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INTRODUCTION

Information on species distribution patterns is crucial
for effective conservation and management of bio-
diversity (Margules & Pressey 2000). Given the alarming
situation of extreme habitat alterations due to human ac-
tivities, it is important to accurately assess the distri-
bution and conservation status of threatened species
to prevent future loss of global biodiversity. Substantial
emphasis has been given to developing an objective
quantitative framework to help managers and decision
makers estimate and contain the rate of biodiversity loss
by 2010 (Balmford et al. 2005). In order to meet such
challenges, the IUCN Red List was used as an important
tool to assess the status of global biodiversity (Baillie

et al. 2004). It is argued that the Red List index can
be used as a guide to judge whether or not the 2010 tar-
gets will be met (Butchart et al. 2004). However, some
9.4% or 3580 species could not be assessed accurately
because of insufficient information (Baillie et al. 2004).
For species allocated to this data deficient category, it
is important to generate information on their distribu-
tion, abundance, habitat requirements and associated
threats so that a manageable conservation strategy is
identified before they reach the brink of extinction.

Assessing the status and patterns of distribution of ar-
boreal mammals is a challenge, especially when they
are cryptic, shy, nocturnal, lesser-known, secretive and,
therefore, difficult to detect. However, it is essential to
more precisely determine the distribution of these spe-
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cies in the wild, particularly when they are threatened
by deforestation, habitat fragmentation and exploita-
tion (Kinnaird et al. 2003, Linkie et al. 2006). Slender
lorises constitute one such group of lesser-known arbo-
real mammals. Slender (Loris) and slow (Nycticebus)
lorises are the only 2 known strepsirrhine primate gen-
era reported from India. Slow lorises are known to oc-
cur in northeast India and parts of southeast Asia, while
slender lorises are restricted to southern India and Sri
Lanka (Roonwal & Mohnot 1977, Nekaris & Bearder
2007). Slender lorises are small, often solitary and noc-
turnal and, consequently, poorly studied until the late
1990s, when research became more common; see, for
example, studies of their distribution (Singh et al. 1999,
2000, Kumar et al. 2002, 2006, in press), behavior
(Nekaris 2001, 2003, Radhakrishna & Singh 2002a,b,c,
2004a,b) and ecology (Nekaris & Rusmussen 2003, Ku-
mara 2005). The slender lorises of India (Loris lydekke-
rianus lydekkerianus and L. l. malabaricus) are ac-
corded the status of near threatened in the IUCN Red
List of threatened species, and at the national level they
have been assigned the highest level of protection un-
der Schedule I, Part I of the Indian Wildlife Protection
Act, 1972. The current classification of slender lorises
(Groves 2001) includes 2 species and 6 subspecies;
among them only 1 species (L. lydekkerianus) with 2
subspecies (L. l. lydekkerianus and L. l. malabaricus) is
reported from India. In contrast, in Sri Lanka L. ly-
dekkerianus is represented by a further 2 subspecies
(L. l. grandis and L. l. nordicus) and a second species is
also present with 2 subspecies (L. tardigradus tardi-
gradus and L. t. nycticeboides).

Loris lydekkerianus lydekkerianus is known to occur
in drier forests of Eastern Ghats, south of the River
Godavari, and L. l. malabaricus is reported from the
wetter forests of Western Ghats, south of the River
Tapti (Roonwal & Mohnot 1977, Groves 2001, Nekaris
& Bearder 2007). Schulze & Meier (1995) constructed
an approximate distribution map for slender loris sub-
species in southern India based on the origins of
museum specimens collected between 1889 and 1929
(Jenkins 1987), sight records, animal collection records
(Blandford 1888, Ryley 1913, Wroughton 1917,
Ramaswami & Kumar 1962, Seth 1963, Swayamprabha
& Kadam 1980, Devaraj Sarkar et al. 1981, Johnson
1984, Manjula 1984, Sarma & Kadam 1984, Rao 1994)
and the area estimations of Osman-Hill (1933) and
Fiedler (1956). No lorises were recorded from the loca-
tions reported by Devaraj Sarkar et al. (1981) during
the repeat surveys conducted by Kumara et al. (2006).
Kumara et al. (2006) discovered significant variation
between the observed and the reported distribution,
possibly due to the loss of natural habitat under grow-
ing anthropogenic pressure in recent times (Kumara &
Singh 2004, Schulze et al. 2005, Kumara 2007).

