 

 There are several factors that affect the ranging behaviour and habitat use of the 
elephants. These include biotic and abiotic factors, as well as physical and anthropogenic 
factors associated with spatial or geographic information (Aini et al., 2015), such as 
availability of food, water and shelter (Sukumar, 1989; Schaller, 1967). It is known that 
Asian elephants prefer to forage in dry and moist deciduous forests where there is abundance 
of grass and bamboo (Sukumar, 2003; Koirala et al., 2016) and has cooler temperature to rest 
during the day (Mandal & Chatterjee, 2018; 2019). Whereas elephants in the tropical 
evergreen rainforest prefer openings within rainforest fragments due to the availability to 
forage (Sukumar, 2003; Barnes et al., 1991). The movement of the Asian elephants is 
influenced by seasonal factors – dry or wet season, particularly in search for shelter and 
water (Kumar et al., 2002; Sukumar, 2003; Kumar et al., 2010). Besides this, temporal 
factors such as day and night, could also influence elephants' movement and habitat use 
(Graham et al., 2009; Kumar et al., 2010).

 According to Evans et al. (2020), the understanding of home range of the wildlife is 
important to estimate the area required to be protected  for the animal populations. In this 
study, the ranging behaviour and habitat use of Asian elephants were examined in an area 
undergoing deforestation in Gua Musang, Peninsular Malaysia. The drastic change in 
landscape occurring throughout the natural habitats of Asian elephants is limiting their 
distribution and threatening their extinction in Gua Musang. Hence, this research aimed to 
investigate: (1) the extend that elephants use their disturbed habitat and whether this usage 
varies depending on the time of the year; (2) the potential distribution of elephants that are 
found in Gua Musang and; (3) the environmental variables affecting their ranging behaviour 
and habitat use. The results of this study will contribute to the existing knowledge of the 
ranging patterns, habitat use and potential distribution of the Asian elephants. This 
information will be used to identify critical areas for the conservation of Asian elephants and 
to develop management strategies of remaining habitat. 

    MATERIALS AND METHODS

Study area
This study was conducted at Sungai Betis Forest Reserve (SBFR) which is located within the 
Gua Musang region in the state of Kelantan, Peninsular Malaysia (Figure 1). The study area 
is predominantly covered with forest plantations, especially oil palm plantations, which 
poses a major challenge in conserving this majestic wildlife species (Mudappa & Raman, 
2007; Graham et al., 2009). 
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Figure 1. Location of the study area.
 
Occurrence data collection
The Asian elephant occurrence data for this study were obtained from the Department of 
Wildlife and National Park (DWNP) in XML file format. This file contains the Global 
Positioning System (GPS) location of Asian elephants in Gua Musang. The GPS location 
was tracked through a satellite telemetry placed on a female elephant (approximately 30 
years old), as part of the Central Forest Spine (CFS) project. This female elephant lived in a 
herd of 30 individuals of various ages and sexes. However, the age and sex of other elephants 
among this herd were not recorded. 

 On December 31, 2018, the female elephant was sedated with 10ml of Xylazil-100 
by a DWNP staff. The sedative was inserted in a dart before released from a dart gun. The 
amount of sedative was prescribed by a veterinary officer, depending on the size of the 
elephant. After the female elephant was sedated, a satellite telemetry unit was fitted to 
monitor its vitals. Other elephants from the herd were monitored from a distance to prevent 
them from approaching the sedated female. The female elephant was then injected with 10ml 
of Xylazine reversal agent to arouse it before re-joining the herd. The GPS locations of the 
Asian elephant herd were recorded at every three-hour intervals over a six-month period 
from January 1, 2019 to June 31, 2019. The herd of elephants were observed to remain 
closely together throughout the study period and without seperating into other groups. 

Environmental variables
The environmental variables used to model the elephant distribution and habitat use includes 
both topographical and vegetation-related variables. The environmental variables assessed 
were elevation, slope, distance to waterbody, distance to the nearest road, and vegetation 
cover. 

