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Abstract Five species of slow lorises were once considered to comprise a single strongly
polymorphic species, Nycticebus coucang, ranging throughout South and Southeast Asia.
The cryptic nature of these nocturnal primates has led to a lack of understanding of their
distribution patterns and abundance. In short surveys, often few if any lorises are detected,
meaning that the few available density estimates are from long-term studies. Based on new
research in Sebangau National Park, Borneo, and compilation of survey data from other
areas, we provide the Wrst comparative abundance estimates for all Wve slow loris species:
N. coucang occurred in signiWcantly higher abundances (median encounter rate 0.80/km:
n = 15), than N. bengalensis (0.26/km; n = 12), or N. javanicus (0.11/km: n = 2), N. menagensis (0.02/km: n = 3), and N. pygmaeus (0.13/km: n = 4). Abundance estimates in Sebangau (0.19/km) did not increase with increasing survey eVort, but for all species and studies
combined, study duration was positively correlated with abundance estimates. We did not
Wnd a relation between abundance and body mass, nor between abundance and latitude.
Long-term studies are more likely to be conducted at sites where the species of interest is
particularly plentiful. The data suggest that slow lorises occur at low abundances throughout much of their range, and some in larger social groups than previously assumed. We
recommend taking into account the species’ heterogeneous distribution (potentially requiring larger survey eVort), their social structure, the use of red lights as opposed to white
lights whilst surveying, and to make use of their vocalisations when surveying slow lorises.
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Introduction
Slow lorises (Nycticebus spp.) are relatively small Asian nocturnal primates, cryptic in both
their behaviour and appearance. Until recently, only two species were recognised: the slow
loris N. coucang, considered at Low Risk throughout a large range stretching from Northern
India to the Philippines, and the more threatened lesser slow loris N. pygmaeus, conWned to
Laos, Cambodia, Vietnam and China (Brandon-Jones et al. 2004). Extreme diversity within
Nycticebus in terms of cranial morphology, genetic variation, body size, facial markings,
dentition, and pelage colouration has sparked major taxonomic revision, with Wve species
(N. bengalensis, N. coucang, N. javanicus, N. menagensis, N. pygmaeus) currently recognised (Groves 1971, 1998; Roos 2003; Chen et al. 2006; Groves and Maryanto in press) with
further unexplained variability within this taxonomic arrangement (Nekaris and JaVe
2007).
The Wve-species approach has had a dramatic impact on the conservation status of Nycticebus (Table 1). All taxa are now classiWed as Endangered or Vulnerable mainly due to
habitat loss and unsustainable levels of harvesting for traditional medicines and pets (Ratajszczak 1998; Nekaris and Nijman 2007). Unfortunately, few published Weld data document the density or detail the distribution of the diVerent taxa. Many of the records
available regarding loris presence come from local informants (Chivers and Burton 1988;
Choudhury 1998, 1999; Nijman and van Balen 1998; Indrawan and Rangkuti 2001; Koenig
et al. 2004) or are based on presence of lorises in the trade (Hunyh 1998; Schulze and
Groves 2004). Researchers who have sought lorises in the Weld have often encountered
few, and usually attribute this to short duration of study or poor survey technique rather
than low loris abundance (Barrett 1981; Duckworth 1994; Fitch-Snyder and Vu 2002; but
see Evans et al. 2000; Rhadakrishna and Sinha 2004).
Belonging to the Sundaland Biodiversity hotspot, Indonesia is not only Xoristically-rich,
but also arguably boasts the world’s greatest primate diversity, including three slow loris
species (Table 1) (Brooks et al. 2000; Supriatna et al. 2001). Despite an impressive amount
of research on primates, including the nocturnal tarsiers (e.g. Chivers 1992; Gursky 1998;
van Schaik et al. 2003; Geissmann et al. 2005; Merker et al. 2005; Nijman 2006), virtually
nothing is known about Indonesian lorises. Unpublished studies from Java and Sumatra
found few to no lorises during line transect searches (Arisona, Gursky and Miehs, pers.
comm.; Nekaris and Nijman, unpub. data), and no published density estimates are known to
us. Intriguingly, slow lorises are often the most common protected primate species
recorded in markets (Malone et al. 2002; Shepherd et al. 2005; Webber and Nekaris, 2004).
Table 1 Taxonomy, average body weight, conservation status and distribution of Nycticebus
Species

Common name

Body weight
(grams)

Conservation
status

Distribution

N. bengalensis

Bengal slow loris

1134–1605

N. coucang

Greater slow loris

599–685

VU A2acd
+ 3cd + 4acd
EN A2cd

N. javanicus
N. menagensis

Javan slow loris
Bornean slow loris

565–687
265–300

EN A2cd
VU A2cd

N. pygmaeus

Lesser or pygmy
slow loris

418–422

VU A2cd

Cambodia; China; India; Laos;
Myanmar; Thailand; Vietnam
Indonesia (Sumatra); Malaysia
(West); Singapore; Thailand
Indonesia (Java)
Brunei; Indonesia (Kalimantan);
Malaysia (Sabah and Sarawak)
Philippines (southernmost)
Cambodia, China, Laos,
Vietnam
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The Bornean slow loris N. menagensis is currently considered amongst the least threatened of the lorises, classiWed as Vulnerable (IUCN 2007). The smallest of all slow lorises
(Table 1), it cannot only be distinguished from the others genetically, but also by its pale
golden to red fur, light marks on its head, and the consistent lack of a second upper incisor
(Groves 1998; Ravosa 1998; Chen et al. 2006). No surveys or behavioural studies have targeted this species, but, based on data collected from researchers in the Weld and historic
specimens from museum collections, Meijaard et al. (2005) suggested it to be common. As
loris ‘presence’ is usually not determined Wrst-hand (Chivers and Burton 1988; Choudhury
1998; Nijman and van Balen 1998; Indrawan and Rangkuti 2001), it cannot be presumed
that lorises still occur in areas from where they were once collected. Indeed, studies of
slender lorises (Loris tardigradus and L. lydekkerianus) in Sri Lanka showed they were
often absent (Nekaris and Jayewardene 2004).
In light of the current lack of information and the threats of habitat destruction and
wildlife trade, it is vital that surveys are undertaken to ascertain the situation of wild
populations (Supriatna et al. 2001; Molur et al. 2003). Until now, the only published studies
that have provided detailed density estimates were conducted at pre-selected sites where
lorises were particularly abundant (Barrett 1981; Wiens 2002). From other areas, and
mainly based on short-term surveys, we merely have indications of how common or rare
the animals are. This suggests that (1) the species are abundant in some areas but genuinely
rare at others, or (2) that the species are more common but it takes time for surveyors to
learn how to survey lorises properly, or alternatively, it takes time for the lorises to adapt to
the presence of surveyors. Although not mutually exclusive, if (1) is true we expect no
relation between survey eVort and abundance, whereas if (2) is true we expect estimates of
abundance to increase with increasing survey eVort. We tested these hypotheses in two
ways: by conducting an intensive survey on N. menagensis; and by compiling data on
abundance and survey eVort in all other slow loris taxa.

