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The IUCN SSC Primate Specialist Group

The Primate Specialist Group is a network of scientists and conservationists who stand against the tide of 

extinction which threatens humanity’s closest kin.

Active throughout the tropical world, working in dozens of nations in Africa, Asia and Latin America, the PSG 

promotes research on the ecology and conservation of hundreds of primate species — monkeys, apes, lemurs and 

their many nocturnal relatives. Now more than ever they need our intervention: one in every four primate species is 

threatened or endangered, and the double hammer of overhunting and forest devastation has brought some species 

to within a few dozen heads of final extinction. 

The PSG works on behalf of these and all other primates by supporting field research, conservation measures and 

educational programs in those regions where primates still occur. The PSG’s primary responsibility is to evaluate the 

conservation status of all primate species and subspecies, working with current information from experts in the field. 

These assessments contribute to the IUCN Red List, a comprehensive summary of threats to the world’s biodiversity. 

In addition, the PSG produces Action Plans targeted to particular species or groups of species. Much larger and 

more detailed than the general assessments, these Action Plans serve to summarize the available knowledge on a 

particular species group and to lay out a program for their conservation. 

Beyond these core functions, the PSG provides a unique forum for scientific publications through the newsletters 

and journals it sponsors, which are widely read by primatologists and often contain the only information available 

on rare and poorly-studied species. The PSG produces a journal or newsletter for each of the four global primate 

regions — Africa, Asia, Madagascar and the Neotropics — as well as an overarching journal, Primate Conservation, 

which publishes research on threatened primates from around the world. 

The PSG is just one of over one hundred and thirty Specialist Groups organized within the framework of the IUCN 

Species Survival Commission, an international alliance of conservationists that produces the IUCN Red List and 

is involved in a range of other conservation initiatives. The IUCN Species Survival Commission is a science-based 

network of more than 9,000 volunteer experts from almost every country of the world, all working together towards 

achieving the vision of, “A just world that values and conserves nature through positive action to reduce the loss of 

diversity of life on earth”.

The PSG’s current incarnation was organized in 1977 by Dr. Russell Mittermeier, a primatologist, herpetologist, 

prominent conservationist and Executive Vice Chair of Conservation International, USA, who has now led the PSG 

as Chairman for more than 30 years. His Deputy Chair is Dr. Anthony Rylands, also at Conservation International. 

The PSG includes a group which specifically deals with conservation issues for the great apes, coordinated by Liz 

Williamson of Stirling University, UK and a number of world-renowned experts who act as regional coordinators for 

the major regions where primates occur (see the current team) besides a further 450 or so members organized by 

interests and geography. 

Last, but by no means least, the PSG has for many years relied on the expert abilities of Stephen D. Nash, Scientific 

Illustrator for Conservation International. His artwork has become an international standard for the illustration of the 

world’s primate taxa, and we are glad to be able to include some of it on our website (www.primate-sg.org), including 

the PSG’s logo on the preceding page.



EDITORIAL: GIBBON TALES

2015 has been proclaimed as the Year of the Gibbon by the IUCN Species Survival Commission Primate Specialist 

Group Section on Small Apes (SSA) and this is resulting in a flurry of activity, helping raise the profile of gibbon 

conservation around the world. Here we report news of four species.

Several releases of Javan Gibbon (Hylobates moloch) have been conducted over the last 12 months. In April alone, 

gibbons from both the Javan Gibbon Center and Aspinall Foundation were released in West Javan forests. These are 

part of longer-term projects, to reintroduce gibbons to locations where they have been extirpated in the past, or to 

reinforce existing wild populations, respectively. SSC considers such translocations will be increasingly needed where 

gibbon populations are depressed and fragmented. Compared with those gibbons lost to deforestation and hunting, 

this small number of reintroduced gibbons may seem insignificant, but they have great symbolic value in our changing 

attitudes to the species: reinforced, at the latest release, by the involvement of the Indonesian President. The process 

has also been used to test new IUCN Best Practice Guidelines for Rehabilitation and Translocation of Gibbons 

(Campbell et al., 2015), launched in June 2015 and available from the SSA website at http://www.gibbons.asia.

A contrasting story comes from eastern Cambodia, where the spectre of PADDD (Protected Area downgrading, 

downsizing and degazettement) has reared its head. For some years conservationists have worked to safeguard the 

Seima Protection Forest (Evans et al., 2013), with some success: securing a home for some one thousand Yellow-

cheeked Crested Gibbons (Nomascus gabriellae) and over 20,000 Black-shanked Douc Langurs (Pygathrix nigripes) 

(Nuttall et al., 2013; Wildlife Conservation Society, unpublished), making it a global stronghold for these species. 

But from early on they had to do some hard thinking, about which forests could realistically be saved with limited 

resources, and which were impossible. Sadly the adjoining Snuol Wildlife Sanctuary, home to some 850 gibbon 

groups (Geissmann et al., 2008), with its ready accessibility to loggers, was one of the latter. Accelerated by a road 

built through the sanctuary in about 2000 (Clements et al., 2014) and a raft of Economic Land Concessions in recent 

years (Matthew Nuttall, in litt.), most of the mature forest in the Sanctuary has now been lost – along with most of its 

gibbons. This must be one of the most dramatic declines in a “protected” ape population.