The results of Kumara et al. (2006) elicited the need
for a renewed effort to map slender loris distribution.
Mapping the distribution in its entirety by means of
ground surveys remains a prohibitively expensive and
time-consuming task. The conventional approaches
are also subjective and biased towards accessible or
well-sampled areas, and could rarely be extended to
remote and poorly known locations. Modern attempts
as applied in the US gap analysis program (Csuti 1996)
are data intensive, difficult to implement, heteroge-
neous and unreliable in the absence of extensive field
checks (Peterson 2005). We therefore used the alterna-
tives proposed by Peterson et al. (2003), Peterson &
Kluza (2003), and Peterson (2005), combining the
known occurrence records from extensive field sur-
veys and the construction of ecological niche models
(ENM) to establish the potential distribution of slender
lorises.

The ecological niche of a species is defined as the set
of ecological conditions within which it is able to main-
tain populations without immigration (Grinnell 1917,
Holt & Gaines 1992). Several approaches have been
used to approximate ecological niches (Nix 1986,
Austin et al. 1990, Walker & Cocks 1991, Manel et al.
1999b, Berry et al. 2002, Scott et al. 2002, Phillips et al.
2004); of these, one that has been widely tested in a
broad range of applications is the genetic algorithm for
rule-set prediction (GARP), which includes several
inferential approaches in an iterative, evolutionary-
computing environment (Stockwell & Peters 1999).
ENMs have been useful in various ecological applica-
tions (Miller 1994, Csuti 1996, Tucker et al. 1997, Got-
tfried et al. 1999, Manel et al. 1999a,b), including
recent applications to gap analysis (Peterson & Kluza
2003, Peterson 2005). 

Here we attempt to produce potential distribution
maps of different subspecies of Loris lydekkerianus
using an ENM framework for planning future surveys
for systematic scientific sampling. These maps provide
valuable biogeographical information that may help
targeting surveys to accelerate the discovery of
unknown populations and species (Raxworthy et al.
2003, Bourg et al. 2005). It is important to note that
these maps identify regions that have similar environ-
mental conditions where the species currently main-
tain populations, and should not be interpreted as the
actual limits of the range of a species.

MATERIALS AND METHODS

The present study is an attempt to predict the poten-
tial distribution of different subspecies of slender loris
in India using the DesktopGarp (www.nhm.ku.edu/
desktopgarp/) implementation within the openMod-
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eller Desktop (http://openmodeller.sourceforge.net/),
a user-friendly interface to the GARP algorithm (Stock-
well & Noble 1992) for modeling the potential distribu-
tion of slender loris subspecies. We used 64 unique
occurrence points of Loris lydekkerianus malabaricus,
58 of L. l. lydekkerianus and all 13 of the undescribed
subspecies L. l. ssp. ? obtained using equivalent meth-
ods within the states of Karnataka, Andhra Pradesh,
Tamil Nadu and Kerala (Kumara 2005, 2007, Kumara
et al. 2006).

There have been attempts (Stockwell & Peterson
2002, Hernandez et al. 2006, Pearson et al. 2007) to
establish the minimum sample size necessary for pro-
ducing meaningful results using the ENM approach.
The issue of sample size assumes greater importance
especially in the case of rare species that suffer data
deficiency by virtue of them being rare. Hernandez et
al. (2006) found that accuracy of models was greater for
species with small geographic ranges and limited envi-
ronmental tolerances, which are the ecological charac-
teristics of many rare species. Their results indicated
that reasonable models could be made for some rare
species, and they encouraged conservationists to
resort to distribution modeling as a primary tool. One
of the important reasons for modeling species distribu-
tions is to overcome the handicap of data deficiency,
and ENM is particularly useful in such cases. A sample
size of about 10 occurrence points could produce an
average success rate of about 90% of the maximum
success achieved by the best model; such models con-

tribute to improved understanding of the species bio-
geography in the absence of first-hand sightings
(Stockwell & Peterson 2002, Hernandez et al. 2006,
Pearson et al. 2007).