Methods
Bornean slow loris survey
Study area
We selected Sebangau National Park (also known as Sabangau) in Central Kalimantan,
Indonesia, as our study area (Fig. 1). This site consists of 5680 km2 of peat swamp forest,
and has been claimed to harbour the largest population of both Bornean orang-utans
(Pongo pygmaeus) and white-bearded gibbons (Hylobates albibarbis) (Morrogh-Bernard
et al. 2003; Buckley et al. 2006).
This study was based at the Setia Alam Field Station, (2o2094299 S–114o291199 E). The
site is described in detail elsewhere (Morrogh-Bernard 2003; Buckley et al. 2006). The area
is an old logging concession and was selectively logged for thirty years up until 1996. The
study was conducted in three diVerent forest types with pre-existing transect systems. The
majority of the survey took place in mixed peat swamp forest. This study area is overlaid
with a 2 km2 grid system containing 17 major transects, which were marked at 25 m
intervals with Xagging tape. Two excursions were also made to low interior and tall interior
forests, characterised by transect systems marked at 50 m intervals, measuring 5.2 km2 and
5.5 km2, respectively.
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Fig. 1 Map showing the location of the study site within the Sebangau National Park, Borneo

Survey techniques
Line transect surveys were carried out by Blackham from 20 May 2005 to 5 Aug 2005
using the pre-existing transect system. In loris studies based on all-night follows, the animals were active throughout the night (Nekaris 2003; Wiens and Zitzmann 2003). Thus
surveys began from 1800 to 1900 and Wnished between 2230 and 0300. A selection of transects were walked each night and were randomly selected to avoid bias (White and
Edwards 2000). Apart from one transect in the low interior forest that was walked only
once, all were walked twice at a speed of 400 m/h by a group of two people to minimise
disturbance to the animals (Charles-Dominique and Bearder 1979). Although a lone person
creates even less disturbance (Duckworth et al. 1994), for safety reasons, a team size of two
was desirable. All levels of the vegetation were scanned using Petzl 4.5 V headlamps with
a combination of red and white Wlters (Nekaris 2003). The following data were collected
for each sighting: transect length, perpendicular distance of an animal from transect, number of individuals, height in tree, activity when Wrst detected, and tree species (Nekaris and
Jayewardene 2004).
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Intra-generic comparison
Data on slow loris sightings were gathered from the literature and from our own observations. Studies were used only if they contained the following information: study duration,
eVort on transects in kilometres or hours, and number of encounters or index of abundance.
Because we were interested in analysing data at the speciWc level, studies that did not
identify species in regions where two species occur sympatrically also were excluded.
Although it is possible that three taxa of slow loris occur in Laos (Evans et al. 2000), only two
(N. bengalensis and N. pygmaeus) have been conWrmed; slow lorises other than N. pygmaeus
were thus considered N. bengalensis. Studies yielding zero sightings were excluded.
A study is deWned as being conducted in one area and by one (team of) researcher(s); when
diVerent strata are sampled within an area, one study may yield multiple estimates of abundance. Study duration is the total number of days included in the study. Survey eVort refers
to total distance or total number of hours walked or motored. All data were transformed into
linear estimates (animals/km) for comparability, using data provided in the studies. Based
on this and other loris studies, we assumed that the eVective strip half width was between 10
and 25 m, the average speed walked was between 400 m and 1.5 km per hour, and the average survey eVort was six hours per night, unless data in the paper indicated otherwise.
Statistical analyses
For the survey, an index of abundance was calculated using linear animal encounter rate
along each transect, following Sutherland (2002) and studies of other loris taxa (Barrett 1984;
Nekaris and Jayewardene 2004; Rhadakrishna et al. 2006). Because data were not normally
distributed, non-parametric tests were used; Yates’ correction for continuity was applied
to v2 tests where appropriate. Tests were two-tailed, with P set at the 0.05 level (Zar 1999).

Results
Bornean survey
A total of 12 lorises were seen over the 75-day study period (Table 2). The median distance
of a loris from the transect line was 12.6 m (range 6.6–28.3 m) and all were seen at heights
of 15–20 m in the trees. All detections were made visually, either by detecting the loris’
reXective tapetum lucidum or when an animal directly crossed over the path. No vocalisations were heard.
In the peat swamp forest, four sightings of lorises occurred, yielding nine individuals: a
single adult, a female and her dependent young, three adults, and a sighting of three adultsized animals, one of which was larger than the other two. Tree species (and their local
names) on which the animals were observed were: Combretocarpus rotundatus (tumi),
Palaquium leiocarpum (hankang), Callophylum hosei (bintangor), and Syzygium cf. nigricans
Table 2 Summary of survey eVort and encounter rates with Bornean slow lorises N. menagensis in peat
swamp and interior forests in Sebangau National Park, Central Kalimantan, Indonesia

Peat swamp forest
Low and tall interior forests

EVort (km)

Animals seen

Encounter rate (km¡1)