The world’s rarest ape is the Hainan Gibbon (Nomascus hainanus). The report from the second international 

Hainan Gibbon conservation workshop in March 2014 was recently published (Turvey et al., 2015). Since the first 

international workshop in 2003 the population has doubled (Fellowes et al., 2008; Turvey et al., 2015); this progress 

has even been cited, on a highly selective sifting of the evidence, to claim that continued economic growth is good 

for conservation (Anon., 2013; cf. Czech, 2008; Monbiot, 2014; Miller, 2015). The new report, however, gives a 

gloomy outlook for the species based on a population viability assessment. Still, it’s hoped more people will belatedly 

join in the conservation effort, and various actions have been proposed to improve the chances of success. Its 

sister taxon, the Cao Vit Gibbon (N. nasutus), found on the Sino-Vietnamese border, also shows some signs of 

recovery, with the population increasing between 2007 and 2012 and now around 130 individuals (Fauna & Flora 

International, unpublished). Transboundary action planning has recently concluded and will hopefully lead to ongoing 

status improvements.

Both poverty and affluence have been blamed for the ongoing biodiversity crisis. The truth is more complicated 

and yet more simple; nature declines wherever it is not valued by society, and where human demands on nature 

are not balanced by responsible care. How can the resulting loss of our common wealth be depicted as “economic 

growth”? The language is perverse (Daly, 2015).

So could primatologists be more effective in conserving their study animals? They certainly can’t do it alone. We 

salute all who are fighting their corner, whether to seek best conservation and welfare outcomes for the primates in 

their care, to fend off the direct threats to primate survival, or to engage wider society in this struggle. 

John Fellowes and Ben Rawson
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PRELIMINARY EVIDENCE FOR THE HIRED GUNS 
HYPOTHESIS AND INDIRECT MATE DEFENCE IN 
A WILD GROUP OF MAROON LANGURS Presbytis 
rubicunda (Müller, 1838) IN SABANGAU TROPICAL 
PEAT-SWAMP FOREST, CENTRAL KALIMANTAN, 
INDONESIAN BORNEO
David A. Ehlers Smith

¹ Orangutan Tropical Peatland Project, Centre for the International Cooperation in Sustainable Management of Tropical Peat-

lands, Universitas Palangka Raya, Palangka Raya 73112, Central Kalimantan, Indonesia. E-mail: DEhlersSmith@outrop.com

² Oxford Brookes University, Gipsy Lane, Headington, Oxford OX3 0BP, UK.

ABSTRACT 
Group-living primates enjoy numerous benefits, including effective resource defence from conspecifics in other groups. Re-

source contest often results in intergroup aggression, for which several hypotheses exist to explain its function: direct mate 

defence; direct food-resource defence; indirect food defence via ‘hired guns’; mate attraction via infanticide, and indirect mate 

defence via male resource defence. I studied a focal group of Maroon Langurs Presbytis rubicunda in Sabangau tropical peat-

swamp forest and examined the nature of intergroup aggression. Evidence supported direct mate defence in the majority of 

intergroup encounters. However, given that the resources in this frugivorous population may be defensible, and that most inter-

group encounters occurred within their ‘core range’ of valuable resources, it is likely that the females in the group benefited from 

indirect resource defence as a result of aggression by the male as a ‘hired gun’. The focal group was the subject of a takeover by 

an invading male. The post-takeover home range and core range overlapped pre-takeover ranges by 75% and 43% respective-

ly and post-takeover, the group reused 47% of sleeping trees (N=14), suggesting that the invading male established himself in 

the territory of the resident females, who then continued to use the resources therein. The focal group also fulfilled three criteria 

proposed to predict indirect mate defence via male resource defence in colobine monkeys. Thus, it appears that indirect mate 

defence may have been employed by the invading male to obtain reproductive access to females. This study represents the 

first preliminary evidence for both indirect-resource-defence-via-hired-guns and indirect-mate-defence-via-resource-defence 

hypotheses in the genus Presbytis.

Keywords: aggression, colobinae, hired guns, intergroup encounters, mate defence, resource defence

INTRODUCTION

Living in groups requires gregarious animals to 
coordinate their movements and make daily decisions 
regarding where, when and how to perform specific 
activities, incorporating the varying nutritional re-
quirements and social and reproductive strategies 
of group members (Erhart & Overdorff, 1999; Con-
radt & Roper, 2005; Petit & Bon, 2010; Van Belle et 
al., 2013). Whatever differences in physiological and 
social needs, group-living primates receive numerous 
benefits, including increased vigilance and protection 
from predators, opportunities for social learning, and 
effective resource defence from conspecifics (Conradt 
& Roper, 2003; 2007). 

Indeed, competition for resources can occur be-
tween individuals of different groups, and intergroup 
competition often results in aggression, which can in-
fluence both the behaviour and the social structure of 
primate groups (van Schaik & Janson, 2000), and have 
long-term consequences for individual fitness (Williams 
et al., 2004; Harris, 2010). However, resource com-
petition does not adequately describe all aggressive 
intergroup encounters (IGEs); indeed, several hypoth-
eses exist to explain the function of intergroup aggres-
sion by examining their nature and participants. The 
‘direct food-resource defence’ hypothesis predicts 
that predominantly females cooperatively engage 
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in the aggressive defence of food resources within 
their territory (Wrangham, 1980), as female reproduc-
tive fitness is limited by access to food (Trivers, 1972). 
Alternatively, males can engage in ‘direct mate de-
fence’, as male reproductive fitness is determined by 
access to females (Trivers, 1972; Wrangham, 1980). 
In this scenario, resident males aggressively repel in-
vading males’ attempts at mating, or ‘herd’ females 
away from invading males, forcing them to stay in the 
center of the group and preventing them from trans-
ferring to other groups (Davies, 1987; Stanford, 1991; 
Steenbeck, 1999). Direct mate defence potentially 
serves a second function of ‘indirect food resource 
defence’ for adult females and their offspring, as by 
repelling extra-group individuals, males are acting as 
‘hired guns’ and securing food resources for other 
members of their group and themselves (Rubenstein, 
1986; Wrangham & Rubenstein, 1986). In an additional 
strategy, an invading male may attempt “mate attrac-
tion via infanticide” by killing the offspring of female(s) 
he is trying to attract, to show the weakness of the 
father in his inability to protect his young, and also to 
rapidly gain reproductive access to females by termi-
nating lactational amenorrhea (Hrdy, 1977; van Schaik, 
1996; Steenbeck, 1999). Finally, males can also en-
gage in ‘indirect mate defence via male resource de-
fence’, by defending resources for a group of females 
in return for reproductive access, either by taking over 
a group of adult females and defending the resources 
from extra-group individuals within their range, or by 
defending a resource patch and attempting to attract 
females (resource defence polygyny; Emlen & Oring, 
1977; Fashing, 2001).