 Elevation and slope were estimated using a 30-meter resolution Digital Elevation 
Model (DEM) obtained from the United States Geological Survey (USGS) website 
(https://earthexplorer.usgs. gov/). ArcGIS software was also used to estimate the slope from 
DEM. A waterbody shapefile was obtained from the Department of Survey and Mapping 
Malaysia (JUPEM) and converted to a distance raster using the Euclidean distance spatial tool 
in ArcGIS. The distances to waterbody and nearest road was measured from the map in 
metres. 
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Where;
Band4 = red light (RED)
Band5 = near infra-red light (NIR)

Data analysis
i. Home range modelling
In order to understand the ranging behaviour of Asian elephants in the study area, it is 
necessary to model their home range. A standard method of estimating home range for 
wildlife is by mapping the size of the area using Minimum Convex Polygon (MCP) where a 
set of available  point location would geometrically define the home range in the form of a 
convex hull (Wartmann et al., 2010). In this study, the MCP was computed from species 
occurence data using the minimum bounding geometry tool available in ArcGIS software. 
The measurement tool was used to measure the area of the home range in kilometers squared 
(km2).

ii. Predictive modelling of distribution and habitat use using maximum entropy (MaxEnt)
MaxEnt software version 3.3.3k was used to produce a functional predictive model of the 
elephants’ distribution in the study area, as described by Young et al. (2011). The species 
occurrence data and the environmental variables were used to extract background 
locations (Merow et al., 2013). Since present data would cluster around the predicted area, 
a regularisation multiplier value of one was used to avoid over-fitting of the model (Elith 
et al., 2011). Jackknife approach was used to validate the model. When the models were 
generated in MaxEnt, the most likely combination of variables that best explained the 
observed data was identified.

 The MaxEnt model output provided necessary informations about influence of each 
variable on the model, as well as the performance and importance of each variable (Baldwin, 
2009; Hosseini et al., 2013). The Receiver Operating Characteristic (ROC) or Area Under 
the Curve (AUC)  metrics determined whether the model is performing well. An AUC 
reading of < 0.7 indicates a low-performance model, while a reading of 0.7 - 0.9 indicate a 
medium-performance model, and > 0.9 reading indicate an excellent-performance model 
(Pearce & Ferrier, 2000). 

 Default settings were used for MaxEnt, except for a few changes made according to 
the manual described by Young et al. (2011). The data were then divided into training data 
(75%) and test data (25%). The accuracy of the model was evaluated using the test data, 
while training data was used to create the predictive model (Briscoe et al., 2014). 
A cross validation was performed using replication method, where the samples were divided 
into replicates folds. Each fold was then used as test data. The replications were set to a value 
of 15, and the final output was the average result obtained. 

 

 

= NDVI L8
Band5 - Band4
Band5 + Band4
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RESULTS AND DISCUSSION

Size of home range
A total of 1306 GPS location data points were obtained from monitoring the movements of the 
female Asian elephant through the satellite telemetry. However, only 1294 points were used 
for analyses after removing duplicates. The 100% MCP calculation showed that the elephants' 
home range was about 112.76 km2, which encompassed both fragmented and non-fragmented 
forest. A study by Alfred et al. (2012) reported that the home range size of Bornean elephants 
was 250 – 400 km2 in non-fragmented forest, and approximately 600 km2 in disturbed and 
fragmented landscapes. Their study provided the first indication that forest connectivity and 
quality are important factors in landscape use by the elephants. In this study, the elephant 
monthly ranges were between 24 to 42 km2 (Figure 2). The smallest area covered by the 
elephants was in June (24.05 km2), and largest in February (42.28 km2; Table 1).

Figure 2. Monthly range [Minimum Convex Polygon (MCP) method] of Asian elephants in SBFR, 
Gua Musang, Kelantan.

         Table 1. Area covered by Asian elephants in SBFR, Gua Musang, Kelantan.

 

 

 

 

Month Area covered (km2) 
January 31.67 

February 42.48 
March 42.18 
April 28.02 
May 28.58 
June 24.05 
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NDVI value of vegetation cover
The map in Figure 3 shows that the presence of elephants is likely to occur in an area with 
mixed vegetation classes. The area in red with NDVI values ranging from -0.19 to 0.27 
indicated a non-vegetation area (Table 2) due to the fragmented forest and a road network. 
Low-vegetation area (represented in yellow) has NDVI values ranging from 0.27 to 0.42, 
indicating the presence of shrubs and grasslands. On the other hand, high-vegetation area 
(represented in green) with dense vegetation and covered in evergreen forest, has NDVI 
values ranging from 0.42 to 0.63. 

Figure 3. Normalised Difference Vegetation Index (NDVI) analysis of Gua Musang, Kelantan.

Table 2. Vegetation classification according to NDVI values.