50.85
9.00

9
3

0.19
0.33
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(jambu burung kecil). Of the two three-loris sightings, one occurred on C. hosei and the
other on S. nigricans, both of which were fruiting. These animals clearly fed together aYliatively and in close proximity; the food source could not be identiWed. Two sightings of
lorises yielding three individuals occurred in the interior forest. A pair of adults was
observed only 50 m from a lone animal in a hankang tree, raising the possibility that they
were part of the same social group (Schülke and Kappeler 2003; Wiens and Zitzmann 2003).
As no diVerence was found between encounter rate in diVerent forest types (v2 = 0.55,
df = 1, P > 0.40), giving equal weight to all transects, an overall encounter rate of
0.19 lorises/km was calculated. Encounter rates decreased over time from 0.37/km during
the Wrst 25 days, to 0.26/km for the Wrst 50 days, to 0.19/km after 75 days; the diVerence
between the Wrst and the latter two approaching signiWcance (v2 = 3.67, df = 1, P = 0.06).
Intrageneric comparison
We selected 15 studies yielding 36 estimates of abundance (Table 3). Minimum and maximum abundant estimates diVered by approximately one-Wfth with a high correlation
between them (Pearson’s rank correlation coeYcient r = 0.85, n = 36, P < 0.0001); only
the maxima are analysed here. A median estimate of abundance of 0.26/ km was calculated,
with median study duration of 10 days. Study duration was not homogeneously distributed
across the taxa (Kruskal–Wallis analysis of variance H = 14.0, df = 4, P < 0.01). Pair-wise
comparisons revealed that studies of N. coucang were signiWcantly longer in duration than
those of N. bengalensis and N. pygmaeus (Mann–Whitney U = 33.5, n1 = 12, n2 = 15,
P < 0.005 and U = 8, n1 = 15, n2 = 4, P < 0.05, for N. bengalensis and N. pygmaeus, respectively); the median study duration for N. coucang was 10 days, 6.5 days for N. bengalensis
and 7 days for N. pygmaeus. A signiWcant positive correlation was found between study
duration and maximum abundance estimate (Pearson’s rank correlation coeYcient r = 0.48,
n = 36, P < 0.005). When the two long-term studies of N. coucang at pre-selected sites of
high density were excluded, the correlation was no longer signiWcant (r = ¡0.11, n = 31,
P = 0.55). When comparing abundance estimates, a signiWcant diVerence was found among
taxa (H = 16.8, df = 4, P = 0.002). Abundance estimates for N. coucang (median = 0.80/km)
were higher than for N. bengalensis (median = 0.26/km) (U = 37.5, n1 = 15, n2 = 12,
P < 0.01), N. menagensis (median = 0.02/km) (U = 1.5, n1 = 15, n2 = 3, P < 0.01), and N.
pygmaeus (median = 0.13) (U = 5, n1 = 15, n2 = 4, P < 0.01). Furthermore, abundance
estimates for N. bengalensis were signiWcantly higher than those for N. menagensis (U = 3,
n1 = 12, n2 = 3, P < 0.03).
Slow lorises occur in seasonal forest as far north as northeastern India to the ever-wet
tropical rainforest on the equator, and body weight ranges from 1.6 kg for N. bengalensis to
a mere 300 grams in N. menagensis (Table 1). Yet, no relationship was found between latitude and average estimate of abundance per species per study site (r = 0.20, n = 21,
P = 0.40), or between species’ body mass and average species abundance (r = 0.01, n = 5,
P = 0.98).

Discussion
Abundance of lorises and recommendations for surveys
The outdated view that nocturnal primates are completely solitary has been shown to be
invalid (Charles-Dominique 1977; Schülke and Kappeler 2003; Nekaris 2006). In the case
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Species name

Study site

Habitat type

Abundance estimate

Study duration

N. bengalensis

Nambor Forests, Assam, Indiaa
Gibbon Wildlife Sanctuary, Assam, Indiaa
Bherjan Wildlife Sanctuary, Assam, Indiaa
Lumding Reserve Forest, Assam, Indiaa
Phou Xang He, Central Laosb
Nakay-Nam Theun, Central Laosc
Xe Piang, Central Laosd
Muang Hom, Central Laose
Nam Kading, Central Laose
Nam Ao, Central Laose
Bang Navang, Central Laose
Xe Namoy, South Laose
Pasoh Forest Reserve, Negri Sembilan, Malaysiaf
Manjung District, Perak, Malaysiag

Highly logged, disturbed forest
Mildly logged forest with unknown disturbance
Mildly logged forest with unknown disturbance
Mildly logged forest with unknown disturbance
Semi-evergreen forest
Seasonally dry and wet evergreen forest
Semi-evergreen forest
Semi-evergreen forest and shrub
Semi-evergreen forest and shrub
Semi-evergreen forest
Semi-evergreen forest
Semi-evergreen forest
Primary disturbed
Unlogged primary forest

Manjung District, Perak, Malaysiag
Petalang Jaya, Selangor, Malaysiah
Tekam Forest Reserve, Pahang, Malaysiaf

Logged forest, swamp forest,
secondary savannah
Secondary forest
Logged primary forest

15 nights
12 nights
3 nights
4 nights
7 nights
16 nights
14 nights
6 nights
7 nights
4 nights
2 nights
4 nights
74 nights
100 radio tracking
nights*
100 radio tracking
nights*
10 nights
53 nights*

Tekam Forest Reserve, Pahang, Malaysiaf

Unlogged primary forest

Tekam Forest Reserve, Pahang, Malaysiai

Primary forest

Tekam Forest Reserve, Pahang, Malaysiai

Logged primary forest

Tekam Forest Reserve, Pahang, Malaysiai

Logged primary forest

Tekam Forest Reserve, Pahang, Malaysiai

Logged primary forest

0.05/km
0.03/km
0.25/km
0.33/km
»0.30–0.65/km
0.04–0.08/km
0.13–0.27/km
0.10–0.21/km
0.10–0.22/km
0.14–0.30/km
0.09–0.20/km
0.40–0.87/km
»0.01–0.02/km
80/km²
»1.6–4.0/km
20/ km²
»0.4–1.0/km
»0.40/km
15.7/km²
»0.8/km
22.4/km²
»1.0/km
25/km2
»1.16/km
6/km2
»0.30/km
26/km2
»1.28/km
5/km2
»0.25/km

N. coucang

53 nights
175 nights
15 nights
10 nights
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Table 3 Summary of studies of slow loris population assessments that included measures of abundance via nocturnal Weld observations; all abundance estimates are transformed into linear measures; all measures are approximate
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Table 3 continued
Species name