Evaluating the validity of these explanations is prob-
lematic, however, as each hypothesis is not necessarily 
mutually exclusive (Rubenstein, 1986; Fashing, 2001). 
Male participation in aggressive IGEs has been tradi-
tionally viewed as evidence for the mate defence hy-
pothesis, and female participation as evidence for re-
source defence. More recently, however, studies have 
begun empirically testing patterns of male and female 
participation in IGEs, and the results suggest that the 
strategies adopted are highly complex (Fashing, 2001; 
Harris, 2010; Fashing, 2011). Intergroup aggression 
and group takeovers have been particularly well-docu-
mented in African colobine monkeys (e.g. Onderdonk, 
2000; Fashing, 2001; Harris & Montfort, 2003; Sicotte 
& MacIntosh, 2004; Saj & Sicotte, 2005; Sicotte et al., 
2007), and males appear to play an important role in 
food-resource defence, both directly (Fashing, 2001; 
Sicotte & MacIntosh, 2004), and indirectly, as hired 
guns, during direct mate defence (Fashing, 2001). 

Aggression is particularly evident during group take-
over, when a resident male is replaced by an invading 
male. Group takeover is one strategy used by adult 
male colobines to gain reproductive access to females 
(e.g. Rudran, 1973; Saj & Sicotte, 2005; Sicotte et al., 
2007), as many colobine societies are structured into 
single-male multi-female groups (Fashing, 2011; Kirk-
patrick, 2011). Takeovers regularly involve aggression 
between the invading and resident adult male (e.g. 
Davies, 1987; Saj & Sicotte, 2005), and infanticide of 
resident infants by the invading male can occur (Curtin & 
Dolhinow, 1979; Sterck, 1995; Borries, 1997; Borries 
et al., 1999; Onderdonk, 2000; Sicotte et al., 2007). 
In Asian colobine monkeys, typically only males interact 
and show aggression during IGEs (Steenbeck et al., 
1999), often with threatening displays, chases and 
“loud calls” (Steenbeck et al., 1999; Wich & Sterck, 
2010). Such behaviours are not dependent on the 
proximity of food resources (Steenbeck, 1999), and 
this is often viewed as evidence for the mate defence 
hypothesis rather than resource defence hypothesis 
(van Schaik et al., 1992; Reichard & Sommer, 1997). 
Indeed, being folivores, colobine food resources tend 
to be more abundant and evenly distributed than those 
of frugivorous primates, although there is evidence to 
suggest that not all folivores’ food resources are abun-
dant, evenly spread and of low quality (Koenig et al., 
1998; Koenig, 2000; Grueter et al., 2009). However, 
the socioecological model generally assumes frugi-
vores’ food resources to be scarcer, more patchily dis-
tributed, and therefore more defensible than those of 
folivores, meaning that for colobine monkeys, resource 
defence may not play such a crucial role in intergroup 
aggression (Mitani & Rodman, 1979). They may in-
stead defend ‘core ranges’ of frequent use that contain 
particularly valuable resources within their larger home 
range (Oates, 1977). Within Asian colobine socioecol-
ogy, however, the application of both indirect mate de-
fence, and indirect resource defence through the use 
of hired guns, remains largely untested. 

A population of Maroon Langur Presbytis rubicunda 
(Müller, 1838) in Sabangau tropical peat-swamp for-
est, Central Kalimantan is extremely frugivorous, with 
>83% of its annual diet comprising fruit parts (>75% 
comprises seeds, thus making it granivorous) (Ehlers 
Smith et al., 2013). It has the longest day-ranges re-
corded in any “folivorous” primate in their pursuit of 
these fruits (mean 1,645 m/day; Ehlers Smith et al., 
2013b). This offers the potential for investigating the 
effect on intergroup encounter strategy of a preference 
for a more nutritiously valuable (Harrison, 2009 at this 
site), scarce (Ehlers Smith et al., 2013b), and there-
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fore potentially defensible dietary resource (Wrang-
ham, 1980) than is typical in colobine ecology. Despite 
their heavy reliance on seeds, however, this group is 
apparently non-female bonded, as social interactions 
between individuals are virtually absent (Ehlers Smith 
et al., 2013b).  

Presbytis rubicunda is an Asian colobine endemic 
to Borneo (Medway, 1970) and is socially organized 
into single adult male multi-female groups ranging from 
three to ten individuals (Supriatna et al., 1986; Ehlers 
Smith & Ehlers Smith, 2013). Extra-group males form 
all-male bands or range alone (Supriatna et al., 1986; 
Davies, 1987; Ehlers Smith & Ehlers Smith, 2013). 
Group takeover in Presbytis rubicunda has been previ-
ously described from Sepilok, Sabah. In this case, an 
invading male aggressively formed a new group with 
the two nulliparous females of an original group and 
used some 20% of the original group’s territory, while 
the parous female and a small juvenile male stayed with 
the deposed adult male (Davies, 1987). 