Asian elephant distribution and habitat use
The MaxEnt output suggested that the distribution of Asian elephants extended far beyond the 
home range that was calculated using MCP method (Figure 4A). The MaxEnt software can 
predict the likelihood of elephants occurring in different locations according to the 
environmental variables, which can help determine the suitability of an area. The area in 
yellow of the map in Figure 4A indicated that the habitat was most suitable for the elephants, 
while the blue area indicated that the area was less or not ideal for the elephants.

No. Vegetation Classes Description NDVI Value 

1 Non-vegetation Barren area and road network -0.19 to 0.27 

2 Low-vegetation Shrub and grassland 0.27 to 0.42 

3 High-vegetation Dense evergreen forest 0.42 to 0.63 
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 The model’s performance was evaluated using a Receiver Operating Characteristic 
(ROC) curve, as shown in Figure 4B. The red line of the graph indicated the mean of ROC, 
which compared the performance of two different models. The Area Under the Curve (AUC) 
value of 0.5 or below indicates that the model performance is no better than the random ones, 
whereas a value ranging up to 1.0 suggests that the model performs better than other models 
(Young et al., 2011). The mean value of the AUC was 0.965, which indicated an excellent 
performance. Jackknife analysis in Figure 4C showed which variables are the most 
predictive of elephant distribution. The AUC value was highest for the elevation at 0.856. 
Nevertheless, all of these environmental variables do not strongly influence the distribution 
of elephants. Even without these variables, the AUC values would still be high, as indicated 
with the lighter coloured bars in the graph (Matawa et al., 2012).

 A)

 B)
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 C)

Figure 4. The MAXENT model results showing 
(A) the possible distribution of elephants in Gua Musang; 

(B) AUC of training data (red) and test data (blue) for model performance; and 
(C) Jackknife test for the variables used in the elephant distribution model. 

Factors influencing the ranging behaviour and habitat use of Asian elephants
The study area was being heavily developed for oil palm plantations. The elephants were often 
observed to be moving around the fragmented forest. Such behaviour could be influenced by 
human activities, including cultivation of oil palm plantations. According to Evans et al. 
(2020), there are zones in the oil palm plantation where elephants move quickly and with a 
definite direction. This could be driven by the presence of forest corridors, electric fences 
and availability of food or could be a stress response to the threats posed to elephants in low-
quality habitats. 

 Although the study area landscape was degraded and fragmented, the abundance of 
various grass species can provide large-scale feeding opportunities for the elephants (English 
et al.) 2014a, 2014b; Yamamoto-Ebina et al., 2016). Apart from that, oil palms provide food 
resources for elephants (Oliver, 1978) where oil palm kernels and newly planted oil palm 
shoots were sometimes eaten (Susanto & Ardiansyah, 2003; Suba et al., 2018).
 
 The preference of the Asian elephant herd for non-fragmented forest, as seen in 
February (Figure 2), could occur due to human harassment, when plantation workers were 
working over the area (Alfred et al., 2012). Forests not only provide safety and resting place 
for the large-sized animals, especially herbivores, but  also provides food resources (Talukdar 
& Choudhury, 2017). According to Calabrese et al. (2017) and Neupane et al. (2019), Asian 
elephant prefers to rest or hide in the forest core, although they also partially use fragmented 
forests next to agricultural landscapes as a temporary abode. These forest patches also offers 
food sources for the elephants (Mandal & Chatterjee, 2021).

 Based on the MaxEnt distribution model, primary factors  that influenced the habitat 
use of Asian elephants were distance to road and elevation (Table 3). According to Sharma 
et al. (2020), Asian elephants are more likely to be found in fragmented forests compared to 
African elephants. The elephants’ habitat use in fragmented forest and areas closer to roads 
suggested that the areas where they frequently occur can be governed as wildlife corridors. 
This idea could help facilitate the movement of Asian elephants across forest patches.
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Table 3. Contribution and importance of environmental variables.

 In this study, the presence of Asian elephants were more numerous within 2000 m 
from the road. The frequency of occurrence of the elephants decreased with distance from the 
road (Figure 5). Roads and highways can affect the habitat preference of wildlife due to 
changes in their natural environment (Fortin et al., 2013) and subsequently, influence their 
ranging behaviour (Dussault et al., 2007; Blake et al., 2008). Higher concentration of 
elephants occupying the roadside may suggest changes in vegetation structure and food 
availability (Wadey et al., 2018). Elephants prefer to forage near the road due to their diet, 
which consists of early-succession plants and grasses (Yamamoto-Ebina et al., 2016; 
Terborgh et al., 2017) or agricultural products like paddy, rather than naturally occurring 
foods (Yamamoto-Ebina et al., 2016). In contrast, elephants that occur further away from the 
road (>5 km) consume less preferred type of woody plant (Yamamoto-Ebina et al., 2016).
 