N. javanicus
N. menagensis

N. pygmaeus

Habitat type

Abundance estimate

Study duration

Tekam Forest Reserve, Pahang, Malaysiai

Logged primary forest

10 nights

Tekam Forest Reserve, Pahang, Malaysiai

Logged primary forest

i

Tekam Forest Reserve, Pahang, Malaysia

Logged primary forest

Tekam Forest Reserve, Pahang, Malaysiai

Logged primary forest

Tekam Forest Reserve, Pahang, Malaysiai

Logged primary forest

Tekam Forest Reserve, Pahang, Malaysiai

Logged primary forest

Tekam Forest Reserve, Pahang, Malaysiai

Logged primary forest

Tekam Forest Reserve, Pahang, Malaysiai

Logged primary forest

Tekam Forest Reserve, Pahang, Malaysiai

Logged primary forest

Tekam Forest Reserve, Pahang, Malaysiai

Logged primary forest

Gunung Gede Pangrango National Park, West Java, Indonesiaj
Gunung Gede Pangrango National Park, West Java, Indonesiak
Sebangau National Park, Central Kalimantan, Indonesial
Ulu Segama, Sabah, Malaysiam
Ulu Segama, Sabah, Malaysian
Ben En National Park, Thanh Hoa, Vietnamo
Nam Kading, Central Laose
Xe Namnoy, South Laose
Phou Xang He, Central Laosb

Submontane and montane forest
Submontane and montane forest
Peat swamp and tall interior forest
Primary forest
Primary and logged forest
Hardwood forest and bamboo
Semi-evergreen forest and shrub
Semi-evergreen forest
Semi-evergreen forest

10/km2
»0.49/km
4/km2
»0.20/km
33/km2
»1.63/km
23/km2
»1.14/km
13/km2
»0.64/km
10/km2
»0.49/km
4/km2
»0.20/km
33/km2
»1.63/km
23/km2
»1.14/km
13/km2
»0.64/km
»0.02/km
»0.20/km
0.36/km
0.02/km
0.01/km
»0.05–0.10/km
»0.06–0.13/km
»0.10–0.22/km
»0.05–0.10/km

10 nights
10 nights
10 nights
10 nights
10 nights
10 nights
10 nights
10 nights
10 nights
21 nights
2 nights
75 nights
25 nights
29 nights
11 nights
7 nights
4 nights
7 nights

Rhadakrishna and Sinha (2004); b Duckworth (1994); c Duckworth (1998a); d Duckworth et al. (1994); e Evans et al. (2000); f Barret (1984); g Wiens and Zitzmann (2003);
Shepherd and Nijman (unpub. data); i Johns (1983); j Gursky and Arisona (pers comm.); k Arisona and Nekaris, (unpub. data); l this study; m Grieser-Johns (pers. comm.—
data collected from 1980–1993); n Haydon (1994) and in Duckworth (1997); o Fitch-Snyder and Vu (2002)
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of slow lorises, social behaviour seems to vary across species, with some species described
as monogamous and solitary (N. coucang—Wiens and Zitzmann 2003) or polygynous,
with a propensity towards gregariousness (N. bengalensis, N. coucang and N. pygmaeus—
Elliot and Elliot 1967; Rasmussen 1986; Dixson 1998; Streicher 2004). Regardless of
social organisation, multiple studies have encountered more than one loris, including observations of social feeding and sexual behaviour (Duckworth 1994; Collins 2007; S. Hogg,
pers. comm.; Nekaris and Nijman, unpub. data). Five of the six sightings during our
Sebangau study were of multiple lorises. From these data, we suggest that when surveying
for lorises, researchers should pay attention for other group members in order to estimate
densities more accurately.
The abundance estimate of 0.19 lorises/km in the Sebangau National Park calculated in
this study allies closely to Wgures generated by most other studies of Nycticebus, but is
slightly below the median of abundance estimates reviewed here. Abundance estimates of
Nycticebus show no relation with latitude nor with body mass of the species. These results
in part substantiate the notion that Nycticebus is abundant in some areas but genuinely rare
in others (see also Table 4). Although the deWnition of rarity may diVer between researchers, for most taxa in most areas, over a dozen kilometres have to be surveyed before
encountering a single loris, which we constitute as rare (Nekaris and Nijman 2007).
Despite their data generally not yielding high density estimates (Table 3), Evans et al.
(2000) and Duckworth et al. (1994) regarded slow lorises amongst the most common nocturnal mammal in Laos, which merely suggests that other nocturnal mammals are even
less abundant. In our dataset, a (positive) relationship between survey eVort and abundance was only apparent when the two intensive studies on N. coucang in West Malaysia
were included. These studies did yield much higher densities, and this might be explained
in several ways.
The estimations made by Wiens and Zitzmann (2003) might be due to an unjustiWed
extrapolation of home range sizes from radio-collared individuals to indicate abundance
over the entire protected area, of which their study site was only a small part. Many nocturnal primates, including bushbabies, slender lorises and tarsiers, are not spaced evenly
across a habitat; rather, one may see many, and then walk for hours or days without
encountering another animal. This distribution may be accounted for by habitat selectivity
or sensitivity to disturbance, but in all cases, animals were not homogeneously distributed
(Jewell and Oates 1969; Bearder and Doyle 1974; Nekaris and Jayewardene 2004; Merker
2006). In the case of Nycticebus, heterogeneous densities of both N. pygmaeus and N. bengalensis were observed in Laos. Even at sites yielding high numbers of lorises, they were
largely absent from deciduous areas, and contact frequencies were notably scarcer above
500 m, yielding a pattern similar to those described for other nocturnal primates (Evans
et al. 2000; Duckworth, pers. comm.).
In regards to the second study yielding high abundances, Barrett (1984, p. 188) states
that he selected his study site precisely because of the high abundance of lorises. During his
surveys of eight other sites, slow lorises were only detected at two (Table 4). A number of
factors could account for why a species that is generally sparsely distributed may Wnd itself
at high abundance in a particular habitat type. In the case of lorises, which do not leap, the
extensive canopy continuity found in early stage secondary growth forest may not only provide excellent substrates, but also may be associated with increased density of insects
(Singh et al. 1999; Nekaris et al. 2005). The unstable nature of this habitat may also mean
that these populations are only temporarily large; this can be illustrated by Johns’ (1986)
research (Table 3), whereby numbers of N. coucang increased immediately after logging,
but then Xuctuated over the next 12 years.