Here, I describe the nature of IGEs between a mixed-
sex focal group of P. rubicunda and its neighbouring 
groups, and its subsequent takeover, in Sabangau 
tropical peat-swamp forest, Central Kalimantan. I 
aimed to examine the nature of the aggressive encoun-
ters and group takeover and the behaviour of both the 
new and remaining group members post-takeover, by 
testing the evidence for: direct mate defence; direct 
food-resource defence; indirect food resource defence 
via ‘hired guns’; mate attraction via infanticide and 
indirect mate defence via male resource defence (Table 
1). I predicted that:

1) If only direct mate defence occurred, only males 
should participate in intergroup aggression; male-male 
aggression should most likely be between a resident 
male and all-male bands/single male or incumbent 
males seeking to force females to transfer from one 
group to another, and the resident male should seek 
to protect the resident females and engage in herd-
ing behaviour to separate females and invading males; 
aggressive encounters would be just as likely to occur 
outside the ‘core range’ as inside (the core range is 
defined as the area in which the group spends >50% 
of its time (Ehlers Smith et al., 2013b), and is charac-
terized by a high density of feeding trees (Ehlers Smith 
et al., 2013a) and sleeping trees).

2) If direct food-resource defence prevailed females 
should be more likely to participate in intergroup aggres-
sion; resident females should direct aggression to all 
invading group members, and aggressive encounters 
should be more likely to occur inside the core range. 

3) If indirect resource defence via the ‘hired guns’ 
strategy occurred, resident males should participate 
in intergroup aggression toward extra-group males; 
females should avoid participation in the encounter; 
aggressive encounters should be more likely to occur 
within the core range.

4) If mate attraction via infanticide occurred, invading 
males should act aggressively toward resident females 
and attempt to kill their offspring; females with infants 
should attempt to avoid IGEs and behave defensively, 
and females would transfer to invading males that suc-
cessfully achieved infanticide.

5) If indirect mate defence via male resource defence 
occurred, resident males should participate in inter-
group aggression toward extra-group members; the 
male should defend resources within the territory for 
the benefit of the females to use. 

METHODS

Study site and study subjects

The study was conducted as part of the Orangutan 
Tropical Peatland Project (OuTrop) – Center for the 
International Cooperation in Sustainable Management 
of Tropical Peatlands (CIMTROP) multi-disciplinary re-
search project in the Natural Laboratory for the Study 
of Peat-swamp Forest. This is a 500 km² area within 
the Sabangau tropical peat-swamp forest, located 
between the Sabangau and Katingan rivers in Central 
Kalimantan, Indonesia (2°19′S and 113°54′E), and is 
contiguous with a larger landscape covering 8,750 km² 
of ombrogenous tropical peat-swamp forest between 
two major rivers. Detailed descriptions of the study site 
are published in Ehlers Smith & Ehlers Smith (2013).

 The study subjects were a single, mixed-sex 
focal group of P. rubicunda, first identified in May 2010. 
Prior to October 2010, the group consisted of 8 
individuals: 1 adult male, 3 adult females, 1 sub-adult 
male, and 3 very young infant males. In October 2010, 
the sub-adult male emigrated from the group. In July 
2011, one of the adult females died and her juvenile 
offspring disappeared less than a month later. Thus, 
from July 2011 until the group was taken over by an 
invading male in May 2012, the group consisted of 5 
individuals: the adult male, 2 adult females, and 2 
juvenile males. Post-takeover, the group consisted of 
3 individuals: the new invading male, and the 2 remaining 
adult females.
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Data collection

We habituated the focal study group, Group KB, 
between May and December 2010, to the stage where 
reliable feeding (Ehlers Smith et al., 2013a), rang-
ing and behavioural data (Ehlers Smith et al., 2013b) 
could be recorded. From January 2011, we recorded  
instantaneous focal behavioural data every 5 minutes 
on a single adult female of the group (Altmann, 1974). 
We selected an adult female as the focal target before 
the beginning of the follow on the basis of ensuring an 
even balance between focal individuals and minimizing 
observer bias (Ehlers Smith et al., 2013a, b). This 
individual was then closely followed for the rest of the 
day. Focal females were readily identifiable by individual 
distinguishing characteristics of overall body sizes, 
nipple lengths and shape of tails (Ehlers Smith et al., 
2013a). Using a team of two researchers, we recorded 
behavioural and ranging data including 1) primary be-
haviours (feeding, resting, traveling, social behaviours); 
2) secondary behaviours (how the primary behaviour 
was achieved); 3) vocalizations including the loud call 
(a series of “kekekekeke” notes emitted by the adult 
male), alarm calls (a shorter burst of “keke-keke-keke” 
notes, emitted by the adult and sub-adult males, alarm 
“hiccups” (emitted by all members of the group, and 
“purr” (a contact call by the mother to her offspring); 4) 
height of focal animal in tree/bush by 5 m categories 
(1-5 m, 6-10 m etc.); 5) height of tree/bush by the same 
5 m categories, and 6) a GPS location for each instan-
taneous behavioural sample, enumerated uniquely for 
each follow. We recorded continuous feeding data on 
the focal animal (Ehlers Smith et al., 2013a), for which 
we documented the species, food type and food item 
during all feeding bouts ≥ 30 seconds, and tagged, 
enumerated and obtained GPS locations of all feeding 
stems. We similarly tagged, enumerated and obtained 
GPS locations of all morning and evening sleeping-tree 
sites. Data collection was divided between the two 
researchers, with instantaneous behavioural and con-
tinuous feeding data recorded by the first researcher, 
and GPS locations and tree enumeration recorded by 
the second researcher.