 The results of this study suggested that the elephants prefer to utilise open-habitats, 
such as that of the roadside compared to the undisturbed forest of SBFR. Contrarily, a study 
in Sabah has shown that Asian elephants do not tend to like urban areas, including villages 
and roads (Evans et al., 2020), possibly due to the risk of being hunted by poachers. There 
has been numerous  high-profile cases of elephant poaching in Sabah in recent years, primarily 
for their tusks (Goh, 2019; Kee, 2019; Miwil & Rahman, 2019).  This illegal activity has 
become increasingly common as elephant tusks are highly sought after as wedding dowry 
(Goh, 2019; Miwil & Rahman, 2019).

Figure 5. Density curve showing the frequency of Asian elephant occurrence relative 
to distance from the  road in SBFR, Gua Musang, Kelantan. 

Variable Contribution (%) Permutation Importance (%) 

Distance to nearest road 49 54.1 

Elevation (DEM) 43 41.9 

Distance to waterbody 4.7 1.6 

Slope 2.3 1.4 

Vegetation cover (NDVI) 1 1 
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(A)               (B)

Figure 6. Density curves showing the frequencies of Asian elephants occurrence relative to 
(A) slope and (B) elevation in SBFR, Gua Musang, Kelantan. 

 The density curve showed high frequency of occurrence of elephants at 5º slope and 
decreased as the slope increases (Figure 6A), while the occurrence of elephants were higher 
at elevations between 200 m to 400 m. From previous studies, environmental variables such 
as elevation and slope play an essential role in the ranging behaviour and habitat use of Asian 
elephants (Rood et al., 2010). Mohd Taher et al. (2021) found that elephants choose their 
habitat based on elevation and slopes, with a preference for areas with low to moderate 
elevations (< 133 m) and flat to gently undulating slopes (< 20°).

 In this study, the elephants were shown to have a higher affinity for areas with lower 
elevation and gentler slope, indicating that they prefer lowland area compared to mountainous 
areas. These results were analogous to numerous studies where elephant occurred more 
frequently at lower elevations and gently undulating slopes (Wall et al., 2006; Lin et al., 
2008; Pan et al., 2009; Alfred et al., 2012; Mohd Taher et al., 2021). This can be attributed 
to the fact that a steeper slope would only limit the elephants' movement (Sharma et al., 
2020).  Due to their enormous size, the elephants would need to expend more energy to move 
along mountainous areas. Lowland areas are also often closer to water sources (Alfred et al., 
2012). Contrarily, Wu et al. (1997) found that Asian elephants prefer to range along elevation 
between 900 – 1200 m to avoid proximity to humans.

 Availability of water sources is a significant indicator for the ranging behaviour and 
habitat use of Asian elephants (Viljoen, 1989), as water is a vital component for all wildlife 
species (Mandal & Chatterjee, 2021). Elephants need to consume water frequently because 
of their high respiratory water loss (Owen-Smith, 1988). An adult male elephant requires 
between 68.4 and 98.8 L (18 to 26 gallons) of water per day, but can consume up to 152 L (40 
gallons) per day and 212 L (55 gallons) in under five minutes (Sukumar, 2003). In addition, 
elephants like to submerge in the water to regulate their body temperature and prevent 
overheating. Therefore, the availability of the water source is a key indicator of the habitat 
quality for the elephants (Viljoen, 1989; Mandal & Chatterjee, 2021). 

 From Figure 7, the elephants were mostly found around 0 to 6000 m away from a 
waterbody. This result was supported by Kumar et al. (2010), which stated that the elephants 
often use riparian landscape as it provides easy access to water and vegetation. According to 
Mohd Taher et al. (2021), the distance below 100 m from the river is the most suitable range 
for elephant habitat. The frequency of elephant occurence decreased at a distance further than 
6000 m. Although Gara (2014) found that elephants can travel long distances between 
habitats in order to locate water sources, Owen-Smith (1988) stated that the distance 
threshold for elephants to travel to a source of water is within 24 km.
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Figure 7. Density curve showing the frequency of Asian elephant occurrence 
relative to the distance to waterbody in SBFR, Gua Musang, Kelantan. 