1C

1C

Table 4 Indications of abundance of slow lorises
Species

Location

Comment on abundance

Source

N. bengalensis

Vietnam
Thung Yai Naresuan Wildlife Sanctuary,
Thailanda
China (Jinping, Luchun, Pingbian, Hekou)

3 spotted during diVerent surveys in diVerent habitats
Interviews with local people suggest that 76.4% of the population
remains
Very rare; slow locomotion lends to hunting; extirpated due to
deforestation; no more than a few hundred left
Noted as rare based on past capture records

Ratajszcak
1998
Steinmetz et al. 2006

Dibru-Saikhowa Sanctuary, Assam, India
Gumti Wildlife Sanctuary, Tripura, India
N. coucang

Genting Sempah, N of Kuala Lumpur, Selangor
Malaysia
West Malaysia (Ayer Hitam*, Kepong, Kampong
Penderas, Lima Belas*, Petaling Jaya, Gunong
Telapa Burok, Ulu Gombak, Ulu Langat)
Penang Island, Malaysia
West Malaysia

N. menagensis

Kinabalu National Park, Sabah, Malaysia
Kinabalu National Park, Sabah, Malaysia
Bunguran Besar, Natuna Islands, Indonesia
Similajau National Park, Sarawak, Malaysia

N. pygmaeus

a

1992

Choudhury

1998

eight groups in primary forest and six in secondary forests based not
on sightings but on interviews with local people and forest staV
3 captures in 7 months over 29,289 trap nights in evergreen rain
forest
Loris presence recorded at 2* (one primary forest, one old logged
forest) out of 8 sites with total of 34.7 km eVort

Gupta

1994

Rudd and
Stevens
Barrett

1992–94

1 shot in 11 nights mixed vegetation regenerating forest; noted
as uncommon
Collected for medical research from 30 localities across the
country; rare in secondary forest, abundant in primary forest
Present but rarely seen
1 capture and 2 recaptures in 46,000 trap nights in primary rain
forest
Seen in selectively logged forests; well-known to local
communities
No lorises recorded in 77 hours of nocturnal walks; seem to be rarer
than in Indochina
16 spotted during diVerent surveys in diVerent habitats
5 captures in 1986, one at each site; the species is very rare

Liat et al.

1971

Liat

1969

Jenkins
Wells et al.

1971
2004 and pers.
comm. (2007)
2001

Considered ‘present’ and not a conservation priority as one seen
as a pet nearby, and the carcass of a smoked loris was oVered
for sale; not seen in the wild

Species identiWcation for this study is based on the location of the sanctuary, which should fall in the range of N. bengalensis

Indrawan and
Rangkuti
Duckworth

1984

1995

Ratajszcak
Zhang et al.

1998
1992

Momberg and
Weiler

1999
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Nycticebus sp.
(unidentiWed)

Vietnam
China (Wenshan, Mengzi, Maguan, Dawieshan,
Pingbian)
Cardamom Mountains, Cambodia

Zhang et al.