 Pre-takeover, we followed the group from 
morning sleeping-tree to  evening sleeping-tree for 
2-11 days each month from January 2011 until May 
2012 with the exception of January and February 2012 
when no data were collected (N=96 sleeping trees; 
mean=6.6 sleeping trees/month), for a total of 1070.9 
hours (N=15 months; mean=71.4±SD 26.6 hour/
month). Post-takeover, data collection occurred in all 
months between May 2012 and July 2013 with the 
exception of January, February and May 2013. 

We followed the group from morning sleeping-tree to 
evening sleeping-tree for 1-11 days of those months 
(N=41 sleeping trees; mean=4.9 sleeping trees/month 
of data collection), for a total of 441.4 hours (N=11 
months; mean=29.4±SD 30.5 hour/month of data 
collection).

Data analysis

Intergroup encounter locations within home range 
and core range of Group KB

 I defined an intergroup encounter as an oc-
currence of 2 groups within 50 m of each other (Oates, 
1977; Stanford, 1991). We obtained a GPS location at 
the onset of each intergroup encounter, and then at 
subsequent locations on the 5 minute instantaneous 
sample during encounters that lasted for longer than 5 
minutes. I then converted these locations into ArcGIS 
shapefiles and overlaid them with the home range and 
core range of Group KB (90% and 50% volume con-
tours, respectively, as determined using the Smooth 
Cross-Validation bandwidth estimator in kernel density 
estimates; Ehlers Smith et al., 2013b), to examine any 
patterns of interactions within these localities. Finally, 
I separated the locations involving encounters with 
known mixed-sex groups and all-male groups.

Post-takeover reuse of resources 

I calculated the home-range and core-range use by 
Group BD post-takeover using the Geospatial Mode-
ling Environment suite v.0.7.1.0 and the Smooth-Cross 
Validation bandwidth (Beyer, 2012) to create a kernel 
density estimate of range utilization distribution, and 
selected 50% and 90% volume contours to represent 
the core range and home range, respectively (Ehlers 
Smith et al., 2013b). I then calculated the degree of 
overlap between the range-use by Group BD as a per-
centage of that used previously by Group KB (Ehlers 
Smith et al., 2013b). 

To test for the defence of resources post-takeover, 
the home-range and core-range area, and suitable 
sleeping tree resources therein, should be reused. 
Sleeping-tree sites can be considered a defensible 
resource, as the abundance and selection of suit-
able sites can impact individuals’ survival chances 
(Lutermann et al., 2010; Phoonjampa et al., 2010). 
Primates are often highly selective in their choices of 
sleeping-tree sites, as their locations and distributions 
can influence ranging patterns and foraging decisions 
(Spironello, 2001), and also offer protection against 
predators (Chapman, 1989). Individual trees are often 
reused if characteristics such as predator protection, 
structural safety and proximity to food resources are 
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desirable (Heymann, 1995; Reichard, 1998; Di Bitetti 
et al., 2000; Radespiel et al., 2003). To investigate 
sleeping site reuse post-takeover, I compiled a list of 
all sleeping tree tag numbers representing usage by 
both groups, and calculated the percentage of reuse 
by Group BD.

Location of feeding and sleeping tree sites

To analyze the locations of feeding and sleeping 
trees, I converted all GPS points of feeding and sleeping 
tree locations for Group KB into GIS shapefiles using 
the DNR GPS program v.6.0.0.11 (DNR, 2011) and 
projected all shapefiles into the UTM WGS_1984 49S 
coordinate projection. I used the Geospatial Modeling 
Environment suite v.0.7.1.0 and the Smooth-Cross 
Validation bandwidth (Beyer, 2012) to create a kernel 
density estimate of the feeding tree utilization distribution, 
and selected a 50% volume contour to represent the 
feeding tree core-range. I then overlaid this core range 
with the focal group’s total home- and core-range 
area, as determined previously through 90% and 50% 
volume contours (Ehlers Smith et al., 2013b), and cal-
culated the percentage of overlap of these respective 
ranges. I also overlaid the sleeping tree sites with the 
core home- and feeding-ranges to calculate percentage 
of sleeping trees located within these localities.

RESULTS

Intergroup encounters between Group KB and other 
groups prior to takeover

A total of 13 IGEs were recorded between Group 
KB and other groups across 9 of the 15 months at a 
rate of 1 encounter per 82.4 observation hours Fig. 1 
and Fig. 2a. Of these, 85% (N=11) were with neigh-
bouring mixed-sex groups: 46% of encounters (N=5) 
occurred with Group GC to the east of Group KB’s 
home range; 27% (N=3) occurred with Group GN to 
the west; 18% (N=2) occurred with Group TD to the 
south, and a single encounter occurred with Group TN, 
also to the south. Two encounters occurred with an 
all-male group consisting of two unknown adult males, 
deep within the western portion of the Group KB’s 
core range Fig. 2a. In the first case, on 11 October 
2011, Group KB had climbed into an evening sleep-
ing tree and two unknown males approached from the 
west loud calling. No individuals of Group KB offered 
response and the two males retreated in the direction 
they had come. In the second case, on 10 May 2012, 
an adult male approached as Group KB were entering 
their evening sleeping tree in a similar location to the 
first case. The invading male was aggressively chased 
off by the resident male of Group KB, and no other 
member of the group responded.

Key: Solid=encounter with a mixed-sex group; Cross-hatch=encounter with an all-male group

Fig. 1. Frequency of intergroup encounters between Group KB and other groups of Presbytis rubicunda 
across the study period in Sabangau Tropical Peat-swamp Forest between January 2011 and May 2012.
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Aggression, herding and protective behaviours 
during IGEs

A total of 69% of encounters (N=9) involved aggres-
sive chases by the adult males, and 85% of all encoun-
ters (N=11) involved loud calls. Only the adult males 
vocalized during IGEs. Two of these encounters lasted 
longer than 5 minutes across multiple locations: >20 
minutes with Group GN and >15 minutes with Group 
TN (Fig. 2a). Both of these prolonged IGEs were ag-
gressive, resulted in the retreat of the invading group, 
and occurred outside the core range.

