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ABSTRACT 
Geographic Information Systems (GIS) and remote sensing are powerful analysis and decision-making tools used 
in a spectrum of applications in many different fields. The Montane Slender Loris Loris tardigradus nycticeboides 
is an Endangered primate subspecies, found only in the mountain rainforest region of Sri Lanka. This study 
attempts to validate the applicability of the ‘habitat suitability model’ on the Montane Slender Loris located in 
the Hakgala Strict Nature Reserve (HSNR), in the central highlands of Sri Lanka, using GIS and remote sensing 
techniques. The main objectives are to map the habitat suitability factors, along with related topographic data 
through GIS, and to reveal the possibility of using spatial and geographical features for effective analysis to identify 
suitable habitats of the Montane Slender Loris in the HSNR. The study reveals available habitat for the species is 
critically small, accounting for only 4.3% of the protected land area, suggesting improved management may be 
needed to ensure the future survival of the loris in the HSNR.
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INTRODUCTION
It is widely recognized that the main threats to species 

persistence include habitat loss and fragmentation. 
Conservationists must take into account the species’ 
living patterns to make educated conservation plans 
for them. Ecological Niche Modelling (ENM) has been 
developed to include suitable habitat and species range 
estimates for consideration in conservation (Chefaoui 
et al., 2005; Gaubert et al., 2006; Guisan et al., 2006). 
This technique can provide information for protected-
area prioritization and protected-area network design 
(Margules & Austin, 1994; Rondinini et al., 2005; 
Sánchez-Cordero et al., 2005) and identify the effects 
of habitat disturbance on species distribution (Banks 
et al., 2005; Sánchez-Cordero et al., 2005; Rhodes 
et al., 2006). Interpretation involves understanding 
the analysis method, types, mechanisms and effects 
of biotic interactions that affect a species’ distribution 
(Kearny, 2006; Soberón, 2007). The ecological niche 
is a set of environmental variables which favours a 
species’ distribution and maintains a viable population 

(Grinnell, 1917). The biogeographic distribution of a 
species is based on abiotic and biotic conditions as 
well as geographical accessibility (Soberón & Peterson, 
2005). ENM-based predictions of suitable living areas 
for a species (Guisa & Thuiller, 2005; Peterson & 
Kluza, 2003) can help guide conservation priorities 
(Loiselle et al., 2003). Ecological studies in Sri Lanka 
have produced a body of knowledge about the habitat 
requirements and threats of the Montane Slender 
Loris Loris tardigradus nycticeboides (Hill, 1942; 
Mahanayakage, 2013; Gamage et al., 2015).  Methods 
and channels capable of bringing this knowledge into 
the field of practical forestry and nature conservation 
are needed. 

The Montane Slender Loris, classified by the IUCN 
Red List as Endangered (Nekaris, 2008), is a primate 
inhabiting the mountain region of central Sri Lanka 
(Gamage et al., 2015). Gamage et al. (2015) highlighted 
that the Montane Slender Loris is an extreme habitat 
specialist found only in the montane evergreen forests 
in the Nuwara-Eliya area (Fig. 1). Furthermore, their 
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occupancy modelling study revealed that Montane 
Slender Loris occupancy was closely associated with 
altitude, canopy height and canopy connectivity: the 
best habitat being taller-canopy (height >4m) montane 
evergreen forests between 1,600 and 2,100 m above 
sea level (asl) with good canopy connectivity (Gamage 
et al., 2015). The study confirmed that Montane Slender 
Loris is an extremely rare and critically threatened 
species in Sri Lanka, and identification of suitable 
habitats is one of the key aspects of Montane Slender 
Loris conservation (Gamage et al., 2015).

 Several species distribution modelling tools, with 
broad ecological applications, have been used in the 
past (Peterson, 2003). These models were developed 
based on biophysical and environmental factors to 
predict the distribution of a species according to a 
predetermined set of ecological conditions found 
to be preferred by that species. These methods are 
very sensitive to species sample size and habitat 
distribution patterns (Wisz et al., 2008). Using the 
above-mentioned tools, the objective of this study was 
to predict and locate potential new Montane Slender 
Loris habitats in Hakgala Strict Nature Reserve (HSNR), 
which could potentially contain viable populations of 
lorises that should be protected.

METHODS 
Study area

This study was conducted in the HSNR in Sri Lanka, 
a potentially-important habitat for Montane Slender 
Loris in a mountainous region. This site is situated in 
the Nuwara Eliya and Badulla districts, and is one of 
the three Strict Nature Reserves in Sri Lanka, all under 
the Department of Wildlife Conservation’s jurisdiction, 
and is the only such reserve in the wet zone, where 
our study was based. Areas with eucalyptus/pine 
plantations and encroachments were omitted from this 
study. The HSNR covers an area of 11.42 km2, ranging 
in an altitude between 1,650 m to 2,178 m asl (Fig. 1).

Data collection

This survey was conducted in March 2015. 
Information was collected as point data. The 
representativeness of a sample obtained by simple 
random sampling makes it reasonable to make 
generalisations from the results of the sample back 
to the population (Kearny, 2006). Hence, we made 
100 random sampling points in the study area where 
suitability factors were measured. With this technique, 
each point of the population has an equal chance of 
being selected. ARC GIS 10 Random Point Generator 

Fig. 1.  Random Sampling Points in the Hakgala Strict Nature Reserve.
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was used to generate random points in the selected 
study area as shown in Fig. 1.