We used the monthly maximum normalized differ-
ence vegetation index (NDVI) 16 d composite images
(2003) from the advanced very high resolution
radiometer (AVHRR) satellite (Eidenshink & Faundeen
1994). In addition, we noted elevation, slope, aspect
and the compound topographic index (CTI) from the
Hydro-1K dataset (USGS 2001) and included 19 bio-
climatic variables (Hijmans et al. 2005) (P1 to P19,
Table 1).

Sets of 100 model runs were developed for each
analysis. In general, 25% of available occurrences were
used for rule development (training data), 25% for rule
selection and refinement (intrinsic testing data) and the
remaining 50% occurrence points were set aside for an
independent test and filter of the highest quality mod-
els (extrinsic testing data). To choose the best models
from among the 100 replicates, we filtered models on
the basis of omission and commission error estimates
following recent recommendations (Anderson et al.
2003). Specifically, given the high quality occurrence
data available, we selected 20 models presenting 0%
omission based on the extrinsic testing data, and of
these 20, models falling in the central 50% of commis-
sion values were taken as the 10 best models.

To provide an independent validation of model per-
formance, we prepared 4 replicates by randomly
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Sr Parameter layer Source

1 Monthly normalized difference vegetation index (NDVI), 16 d composite from Eidenshink & Faundeen (1994)
AVHRR satellite, January 2003 to December 2003

2 Digital elevation model (DEM), slope, aspect and compound topographic index (CTI) USGS (2001) 
3 P1–annual mean temperature Hijmans et al. (2005) 
4 P2–mean diurnal range [mean(period max.–min.)] Hijmans et al. (2005)
5 P3–isothermality (P2/P7) Hijmans et al. (2005)
6 P4–temperature seasonality (CV) Hijmans et al. (2005) 
7 P5–max. temperature of warmest period Hijmans et al. (2005) 
8 P6–min. temperature of coldest period Hijmans et al. (2005) 
9 P7–temperature annual range (P5–P6) Hijmans et al. (2005) 
10 P8–mean temperature of wettest quarter Hijmans et al. (2005) 
11 P9–mean temperature of driest quarter Hijmans et al. (2005) 
12 P10–mean temperature of warmest quarter Hijmans et al. (2005) 
13 P11–mean temperature of coldest quarter Hijmans et al. (2005) 
14 P12–annual precipitation Hijmans et al. (2005) 
15 P13–precipitation of wettest period Hijmans et al. (2005) 
16 P14–precipitation of driest period Hijmans et al. (2005) 
17 P15–precipitation seasonality (CV) Hijmans et al. (2005) 
18 P16–precipitation of wettest quarter Hijmans et al. (2005) 
19 P17–precipitation of driest quarter Hijmans et al. (2005) 
20 P18–precipitation of warmest quarter Hijmans et al. (2005) 
21 P19–precipitation of coldest quarter Hijmans et al. (2005) 
22 Global land cover map Hansen et al. (1998)

Table 1. Parameters used for ecological niche modeling of Loris lydekkerianus sspp. Sr: serial number; CV: coefficient of variation
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selecting a proportion of 75% occurrence points, set-
ting aside the remaining 25% as validation points in
each replicate for a completely independent test of
predictive accuracy. Coincidence between indepen-
dent testing points and model predictions was used as
a measure of the model’s predictive ability. Binomial
tests based on the proportional area predicted and
numbers of successfully and unsuccessfully predicted
independent test points were used to compare
observed predictive success with that expected under
random (null) models of no association between pre-
dictions and test points. As model results are cumula-
tive (in the form of a ramp of model agreement) from 0
(all models predict absence) to 10 (all models predict
presence), we repeated tests across all thresholds (pre-
diction levels 1 to 10).