Adult females were not recorded to instigate any 
aggressive chases, but were the recipients of aggres-
sive chases from extra-group males in 23% (N=3) of 
encounters. 69% of all encounters occurred within the 
core range (N=9), and of these, 78% involved aggressive 
chases (N=7), and the invading groups retreated. 78% 
of encounters in the core-range were with mixed-sex 
groups (N=7), and of the two encounters with all-male 
groups within the core-range, one was aggressive (Fig. 
2a). 

Herding behaviour was not recorded during any in-
tergroup encounter; however on 10 May 2012, herding 
behaviour was recorded prior to, but not during, an 
encounter with an unknown male. On 14 May 2012, 
the adult male was once again recorded herding Adult 
Female 1 and loud calling, but no physical contact was 
observed. No IGEs or other groups were recorded in 
proximity to the focal group on this day. 

Occurrence of adult male takeover

On 10 May 2012, we recorded the adult male of 
Group KB multiple times throughout the day approach-
ing and running in a circular direction around both adult 
females of the group whilst loud calling. We recorded 
no physical contact but the females were positioned 
increasingly close to each other as the male ran around 
them, indicating a herding behaviour. Later that day, an 
unknown adult male approached Group KB, but was 
aggressively chased away by the resident adult male. 
After an encounter with Group TD on 15 May 2012, 
Group KB was no longer seen as a complete unit and 
the group was not encountered for the next four days. 
However, the composition of Group TD remained un-
changed. 

On 20 May 2012, we encountered and followed 
the two adult females travelling alone. Upon the next 
encounter with the adult females on 6 June 2012, a 
new, unhabituated adult male was seen travelling with 
the group. This new male was reluctant to approach 

the research team but maintained proximity to the two 
adult females for most of the day. We subsequently fol-
lowed this new group (named Group BD) over the fol-
lowing days, during which many loud calls were heard 
by both the new male and other males across the 
original territory of Group KB. Group BD now occupied 
the original territory and was using 8 of the established 
sleeping trees originally used by Group KB.

Between 27 and 29 May 2012, we encountered and 
followed the original adult male travelling with the two 
juvenile males of Group KB in the extreme south-east 
of their original territory and recorded a wound on the 
adult male’s right leg. On 9 June 2012, we recorded 
new wounds across the lower right abdomen and right 
leg. By 14 June 2012, the youngest juvenile was no 
longer recorded with the adult male and elder juvenile. 
The deposed males were using only the south-eastern 
portion of their original home-range.

Sleeping site selection

Group KB regularly revisited sleeping sites. We 
recorded 47 different individual trees used as sleeping 
sites over 96 follows that resulted in a sleeping tree. 
Nineteen sleeping trees were reused (40% reuse, 
range 2-9 revisits per tree). Group KB were highly 
selective in their choice of sleeping tree, using only 
11 species of a total 200 that are available (~5%; S. 
Husson, unpublished data) (Aglaia rubiginosa [Hiern] 
Pannell, Calophyllum sclerophyllum Vesque, Com-
bretocarpus rotundatus [Miq.] Danser, Dactylocladus 
stenostachys Oliv., Dipterocarpus borneensis Slooten, 
Dyera polyphylla [Miq.] Steenis, Koompassia malac-
censis Benth., Nephelium lappaceum L., Palaquium 
leiocarpum Boerl., Shorea teysmanniana Dyer ex 
Brandis, Xylopia fusca Maingay ex Hook.f. & Thomson; 
N=47 trees, mean height 21-25 m, range 16-30 m; 
mean DBH=56.6±SD 21.8 cm, range 27-96 cm).

 Group BD similarly revisited their sleeping 
sites. We recorded 30 different individual trees used as 
sleeping sites over 41 follows that resulted in a sleeping 
tree. Seven sleeping trees were reused (23.3% reuse, 
range 2-6 revisits per tree). They selected 8 species for 
use as sleeping trees (some ~4% of those available; 
S Husson et al., unpublished data), including Calo-
phyllum sclerophyllum, Combretocarpus rotundatus, 
Dactylocladus stenostachys, Dipterocarpus borneensis, 
Koompassia malaccensis, Mezzettia parviflora Becc, 
Shorea teysmanniana, and Tetramerista glabra Miq. 
(N=41 trees, mean height 21-25 m, range 21-30 m; 
mean DBH=54.1±SD 20.1 cm, range 28-83 cm). 
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 As the focal individuals were solely adult 
females the sleeping tree reuse is reflected as such, 
with all adult females and their offspring using the 
same sleeping site. It is worth noting, however, that 
the adult male consistently slept separately, in trees 
located within 10 m of the group’s sleeping site.

Resource use, reuse and overlap 

The total home range and core range of Group BD 
was 85.0 ha and 32.7 ha, respectively, and the total 
home range and core range of Group KB was 108 
ha and 47 ha, respectively. The home range and core 
range of Group BD overlapped with that of Group 
KB by 75% and 43%, respectively (Fig. 2b). The core 
feeding-range used by Group KB constituted 36.6 ha, 
and overlapped with their core home-range by 79% 
(Fig. 3a). Of the 47 sleeping trees recorded in use by 
Group KB, 77% (N=36) were located within the core 
home-range, and 71% (N=32) occurred within the core 
feeding-range (Fig. 3b). Of 30 sleeping trees recorded 
in use by Group BD, 14 of them were also those of 
Group KB (47%).