Generated data points were imported to Google 
Earth. According to a terrain profile of the area, a track 
was created connecting approximately 10 nearby 
points. Walking along each track was attempted 
during the visit, but on some days this was not possible 
due to difficulties in manoeuvring through the fallen 
trees. The search was conducted by walking along 
navigational tracks created for sampling data points, 
as presented in Fig. 2. Randomly created data points 
were imported to GPS. A Trimble Juno SB GPS helped 
to navigate the random points. Canopy height of 
each point was measured using a laser Range Finder 
(TruPulse 200L, Lasertech, Colorado, USA), and the 
canopy connectivity was measured using photographs 
of each random point, captured using a digital camera 
(Sony COOLPIX P 900) at 1 m height from the ground. 
Initially, a captured image was converted into a grey-
scale image using Adobe Photoshop. The canopy 
cover percentage was calculated using black and 
white pixels in each picture. Since there were more 
than 100 photographs taken, manual calculation of 
black and white pixels was a time-consuming process. 
Therefore, the canopy connection percentage of each 
image was calculated using a self-developed software 

application in the NET platform. Canopy connectivity 
was measured as a percentage where the dark area 
was considered as the where the light is not passing 
and calculated it as the area of canopy.

Modelling procedure

We used loris species occurrence records in which 
frequent sightings of 25-30 loris were observed. 
The locations were marked with GIS, categorised 
by environmental (bioclimatic) factors, and analysed 
using the maximum entropy distribution modelling 
approach (Peterson, 2003) to identify areas of potential 
occurrence of Montane Slender Loris in HSNR. In the 
current predictions generation, we used the free-
ware MaxEnt, version 3.3.3 (Phillips et al., 2004).  
Using ArcGIS, we generated the estimates of species 
presence probability, varying from 0 (lowest) to 1 
(highest). MaxEnt uses the values of user defined points 
selected randomly from 10,000 points and constructs 
an index of habitat suitability falling between 0 and 1. 
Our sample points totalled 10 (Phillips et al., 2004). 
Even though sample size was small, the variables 
could be tested by examining cross-correlations 
(Pearson correlation coefficient, r > 7) among them, 
based on 100 localities of species occurrence records 
randomly generated from the area (following Fielding & 
Bell, 1997). Furthermore, the difference between high, 

Fig. 2.  The navigational tracks for sampling points.
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medium, and low potential was defined as subsets 
of a species potential presence in the predicted area 
variable space corresponding to geographic locations 
defined by actual or potential habitat preferences of the 
species (Gromley et al., 2011).

RESULTS 
To construct the habitat suitability map for Montane 

Slender Loris in HSNR, five key-feature datasets, 
or data layers were used: HSNR study area, base 
map imagery, elevation data (Fig. 3A), canopy height 
(Fig. 3B), and canopy connectivity (Fig. 3C). As per 
the elevation map, the whole of HSNR provides a 
suitable elevation range for the Montane Slender Loris. 
However, the canopy cover (canopy connectivity) 
maps illustrate that only slightly over 25% of the HSNR 
provides suitable habitat for Montane Slender Loris. 
Nevertheless, the canopy height map shows 60% of 
the HSNR is covered with canopy of over 4 m height, 
which is reportedly the preferred canopy height for 
Montane Slender Loris (Gamage et al., 2015). Habitat 
suitability for Montane Slender Loris in the HSNR, 
assessed using Multi Criteria Decision Analysis (MCDA), 

helped to identify additional geographical areas that 
have potentially suitable habitats for Montane Slender 
Loris (viz. elevation data, canopy height, and canopy 
connectivity).

The GIS-based analysis demonstrated the optimal 
locations where potentially suitable habitats exist, 
considering the effects of elevation, canopy height 
and canopy connectivity. It showed that high-potential 
areas cannot be found in areas with low canopy cover 
or in areas of higher elevation. The MaxEnt model 
successfully predicted potentially suitable habitats for 
Montane Slender Loris, i.e. 98% success rates at logical 
process training. The most suitable habitat for Montane 
Slender Loris was predicted in the highest canopy area 
where we observed 25 lorises (Figs. 3B & 3D), and its 
distribution was quite fragmented. The MaxEnt model’s 
internal Jackknife test of variable importance indicated 
that ‘Height distribution and canopy distribution’ were 
the two most significant predictors of Montane Slender 
Loris habitat distribution.

According to this model, as shown in Fig. 3D, it is 
estimated that there exists approximately a 49-hectare 
(0.5 km2) land area in HSNR with very high potential 

Fig. 3.  Predicted potential suitable habitat for Montane Slender Loris in Hakgala Strict Nature Reserve, Sri 
Lanka; A – Digital elevation model; B – Height distribution; C – Canopy cover distribution; D – Habitat suitability 
map of Montane Slender Loris.
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habitat suitability for Montane Slender Loris, followed 
by an 848-hectare (8.5 km2) with medium potential 
habitat suitability, and a 60-hectare (0.6 km2) with low 
potential habitat suitability. Furthermore, the model 
clearly highlighted that Montane Slender Loris habitats 
in the HSNR are highly fragmented. 

DISCUSSION 
These results provide information for future species 

management planning and will help to locate new 
habitat locations and determine the extent of those 
areas. This study revealed that the habitat distribution 
patterns for threatened and endangered species such 
as the Montane Slender Loris can be modelled with 
MaxEnt, using a small number of occurrence records 
and environmental variables, like previous studies 
(Hoffman et al., 2008). This method has been proven 
to perform better than other modelling approaches 
(Ortega-Huerta & Townsend, 2008). MaxEnt estimates 
the probability distribution of a species’ presence 
data, based on environmental variables, even using 
small sample sizes of up to six specified localities. The 
potential habitat distribution map for Montane Slender 
Loris can aid in planning land use management around 
its existing populations, discover new populations, 
identify top-priority survey sites, and set priorities 
to restore its natural habitat for more effective 
conservation. More research is needed to determine 
whether the existing protected areas adequately cover 
suitable habitats for Montane Slender Loris.
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