We geographically intersected maps of potential
distribution with environmental grids containing the
spatial and temporal distribution of precipitation, tem-
perature and elevation data to understand the par-
tially sampled ecological niche within the regions of
modeled distribution for each subspecies of slender
loris.

We attempted to compare the forest type characteris-
tics extracted from the locations known to be occupied
by slender lorises and from the modeled potential dis-
tributions with the existing knowledge of the forest
types described by Kumara et al. (2006). We geograph-
ically intersected the known locations and maps of
potential distribution of slender loris subspecies with
freely available global land cover maps (Hansen et al.
1998, 2000) and extracted information about the differ-
ent land cover types (Table 1). For convenience, we
provide the names of the land cover classes with their
equivalents following the widely used descriptions of
the forest types in India by Champion & Seth (1968)
(see Table 3). Finally, maps of the potential distribu-
tions of slender loris subspecies were compared with
overlays of the protected area boundaries.

RESULTS

In each of 4 replicate validations of slender loris
model predictions, a different set of about 25% occur-
rence points were available for testing model predic-
tions. For each replicate, we calculated binomial prob-
abilities at each of the 10 predictive levels; in all cases
(4 replicate tests × 10 predictive levels each), agree-
ment between test occurrence points and model pre-
dictions was significantly better than random (binomial
tests, all p < 0.05). This success in predicting indepen-
dent tests of occurrence data gave confidence in model
accuracy; as a result, we used all available points to
develop final models (Fig. 1).

The potential distribution of Loris lydekkerianus
lydekkerianus occupies a large geographical tract of
drier forest patches and human-dominated landscapes
spread across the rain shadow areas of peninsular
India. The potential distribution of L. l. malabaricus
extends over a relatively smaller geographic range and
shows no overlap with L. l. lydekkerianus. It tends to
be confined to the western side of the Western Ghats,
a region dominated by wetter climate, receiving sum-
mer (June to September) rainfall through southwest
monsoons. The potential distribution of L. l. ssp. ?
appears to occupy a patchy geographic range distrib-
uted along the eastern foothills of the southern West-
ern Ghats, a region typically known for its intermedi-
ate climate, receiving winter rains (October to
December) from the retreating northeast monsoons
(Gunnell 1997, McGinley 2007). (Figs. 1 & 2a)

Slender lorises appear to be better adapted to broad
altitudinal and precipitation ranges compared to the
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Fig. 1. Loris lydekkerianus sspp. Points of known occurrence
and modeled potential distributions of slender loris sub-
species in peninsular India. WG: Western Ghats. Modeled po-
tential distributions are given in red for the unidentified L. l.
ssp. (L. l. ssp. ?), blue for L. l. malabaricus and green for 

L. l. lydekkerianus
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other micro-endemic species found within Western
Ghats. Results show little difference between the alti-
tudinal ranges of modeled potential distributions for
the 3 slender loris subspecies, with Loris lydekkerianus
malabaricus attaining the maximum altitude of about
1500 m above sea level (m a.s.l.). The precipitation
range and its temporal pattern demonstrate marked
variation within the regions of potential distribution for
each subspecies (Table 2, Fig. 2). The potential distrib-
ution of L. l. ssp. ? occupies a distinct intermediate pre-
cipitation zone with an average annual precipitation of

about 1500 mm as compared to about 800 mm for L. l.
lydekkerianus and about 3500 mm for L. l. malabari-
cus. The L. l. ssp. ? zone receives intermediate average
rainfall during both winter and summer monsoons
compared to the zones of the 2 known subspecies
(Table 2, Fig. 2). A closer look at the binary plots
reveals that the modeled niches for all 3 subspecies
dominate distinct regions within the binary spaces,
showing only a slight overlap (Fig. 2).