DISCUSSION

Resource use

Post-takeover, Group BD maintained ~75% of 
Group KB’s original home range and ~45% of their 
original core range (Fig. 2b); 47% of the sleeping tree 
resources were reused by Group BD. Sleeping site 
choice appeared to be highly selective in both groups, 
ith only ~4-5% of species used as sleeping trees in 
comparison to the total species available (E. Husson et 
al., unpublished data). This is the first detailed descrip-
tion of sleeping site selection by P. rubicunda. Sleeping 
tree sites were selected within both the core feeding- 
and core home-range area in >70% of cases (Fig. 3b). 
Both their locations and percentage of reuse support 
the theory that sleeping sites are defensible resources 
that play an important role in primate ecology, by facili-
tating predator avoidance (Reichard, 1998; Radespiel 
et al., 2003) and maintaining proximity to food resources 
(Chapman, 1989; Li et al., 2013). It is also worth not-
ing that no other groups were ever  recorded using a 
sleeping tree established by the focal group.

All sleeping trees were representative of the tallest 
genera found in this habitat sub-class of Sabangau 
(Page et al., 1999; Morrogh-Bernard et al., 2003). Sa-
bangau was subject to legal logging concession un-
til the early 2000s (Page et al., 1999; Husson et al., 

2002; Page et al., 2009), which targeted the largest 
and most economically valuable genera (e.g. Shorea 
spp., Dipterocarpus spp., Husson et al., 2002). Since 
legal concession ended, illegal loggers took over and 
were less discriminate in the species extracted, instead 
targeting all large trees regardless of genus (Page & 
Reiley, 2005). Consequently, suitable sleeping sites 
are less available, and therefore represent important 
resources to be defended at this site. This, in turn, has 
long-term conservation implications since the selection 
of sleeping sites can impact each individual’s chances 
of survival and reproductive success (Lutermann et al., 
2010; Phoonjampa et al., 2010).

Intergroup encounters

Intergroup encounters were fairly evenly spread 
across the study period and involved mixed-sex 
groups in the majority of cases (Fig. 1). Adult males 
were the only aggressors, although adult females were 
occasionally the recipients of invading male aggres-
sion. The male-initiated aggression appears to affirm 
the first prediction that resident males would respond 
aggressively to invading males in the pursuit of direct 
mate defence. In the cases of invasions by single 
males or all-male bands, this prediction is particularly 
supported. Resident females were chased by invad-
ing males in several of the aggressive encounters, and 
in each case sought to avoid and flee the aggression. 
In most cases, the aggressive invading male held ten-
ure of a mixed-sex group, which may have indicated 
an attempt to force the resident females to transfer 
groups. In each case, the resident male intervened to 
chase away the aggressor, and in at least one case, 
he appeared to herd his females before an aggressive 
encounter occurred. This provides further evidence for 
the first prediction that direct mate defence was the 
motivation behind the aggression.

Hired guns, resource reuse and indirect mate 
defence

One must be cautious when inferring evidence for 
hypotheses based on small sample sizes, such as 
those in this study. There is, however, the possibility for 
further explanation of the strategies employed, given 
that a) the main aggressors were males holding tenure 
over a mixed-sex group, and b) ~70% of aggressive 
encounters occurred in the core range of the focal 
group (Fig. 2a). Fruit is generally assumed to be 
more defensible than other food resources (Wrang-
ham, 1980), and in the pursuit of fruit, which is rarer, 
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Note: the IGEs in the extreme top left (GN circle) and bottom right (TD circle) were respectively 20 minutes and 

15 minutes in duration; thus multiple localities were recorded.

Fig. 2. Location of a) intergroup encounters between Group KB and surrounding groups of Presbytis 
rubicunda within the home range (90% density contour volumes) and core range (50% density 
contour volumes; Ehlers Smith 2013b) of Group KB between January 2011 and July 2012; and b) 
overlap of the core and total home-ranges of Group BD (light grey) and Group KB (dark grey) post-
takeover between June 2012 and September 2013.
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Fig. 3. Location of a) all feeding trees used by Group KB, core feeding-range (50% density contour 
volume) and overlap with core home-range; and b) all sleeping trees used by Group KB and overlap 
with core feeding- and home-ranges between January 2011 and May 2012 in Sabangau Tropical 
Peat-swamp Forest.
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more patchily distributed and of high nutritional value, 
this population has the highest day-range length re-
corded in any folivorous primate  (I refer here to the 
morphological adaptations of P. rubicunda, rather than 
the clearly granivorous nature of the study population; 
Ehlers Smith et al., 2013b). Evidence suggests that 
adult females lead group movements in their pursuit 
of nutrition (Salafsky, 1988; Stanford, 1990). Thus, fe-
males may have led their groups into the core range of 
Group KB to obtain high quality food resources, and 
incited aggressive IGEs between the resident and in-
vading males. However, the second prediction that re-
source defence was the motivation behind aggression 
is not supported, as no females from either the resident 
or the invading groups participated in the aggression 
at any time. Instead, there is support for the third pre-
diction that females may have benefitted from indirect 
resource defence, as males aggressively defended the 
females in their territory, and in turn, acted as hired 
guns in the defence of food resources in the core areas 
(Rubenstein, 1986). To the best of my knowledge, this 
represents the first preliminary evidence for this strat-
egy in the genus Presbytis. Home-range data from the 
neighbouring groups, including the location and nature 
of IGEs, are unfortunately lacking here, but may fur-
ther elucidate the context of encounter strategies and 
should be considered a priority for further research.