Year
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It is also possible that through experience gained during these long-term studies, the
researchers at sites of high abundance encountered lorises at higher rates simply due to
expertise. This notion can be challenged by our data in two ways. Firstly, if experience
increases the probability of detection, we would expect estimates of abundance to increase
with increasing survey eVort. This was not the case in our study area in Sebangau, where
animal detection actually decreased over the second and the third month of the study.
Secondly, thirteen out of the Wfteen studies in Table 3 had, as a member of the research
team, an individual who either had extensive experience with lorises or with nocturnal
mammals. It is thus probable that if densities of lorises were indeed higher, this should be
reXected in the results.
The two trapping studies included in Table 4 are also illustrative in planning future
studies of slow lorises. Despite numerous rare mammals being captured and recaptured
in general mammal traps, N. coucang and N. menagensis were amongst the rarest mammals trapped in both studies. Wells (pers. comm.) also detected few lorises visually and
stated that he certainly could not classify N. menagensis at his study site as ‘common’.
Similar poor trapping rates were obtained by Wiens and Zitzmann (2003) using loris-speciWc traps, despite their site having amongst the highest density generated for slow
lorises. These contrary Wndings suggest that trapping is not the best method to determine
loris density.
Irrespective of a researcher’s experience, technique still plays an important role in
surveying lorises. Charles-Dominique and Bearder (1979) and Nekaris (2003) advocate the
use of red lights for observing lorises and pottos. Duckworth (1994), Wiens (2002), and
Rhadakrishna et al. (2006), however, chose using white lights, suggesting that either slow
lorises were not aVected by them, or the advantage of the power of white light over red was
so great (especially when other mammals were included in the study) that it was worth the
risk to use such lights. The use of powerful (white) search lights may also lead to a larger
proportion of sightings of very young parked infants, whose naïveté makes them less fearful of human observers, in relation to adults, as indeed observed by Rhadakrishna and
Sinha (2004). In surveys of pottos (P. potto), slender lorises (L. lydekkerianus and L. tardigradus) and slow lorises (N. javanicus), Nekaris (unpub. data) found that red light usually
yielded more sightings and always yielded lengthier sightings, increasing the chance of
recording an animal on the line transect. As arboreal nocturnal animals are more often
recorded by their eyeshine than by sighting the full body (Duckworth 1998b), white lights
oVer no advantage over red in terms of detection of lorises, although they are beneWcial for
identiWcation. Finally, as lorises are collected throughout their range for the animal trade
(Nekaris and Nijman 2007), white rather than red light may lead to torch-shyness as in
other nocturnal mammals (Duckworth 1998a, b), yet another reason to opt for the less visible and less disturbing red option.
The distinctive call of slow lorises also should aid in their detection (Zimmermann
1985). Lorises were not heard by Blackham in our study. In all other studies reviewed here
the calls are either not mentioned or are reported as not occurring, possibly leading to an
underestimation of loris populations. The ability to tune in on this species’ high frequency
whistle may increase detections; Nekaris, for instance, detected N. javanicus within ten
minutes after entering a national park in Java. It is possible that due to misconceptions of
lorises in the literature, a researcher may not expect a ‘cryptic’ animal to call, and thus until
now have not listened out for them (Nekaris and Bearder 2007). Experience with captive
lorises or vocal recordings would be worthwhile before searching for them in the Weld to
familiarise oneself with the call.
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Finally, team size can play a role when searching for lorises. With an anti-predator
strategy of freezing in dense foliage or covering the face with forearms during situations of
extreme alarm, lorises are more likely to take cover when sought by a large team of
researchers (Nekaris et al. 2006). Although team size is rarely reported, sightings of lorises
(and other animals) increase when group size is small, or ideally one (Duckworth et al.
1994). Team size should deWnitely be taken into consideration when reporting loris numbers as low. In areas where political unrest or dangerous animals require a large team of
usually inexperienced assistants (e.g. Fitch-Snyder and Vu 2002; Rhadakrishna et al.
2006), at the very least, eVorts should be made to reduce noise, to increase inter-person distance, or to provide only one torch for every two or three people. Certainly, bright colours,
loud chatting and smoking should be avoided (Sutherland 2002) as these are very disruptive to lorises.
Implications for loris conservation
Large Xagship species such as orang-utans, elephants and tigers are meant to preserve vast
habitats suitable for many other smaller species (Andelman and Fagan 2000). Smaller species, however, might have discrete habitat requirements, such as arboreal continuity with
small gaps, terrestrial continuity with heavy undergrowth cover, or abundance of various
dietary items (Entwistle and Stephenson 2000). Caro et al. (2004) showed that those animals deemed Xagships for an area did not have a relationship with smaller vertebrates, and
indeed, smaller animals at the larger spectrum of small might be a better umbrella for the
small vertebrate community.
In our study, slow lorises, which have been considered amongst the most common mammals in Borneo, were rare in the Sebangau National Park. In other studies, slow-climbing
lorisiforms have been shown to thrive in areas of arboreal continuity of Wne branches,
where descent to the ground should be rare (Charles-Dominique 1977; Pimley et al. 2005;
Nekaris et al. 2005). Often, these areas are tree fall zones or small forest remnants, which
by their nature would not support gibbons or orang-utans – the Xagship species in Sebangau
and in other national parks claiming to harbour large populations of lorises (e.g. Nijman
2003; Meijaard et al. 2005). Thus long-term studies of the behavioural ecology of all Nycticebus taxa in diVerent habitat types are needed before assumptions can be made about
their distribution across these habitats.
Slow lorises have historically been considered Data DeWcient or Least Concern (IUCN
2002), partially due to a misunderstanding of their taxonomy, but principally due to the fact
that they are believed to be common throughout their range. It is mainly catastrophic habitat loss in Southeast Asia that has necessitated the upgrade of the conservation status of all
these taxa to Endangered or Vulnerable. In this paper we have compiled the Wrst dataset for
all species of slow loris, and have shown that rather than being common, that these species
are rare and generally sparsely distributed throughout much of their range. We urgently
recommend detailed study of all taxa in order to further our understanding of the distribution and conservation status of these unique primates.
Acknowledgements We thank S Husson, H Morrogh-Bernard, L D’Arcy, S Cheyne, Suwido Limin and
CIMTROP for their guidance in the Weld. We are also indebted to R Collins, W Duckworth, AD GrieserJohns, S Gursky, A Miehs, C Starr, CR Shepherd and K Wells for providing details of unpublished data. This
manuscript was greatly improved by comments from W. Duckworth and two anonymous reviewers. This
project was supported by a grant from the Orang-utan Foundation UK to Blackham, and SYNTHESYS (NLTAF-3491) and an Oxford Brookes University Research Strategy Fund Grant to Nekaris.

1C

Biodivers Conserv

References
Andelman SJ, Fagan WF (2000) Umbrellas and Xagships: eYcient conservation surrogates or expensive
mistakes. Proc Natl Acad Sci USA 97(11):5954–5959
Barrett E (1981) The present distribution and status of the slow loris in peninsular Malaysia. Malays Appl
Biol 10:205–211
Barrett E (1984) The ecology of some nocturnal, arboreal mammals in the rainforests of peninsular Malaysia.
Dissertation, Cambridge University
Bearder SK, Doyle GA (1974) Ecology of bushbabies Galago senegalensis and Galago crassicaudatus, with
some notes on their behaviour in the Weld. In: Martin RD, Doyle GA, Walker AC (eds) Prosimian
biology. Duckworth Press, London, pp 109–130
Brandon-Jones D, Eudey AA, Geissmann T et al (2004) Asian primate classiWcation. Int J Primatol 25(1):97–
164
Brooks TM, Mittermeier RA, Mittermeier CG et al (2000) Habitat loss and extinction in the hotspots of
biodiversity. Conserv Biol 16(4):909–923
Buckley C, Nekaris KAI, Husson SJ (2006) Survey of Hylobates agilis albibarbis in a logged peat-swamp
forest: Sabangau catchment, Central Kalimantan. Primates 47(4):327–335
Caro T, Engilis A, Fitzherbert E et al (2004) Preliminary assessment of the Xagship species concept on a small
scale. Anim Conserv 7:63–70
Charles-Dominique P (1977) Ecology and behaviour of nocturnal primates. Duckworth Press, London
Charles-Dominique P, Bearder SK (1979) Field studies of lorisid behaviour: methodological aspects.
In: Doyle GA, Martin RD (eds) The study of prosimian behaviour. Academic Press, New York, pp 567–629
Chen JH, Pan D, Groves CP et al (2006) Molecular phylogeny of Nycticebus inferred from mitochondrial
genes. Int J Primatol 27(4):1187–1200
Chivers DJ (1992) Socio-ecology and conservation of gibbons in Southeast Asia with special reference to
Borneo In: Ismail G, Mohamed M, Omar S (eds) Forest biology and conservation in Borneo. Centre for
Borneo Studies Publication No 2, Sabah Foundation, Kota Kinabalu, pp 230–244
Chivers DJ, Burton KM (1988) Some observations on the primates of Kalimantan Tengah, Indonesia. Primate
Conserv 9:138–146
Choudhury A (1998) Mammals, birds and reptiles of Dibru-Saikhowa sanctuary, Assam, India. Oryx
32(3):192–200
Choudhury A (1999) Primates in gibbon sanctuary Assam, India. Asian Primates 7:4–6
Collins R (2007) Preliminary study of behaviour and population densities of Nycticebus coucang and N. javanicus in Sumatra and Java, Indonesia. MSc Thesis, Oxford Brookes University, Oxford
Dixson AF (1998) Primate sexuality: comparative studies of the prosimians, monkeys, apes, and human
beings. Oxford University Press, Oxford
Duckworth JW (1994) Field sighting of the pygmy loris (Nycticebus pygmaeus) in Laos. Folia Primatol
63:99–101
Duckworth JW (1997) Mammals in Similajau National Park, Sarawak, in 1995. Sarawak Mus J 51:171–192
Duckworth JW (1998a) A survey of large mammals in the central Annamite mountains of Laos. Z Säugetierk
63:239–250
Duckworth JW (1998b) The diYculty of estimating population densities of nocturnal forest mammals from
line transect counts. J Zool 246:466–468
Duckworth JW, Timmins RJ, Thewlis RCM et al (1994) Field observations of mammals in Laos, 1992–1993.
Nat His Bull Siam Soc 42:177–205
Elliot O, Elliot M (1967) Field notes on the slow loris in Malaya. J Mammol 48:497–498
Entwistle AC, Stephenson PJ (2000) Small mammals and the conservation agenda. In: Entwistle AC,
Dunstone N (eds) Priorities for the conservation of mammalian diversity: has the panda had its day?
Cambridge University Press, Cambridge, pp 369–387
Evans TD, Duckworth JW, Timmins RJ (2000) Field observations of larger mammals in Laos, 1994–1995.
Mammalia 64:55–100
Fitch-Snyder H, Vu NT (2002) A preliminary survey of lorises (Nycticebus spp.) in northern Vietnam. Asian
Primates 8:1–3
Geissmann T, Bohlen-Eyring S, Heuck A (2005) The male song of the Javan silvery gibbon (Hylobates
moloch). Contrib Zool 74:1–25
Groves CP (1971) Systematics of the genus Nycticebus. In: Biegert J, Leutenegger W (eds) Taxonomy, anatomy, reproduction. Proceedings of the third international congress of primatology, vol 1. S Karger,
Basel, pp 44–53
Groves CP (1998) Systematics of tarsiers and lorises. Primates 39:13–27