There is fair correspondence between the types of
forests actually used by slender lorises and regions of
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Fig. 2. Loris lydekkerianus sspp. Ecological niches of the modeled potential distributions of slender loris subspecies in peninsular
India with respect to precipitation and temperature. (a) Mean winter (October to January) vs. mean summer (June to September)
precipitation, (b) precipitation of the wettest vs. driest quarters, (c) annual mean temperature vs. annual precipitation, and (d)
maximum temperature of the warmest period vs. minimum temperature of the coldest period. L. l. ssp. ?: unidentified L. l. ssp. 

Species Elevation (m a.s.l.) Precipitation (mm)
Min. Max. Average Min. Max. Average

L. l. lydekkerianus 21 1080 551 510 1150 830
L. l. malabaricus 1 1493 747 940 6090 3515
L. l. ssp. ? 153 1190 672 910 2200 1555

Table 2. Loris lydekkerianus sspp. Potential distribution across elevation (m above sea level, m a.s.l.) and precipitation ranges.
L. l. ssp. ?: unidentified L. l. ssp.
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modeled potential distribution (Table 3). Sightings
from patchy human-dominated landscapes (especially
in the case of Loris lydekkerianus lydekkerianus),
scrub forest and agricultural regions (orchards/planta-
tions) appear to dominate the locations of actual occur-
rences. Regions of modeled potential distribution
reveal, however, that scrub (wet and dry), degraded
scrub (open) and deciduous forest types dominate the
potential distribution of slender loris subspecies.
Despite the coarse spatial resolution (30 arc seconds) of
the data, results are consistent with previous field-
based studies (Singh et al. 1999, 2000, Kumara et al.
2006, Nekaris & Bearder 2007). While the modeled dis-
tribution of L. l. lydekkerianus suggests a preference
for drier and open forest types, L. l. malabaricus is
expected to favor more moist and open forests and L. l.
ssp. ? with almost always choose the intermediate for-
est types ranging between the drier and moister
classes.

We provide geographic estimates of the modeled
potential distribution of all 3 slender loris subspecies
across the administrative limits of the states of Andhra

Pradesh, Karnataka, Tamil Nadu, Goa and Maharash-
tra (Fig. 1, Table 4). The modeled potential distribution
of Loris lydekkerianus lydekkerianus covers a wide
array of forest types extending up to the Eastern Ghats.
Its distribution in Andhra Pradesh remains within the
forests of the hill system of the south and eastern part
of the state. In Karnataka, its distribution is mainly
restricted to the southeastern part of the state, away
from the wet forests of the Western Ghats, whereas in
Tamil Nadu its distribution is nearer the foothills of the
Western Ghats (Fig. 1, Table 4). The modeled potential
distribution of L. l. malabaricus follows the western
flanks of the Western Ghats, cutting across the Mal-
abar Coast through the states of Kerala and Karnataka,
marginally spreading over to Tamil Nadu and extend-
ing as far north as the moister forests of Goa and
Maharashtra (Fig. 1, Table 4). The potential distribu-
tion of L. l. ssp. ? remains largely confined to patchy
habitats found along the eastern slopes of the southern
Western Ghats within the administrative limits of
Tamil Nadu and Kerala. Until now there was no record
of L. l. ssp. ? from the Nilgiris, a region in the north of
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Global landcover classes Forest type equivalents L. l. lydekkerianus L. l. malabaricus L. l. ssp. ?
Occurrence Area (%) Occurrence Area (%) Occurrence Area (%)

(a) Points of known occurrence
Broadleaf evergreen Evergreen 0 0 6 11.3 0 0
Broadleaf deciduous Deciduous (wet/dry) 0 0 1 1.9 1 8.3
Woodland scrub Scrub (wet/dry)a 13 22.4 39 73.6 8 66.7
Wooded grassland Degraded scrub 10 17.2 6 11.3 0 0
Closed shrubland Tropical thorn 2 3.4 0 0 1 8.3
Cropland/grassland Agriculture/grassland 33 56.9 1 1.9 2 16.7
Total 58 100 53 100 12 100