 The vegetation cover, represented in NDVI value has contributed the least to the 
species distribution model. From the graph in Figure 8 and Table 2, the elephants were 
mostly located in areas with NDVI of 0.13 and remained constant up to the NDVI value of 
0.44. Subsequently, the value fluctuated between 0.45 to 0.49 and increased to 0.52 before 
fluctuating back to approximately 0.6 and remaining constant within 0.6 to 0.7. The results 
indicated that Asian elephants in SBFR preferred to inhabit areas near the roads with less 
vegetation.
 
 The home range shows that they had moved along fragmented forest instead of the 
non-fragmented forest. Within the dense evergreen tropical forest in SBFR, it is observed 
that the frequency of Asian elephant occurence were higher at areas with NDVI values 
between 0.13 to 0.42, but fluctuates within the range of 0.42 to 0.63. This could mean that 
high vegetation areas were not preferred habitats for the Asian elephants. According to Evans 
et al. (2018) and Wadey et al. (2018), elephants tend to live in areas with some disturbed 
vegetation, such as forest gaps, logged and secondary forests, as well as regrowth or new 
plantations.

Figure 8. Density curve showing the frequency of Asian elephant occurrence relative to vegetation 
cover (NDVI) for Asian elephants in SBFR, Gua Musang, Kelantan.
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 Overall, this study found that Asian elephants in SBFR, Gua Musang were found to 
range in fragmented forests, and closer towards road areas compared to non-fragemented 
areas with high vegetation cover. One of the attributing factors could be that the elephants 
were territorial over the area that was once their natural habitat. As Wadey et al. (2018) 
suggested, it is possible that forest fragmentation and construction of roads in the area has 
disrupted the ancestral elephant paths prior.  The elephants also preferred to range in areas 
with low elevation and gentle slope, due to ease of movement, food preferences towards 
undergrowth vegetation and access to waterbodies such as saltlick and streams. Saltlicks are 
important nutrient sources for wild elephants and should be protected (Ning et al., 2016). 
This study contradicts the findings from previous study by Magintan et al. (2017), 
which stated that the distance from the rivers and roads have less influence on the home 
range of elephants in Gua Musang. Their close proximity to human presence is worrying as 
it increases the risk of human-wildlife conflicts.

Recommendations
It is therefore recommended that the existing disturbed habitats of Gua Musang to be totally 
protected and that rehabilitation efforts be undertaken to restore the area. Authorities should 
be mindful to not disturb the elephants’ movement paths in future road projects. Other 
recommendations include the construction of a wildlife corridors to facilitate the movement 
of elephants between areas without having to cross roads, and reducing the risk of injury or 
death (Sharma et al., 2020). According to de la Torre et al. (2019), wildlife corridors 
represent a key element of landscape conservation planning and are one of the most popular 
solutions for dealing with the deleterious effects of isolation and small population sizes. 
Other wildlife species may also benefit from the forest corridor. It is also essential for any 
activities that could potentially impact the watershed to strictly comply to the laws and 
regulations in order to safeguard these crucial natural resources. This includes ensuring that 
there is no pollution of the water source and proper management of discharge or storage 
facilities. In addition, land management should take into account the dire survival of 
this endangered (IUCN, 2022). Lastly, further research on the distribution patterns and 
habitat use of the Asian elephants are highly required. The MaxEnt software, which uses 
presence-only data, is recommended for this purpose (Matawa et al., 2012). 

     CONCLUSION

The ranging behaviour and habitat use of Asian elephants in SBFR, Gua Musang, Kelantan 
were influenced by the distance to road, elevation, distance to a waterbody, slope and 
vegetation cover. In this study, the elephants were mostly recorded in fragmented forest and 
closer to the road and human-dominated landscapes. The elephants were also found to prefer 
ranging in areas at lower elevations and gentler slope. Other than that, the presence of water 
bodies were one of the factors contributing to the elephants' ranging behaviour and habitat 
utilisation. Although the results have shown that the suitable area for this species extends 
beyond the study site, these areas would not be sufficient to sustain the elephant populations 
as land conversion, deforestation, and other related factors are constantly reshaping the 
natural landscape of their habitats. The data and results of this study could be used by 
relevant authorities to address the conservation needs of this species. 
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