1C

Biodivers Conserv
Groves C, Maryanto I (in press) Craniometry of slow lorises (Genus Nycticebus) of insular Southeast Asia.
Primates of the Oriental Night, Treubia (Shekelle M, ed)
Gupta AK (1994) Status and conservation of non-human primates in Tripura, India. In: Thierry B, Anderson
JR, Roeder JJ, Herrenschmidt N (eds) Current primatology, vol I: ecology and evolution. Uni Louis
Pasteur, Strasbourg, pp 101–111
Gursky S (1998) Conservation status of the spectral tarsier, Tarsius spectrum: population density and home
range size. Folia Primatol 69:191–203
Haydon MJ (1994) The ecology and management of rain forest ungulates in Sabah, Malaysia: implications
of forest disturbance. Final Report to the Institute of Tropical Biology, University of Aberdeen, UK
Hilton-Taylor C (2002) 2002 IUCN Red List of Threatened Species. The World Conservation Union (IUCN),
Species Survival Commission (SSC), Gland, Switzerland and Cambridge, UK
Hunyh DH (1998) Ecology, biology and conservation status of prosimians species in Vietnam. Folia Primatol
69:101–108
Indrawan M, Rangkuti F (2001) Development, biodiversity and the conservation status of banded langur in
Natuna Islands, Indonesia. Trop Biodiv 7:151–163
IUCN (2007) Website: www.redlist.org
Jenkins DV (1971) Animal life of Kinabalu National Park. Malay Nat J 24:177–183
Jewell PA, Oates JF (1969) Ecological observations of the lorisoid primates of African lowland forest. Zool
Afr 4:231–248
Johns AD (1983) Ecological eVects of selective logging in a West Malaysian rain forest. PhD Thesis, Cambridge University, Cambridge, UK
Johns AD (1986) EVects of selective logging on the behavioral ecology of West Malaysian primates. Ecology
67(3):684–694
Koenig A, Larney E, Kreetiyutanont K et al (2004) The primates of Phu Khieo Wildlife Sanctuary. Am J Phys
Anth 123(suppl 38):127
Liat LB (1969) Distribution of the primates of West Malaysia. Proc 2nd Int Cong Primat 1968, vol 2. Karger,
Basel, pp 121–130
Liat LB, Muul I, Langham NPE (1971) Preliminary studies of small mammals collected from Penang Island,
Malaysia. Fed Museum J 16:61–74
Malone N, Purnama AR, Wedana M et al (2002) Assessment of the sale of primates at Indonesian bird markets. Asian Primates 8:7–11
Meijaard E, Sheil D, Nasi R et al (2005) Life after logging: reconciling wildlife conservation and production
forestry in Indonesian Borneo, CIFOR and UNESCO, Bogor
Merker S, Yustian I, Muhlenberg M (2005) Responding to forest degradation: altered habitat use by Dian’s
tarsier Tarsius dianae in Sulawesi, Indonesia. Oryx 39:189–195
Merker S (2006) Habitat-speciWc ranging patterns of Dian’s tarsiers (Tarsius dianae) as revealed by radiotracking. Am J Primatol 68:111–125
Molur S, Brandon-Jones D, Dittus W et al (2003) The status of South Asian primates: conservation assessment and management plan (C.A.M.P) workshop report. Zoo Outreach Organisation/CBSG-South Asia,
Coimbatore, pp:viii, 432
Momberg F, Weiler H (1999) Conservation status of the Cardamom Mountains in Southwestern Cambodia:
preliminary studies. Fauna and Flora International Indochina Programme, Hanoi, pp 63
Morrogh-Bernard H, Husson S, Page SE et al (2003) Population status of the Bornean orang-utan (Pongo pygmaeus) in the Sebangau peat swamp forest, Central Kalimantan, Indonesia. Biol Conserv 110:141–152
Nekaris KAI (2003) Spacing system of the Mysore slender loris (Loris lydekkerianus lydekkerianus). Am J
Phys Anthropol 121:86–96
Nekaris KAI (2006) The social lives of Mysore slender lorises. Am J Primatol 68:1–12
Nekaris KAI, Bearder SK (2007) The strepsirrhine primates of Asia and Mainland Africa: diversity shrouded
in darkness. In: Campbell C, Fuentes A, MacKinnon K, Panger M, Bearder SK (eds) Primates in perspective. Oxford University Press, Oxford, pp 24–45
Nekaris KAI, JaVe, S (2007). Unexpected diversity within the Javan slow loris trade: implications for slow
loris taxonomy. Contrib Zool 76:187–196
Nekaris KAI, Jayewardene J (2004) Distribution of slender lorises in four ecological zones in Sri Lanka.
J Zool 262:1–12
Nekaris KAI, Nijman V (2007) CITES proposal highlights threat to nocturnal primates (Nycticebus: Lorisidae). Folia Primatol 78:211–214
Nekaris KAI, Liyanage WKDD, Gamage S (2005) Relationship between forest structure and Xoristic composition and population density of the Southwestern Ceylon slender loris (Loris tardigradus tardigradus)
in Masmullah Forest, Sri Lanka. Mammalia 69:1–10