(b) Regions of potential distribution 
Broadleaf evergreen Evergreen 13 0 1124 2 11 1
Broadleaf deciduous Deciduous (wet/dry) 13 436 13 24 914 51 721 42
Woodland scrub Scrub (wet/dry)a 31 373 30 20 859 43 387 23
Wooded grassland Degraded scrub 15 357 36 1308 3 364 21
Closed shrubland Tropical thorn 36 797 15 85 0 25 1
Cropland/grassland Agriculture/grassland 6329 6 422 1 206 12
Total 103 306 100 48 713 100 1714 100
aWet scrub for L. l. malabaricus and L. l. ssp. ? and dry scrub for L. l. lydekkerianus

Table 3. Forest type under (a) points of known occurrence and (b) regions of potential distribution of Loris lydekkerianus sspp.
Global landcover classes are based on Hansen et al. (1998, 2000). Forest type equivalents are based on Champion & Seth (1968).

L. l. ssp. ?: unidentified L. l. ssp. 

Species Maharashtra Goa Karnataka Kerala Tamil Nadu Andhra Pradesh

L. l. lydekkerianus 808 (1%) – 35 413 (34%) 15 (0%) 46 191 (45%) 20 879 (20%)
L. l. malabaricus 1352 (3%) 1859 (4%) 20 386 (42%) 22 490 (46%) 2626 (5%) –
L. l. ssp. ? – – – 190 (11%) 1524 (89%) –

Table 4. Loris lydekkerianus sspp. Modeled potential distribution across different states of peninsular India. Values given are po-
tential geographic ranges (% total potential distribution). L. l. ssp. ?.: unidentified L. l. ssp. ?; –: no area predicted in modeled 

potential distribution
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Palghat Gap, but our model predicts a strong potential
for it to occur in this region; further investigation of the
distribution of this undescribed subspecies is therefore
warranted.

DISCUSSION

The classification of slender lorises has been conven-
tionally based on the comparison of museum speci-
mens (Bearder 1999), which has remained a difficult
task owing to the small number of available samples.
The distribution maps of such species, prepared
mainly from the descriptions of the locations found
with the museum specimens, also remain crude. Long-
term and detailed studies on species within primate
groups including Tarsiiformes, Lemuriformes, Galagi-
nae and Aoutidae have revealed that the actual num-
bers of these species are highly underestimated, which
has led to wide-spread acceptance of newer species
and/or subspecies and frequent taxonomic rearrange-
ments (Masters 1988, Zimmermann et al. 1988,
Bearder et al. 1995, Martin 1995, Hafen et al. 1998,
Nietsch 1999, Pastorini et al. 2003, Nekaris & Jaffe
2007). Many of these species, formerly thought to be
broadly distributed, are now considered to be confined
to more restricted ranges (Ganzhorn et al. 1997).
Nekaris & Bearder (2007) suspect similar trends for the
Lorisinae, the lorises of Asia. Due to insufficient knowl-
edge regarding the morphological differences be-
tween many species and/or subspecies of Lorisinae
(e.g. species belonging to Nycticebus in Sundaland;
Nekaris & Jaffe 2007), we expect a similar situation in
southern India. For example, Loris lydekkerianus mal-
abaricus was distinguished from other subspecies
based on only 4 specimens including 2 immature ani-
mals. Osman-Hill (1933) also noted some confusion
regarding the localities of collected specimens and
their taxonomic status; no recent attempts have been
made to collect L. l. malabaricus specimens and verify
their taxonomic status. L. l. malabaricus was thought to
be distributed throughout the forests of the entire
Western Ghats (Devaraj Sarkar et al. 1981, Schulze &
Meier 1995), a distribution questioned by Kumara et al.
(2006) based on recently extended surveys (Kumar et
al. 2002, 2006). The modeled potential distribution
from the present study, using all the available known
locations, further indicates that this subspecies’ distrib-
ution may not be as extensive as once thought.

The known populations and modeled potential dis-
tributions of Loris lydekkerianus lydekkerianus and L.
l. malabaricus do not overlap, and there is <0.1% over-
lap of the 2 known subspecies with the modeled poten-
tial distribution of L. l. ssp. ?, indicating a clear differ-
ence in their modeled ecological niches (Fig. 1). This

reinforces the doubts (Nekaris & Jaffe 2007) raised
about earlier projections of slender loris distribution in
south India. The present study supports the distinction
of a third population of slender loris that is distinct in
morphology and habitat requirements from the 2
known subspecies. The fact that L. l. ssp. ? is found in
the rain shadow areas along the eastern slopes of the
Western Ghats prompted us to attempt a separate
modeling effort for this subspecies with a clear inten-
tion to investigate if its current ecological conditions
overlapped with the other 2 known subspecies. The
rain shadow areas along the eastern sides of the Nil-
giris and the southern Western Ghats are character-
ized by a prevailing dry climate and dominated by
deciduous and, at times, scrub forests (Pascal 1988).
Results indicate that L. l. ssp. ? occupies a narrow, geo-
graphically restricted niche, largely within the drier
forests, yet it has little overlap with the 2 known sub-
species. It is important to note that almost the whole of
its modeled niche (about 99%) falls within the limits of
the Western Ghats.

Our survey (Kumara et al. 2006) did not detect slen-
der lorises in the northern and central plains of Kar-
nataka, despite model predictions showing environ-
mental conditions in those areas similar to other
locations with known occurrences of slender lorises.
Further investigation is required to discover whether
slender lorises historically occurred in these regions of
potential distribution. There is a possibility that, despite
the availability of suitable environmental conditions,
slender lorises may not be present as a result of various
factors that might be affecting their presence in time
and space (Prasad et al. 1978, Karanth 1986, Ceballos &
Brown 1995, Kumara et al. 2006, Kumara & Raj 2007).

The limited records of actual species distribution
may neither fully capture the species’ ecological niche
nor their realized niches. This could result in a possible
under-representation of the actual distribution or,
equally, an over-prediction of the part of the ecological
niche not utilized by the species. Modeled distributions
reconstructed from known occurrences thus fall some-
where between the true ecological niche and the real-
ized niche (Singh et al. 1999, 2000, Kumar et al. 2002,
2006, 2009), and point to possible areas for further
exploration to fill the gap in our knowledge of species
distributions.

Analysis of species occurrence and protected area
distribution indicates that all 3 subspecies are only
marginally protected (Fig. 3). It is important to high-
light that Loris lydekkerianus lydekkerianus, with
<1% (1029 km2) of its modeled distribution falling
within protected areas, is vulnerable in the face of
growing anthropogenic pressures. The issue of its con-
servation becomes complicated as the species is thriv-
ing even in human-dominated landscapes within very
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small islands of habitat or within plantations that may
not qualify as proper refuge for the species to ensure
its future survival. About 12% (6032 km2) of the mod-
eled distributions of L. l. malabaricus and about 23%
(398 km2) of L. l. ssp. ? appear to occur within the con-
fines of protected areas, which may be insufficient for
the long-term conservation of the species, despite its
ability to survive within disturbed landscapes (Singh et
al. 1999, 2000, Nekaris 2000, Kumara et al. 2006).

CONCLUSIONS

This is the first attempt to model the potential distri-
bution of stealthy, hard to detect and extremely shy
subspecies of slender lorises reported from southern
peninsular India. It has been possible to produce a
rational and objective map of their potential distribu-
tion that indicates a hitherto undescribed subspecies.
Our motivation was to develop a model-based frame-
work for future sampling and to assess the conserva-
tion status of distinct populations to help plan system-
atic conservation strategies in the face of growing

threats from urbanization-linked land cover changes
and habitat loss. Our results of modeled potential
niches point to a morphologically distinct new sub-
species occupying an area with different vegetation
and environmental conditions compared to the 2
known subspecies. Based on the results of the present
study,  we recommend a systematic molecular study at
the population level to establish the status of the differ-
ent morphotypes. One of the main contributions of the
present study is the generation of the first map detail-
ing the modeled potential distributions of the slender
loris subspecies based on objective criteria, which can
be dynamically updated with growing knowledge.
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