1C

Biodivers Conserv
Nekaris KAI, Pimley ER, Ablard K (2006) Anti-predator behaviour of lorises and pottos. In: Gursky SG,
Nekaris KAI (eds) Primates and their predators. Springer Press: New York, pp 220–238
Nijman V (2003) Species management plan for the primates of Kayan Mentarang National Park. WWF
Indonesia, Tarakan, pp 159
Nijman V (2006) In situ and ex situ status of the Javan gibbon and the role of zoos in conservation of the
species. Contrib Zool 75:161–168
Nijman V, van Balen S (1998) A faunal survey of the Dieng Mountains, Central Java, Indonesia: distribution
and conservation of endemic primate taxa. Oryx 32:145–156
Pimley ER, Bearder SK, Dixson AF (2005) Home range analysis of Perodicticus potto and Sciurocheirus
cameronensis. Int J Primatol 26:185–201
Rasmussen DT (1986) Life history and behaviour of slow and slender lorises: Implications for the lorisinegalagine divergence. PhD Thesis, Duke University, Durham, North Carolina
Rhadakrishna S, Sinha A (2004) Population survey and conservation of the Bengal slow loris in Assam and
Meghalaya, Northeastern India. Technical Report 1–04 to Margot Marsh Biodiversity Foundation,
USA, pp 31
Rhadakrishna S, Goswami AB, Sinha A (2006) Distribution and conservation of Nycticebus bengalensis in
northeastern India. Int J Primatol 27:971–982
Ratajszczak R (1998) Taxonomy, distribution and status of the lesser slow loris Nycticebus pygmaeus and
their implications for captive management. Folia Primatol 69:171–174
Ravosa MJ (1998) Cranial allometry and geographic variation in slow lorises (Nycticebus). Am J Primatol
45:225–243
Roos C (2003) Molekulare Phylogenie der HalbaVen, SchlankaVen, und Gibbons. Dissertation, Technische
Universität München
Rudd RL, Stevens GL (1992–94) A long-term capture-mark-release (CMR) and removal study of small mammals in Malaysian sub-montane rain forest. Wasmann J Ecol 50:96–150
Shepherd CR, Sukumaran J, Wich SA (2005) Open season: an analysis of the pet trade in Medan, North
Sumatra, 1997–2001. TRAFFIC Southeast Asia. Kuala Lumpur
Schülke O, Kappeler PM (2003) So near and yet so far. Territorial pairs, but low cohesion between pair
partners in a nocturnal lemur, Phaner furcifer. Anim Behav 65:331–343
Schulze H, Groves CP (2004) Asian lorises: taxonomic problems caused by illegal trade. In: Nadler T, Streicher U, Thang Long H (eds) Conservation of primates in Vietnam. Frankfurt Zoological Society, Frankfurt, pp 33–36
Singh M, Lindburg DG, Udhayan A, et al (1999) Status survey of slender loris Loris tardigradus lydekkerianus in Dindigul, Tamil Nadu, India. Oryx 33:31–37
Streicher U (2004) Aspects of the ecology and conservation of the pygmy loris Nycticebus pygmaeus in Vietnam. Dissertation. Ludwig-Maximilians-Universität, München
Steinmetz R, Chutpong W, Seuaturien N (2006) Collaborating to conserve large mammals in Southeast Asia.
Cons Biol 20:1391–1401
Supriatna J, Manansang J, Tumbelaka L et al (eds) (2001) Conservation assessment and management plan for
the primates of Indonesia. IUCN/SSC Conservation Breeding Specialist Group, Apple Valley, MN, p 251
Sutherland WJ (2002) Mammals. In: Sutherland WJ (ed) Ecological censusing techniques. Cambridge
University Press, Cambridge, pp 260–278
van Schaik CP, Ancrenaz M, Borgen G et al (2003) Orang-utan cultures and the evolution of material culture.
Science 299:102–105
Webber C, Nekaris KAI (2004) Survey of primates and other mammals in markets of Indonesia, with an analysis of conditions and health of the animals. Folia Primatol 75:60
Wells K, PfeiVer M, Lakim MB et al (2004) Use of arboreal and terrestrial space by a small mammal community in a tropical rain forest in Borneo, Malaysia. J Biog 31:641–652
Wiens F (2002) Behavior and ecology of wild slow lorises (Nycticebus coucang): social organisation, infant
care system and diet. Dissertation, Bayreuth University
Wiens F, Zitzmann A (2003) Social structure of the solitary slow loris Nycticebus coucang (Lorisidae). J Zool
261:35–46
White L, Edwards A (2000) Methods for assessing the status of animal populations. In: White L, Edwards A
(eds) Conservation research in the African rain forests: a technical handbook. Wildlife Conservation
Society, New York, pp 91–201
Zar JH (1999) Biostatistical analysis. Prentice Hall, New Jersey
Zhang Y, Quan G, Zhao T et al (1992) Distribution of primates (except Macaca) in China. Acta Theriologica
Sinica 12:81–95
Zimmerman E (1985) Vocalisations and associated behaviours in adult slow loris (Nycticebus coucang). Folia
Primatol 44:52–64

1C