Again, with respect to caution when inferring support 
for a hypothesis based on a small sample size, there 
may also be preliminary evidence for the fifth prediction 
of indirect mate defence via male resource defence, as 
provided by the tenure change. After the successful 
deposal of the resident male of Group KB, the females 
transferred to the invading male, who then established 
tenure in the deposed male’s territory and proceeded 
to defend ~75% of the original area and ~50% of the 
sleeping tree resources therein for the females to con-
tinue to reuse. Male-male aggression appeared to 
continue between the deposed and the invading adult 
male post-tenure change as new wounds were record-
ed in conjunction with a high frequency of loud calling 
for several days, indicating that tenure and territory had 
been aggressively established, and providing evidence 
for resource defence polygyny (Emlen & Oring, 1977). 
This formation of a group that contained the adult and 
juvenile males post-tenure-change is consistent with 
that reported in Sepilok, Sabah (Davies, 1987) where 
the deposed male maintained tenure of his parous fe-
males and his juvenile male offspring, and is likely a 
result of the independent status of the juveniles from 
their mothers.

 Fashing (2001) presents a hypothesis to pre-
dict when male primates living in single-male multi-fe-
male groups are expected to employ the indirect mate 
defence strategy that describes 3 criteria: 1) “food 
must be limited and distributed in defensible patches 
(Wrangham, 1980; van Schaik, 1989); 2) groups must 
include relatively small numbers of females and/or fe-
males exhibiting oestrous asynchrony so that the fe-
males are virtually reproductively monopolizable; 3) 
females are expected to choose to mate with males 
that defend resources, and to transfer to other groups 
once the male in their group begins to defend resourc-
es poorly” (Fashing, 2001, 227-228). In the Sabangau 
population of P. rubicunda, each of these criteria are 
fulfilled, which strengthens the evidence found in the 
small sample size provided, and further supports the 
fifth hypothesis. Criterion 1 is fulfilled given that seeds 
and fruit parts constitute >80% of the annual diet 
(Ehlers Smith et al., 2013a) and that the focal group 
has the largest day range recorded in any ‘folivorous’ 
primate (mean 1,645 m per day; max 2,041 m per day), 
apparently in the pursuit of fruits (Ehlers Smith et al., 
2013b). Criterion 2 is also fulfilled given females do not 
exceed 3 individuals per group (Ehlers Smith & Ehlers 
Smith, 2013) and females do not exhibit oestrous syn-
chrony (DA Ehlers Smith, unpublished data). Evidence 
for criterion 3 is provided in the group takeover and 
transfer of the females to the invading male. Thus, this 
study also represents the first preliminary evidence of 
indirect mate defence via male resource defence in the 
genus Presbytis to the best of my knowledge.

Conclusions

The evidence for direct mate defence as the moti-
vation for aggressive IGEs was supported in the ma-
jority of cases. However, given that resources in this 
population may be defensible, and that most of the 
aggressive encounters occurred within the core range 
of the focal group, it is likely that the females of the 
group further benefited from indirect resource defence 
as a result of the aggressive protection provided by 
the resident male as a hired gun. Post-takeover, the 
invading male established himself in the territory of the 
resident females, who then continued to use the re-
sources therein. The study group fulfills the 3 criteria 
proposed by Fashing (2001) to predict indirect mate 
defence; thus, there is also preliminary evidence for in-
direct mate defence by the invading male in his pursuit 
of reproductive access to females. The findings of this 
study are consistent with the assertion that the hypoth-
eses seeking to explain the nature of intergroup ag-
gression in primates are not mutually exclusive.
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Table 1. Overview of hypotheses to explain the nature of intergroup encounters, and evidence for the predic-
tions in this study.

Hypothesis Prediction Evidence

1: Direct mate defence Only males should participate in inter-
group aggression; male-male aggres-
sion should most likely be between a 
resident male and all-male bands/single 
males; resident male should seek to 
protect the resident females, engage in 
herding behaviour; aggressive encoun-
ters just as likely to occur outside core 
range as inside

Yes - adult males were the only ag-
gressors; aggression occurred be-
tween the resident group and all-male 
bands; apparent herding of females 
before aggressive encounter occurred 
but majority (~70%) of aggressive en-
counters occurred inside core range

2: Direct food defence Females should be more likely to partic-
ipate in intergroup aggression; resident 
females should direct aggression to all 
invading group members, and aggres-
sive encounters should be more likely to 
occur inside the ‘core range’

No

3: Indirect food defence via 
hired guns

Resident males should participate in 
intergroup aggression toward extra-
group males; aggressive encounters 
should occur within the core range; no 
female participation

Yes - main aggressors were males 
holding tenure over a mixed-sex 
group; majority of the aggressive en-
counters occurred in core range of the 
focal group; no female participation in 
aggressive encounters

4: Mate attraction via 
infanticide

Invading males should act aggressively 
toward resident females and attempt to 
kill their offspring; females with infants 
should attempt to avoid IGEs and be-
have defensively, and females would 
transfer to invading males that success-
fully achieved infanticide

No

5: Indirect mate defence via 
male resource defence

Resident males should participate in 
intergroup aggression toward extra-
group members; the male should de-
fend resources within the territory for 
the benefit of the females to use

Yes - after deposal of the resident 
male, transference of females to in-
vading male who established tenure 
in the deposed male’s territory where 
reuse of resources occurred
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ABSTRACT
Tropical rainforests on Borneo are rapidly shrinking due to human activities and related fires. Monitoring wildlife populations in 

their remaining habitats is crucial for developing effective conservation strategies. In 2012, we conducted surveys in Balikpapan 

Bay within the Sungai Wain forest, Indonesia, to estimate the population density of Maroon Langur Presbytis rubicunda (Müller, 

1838). We surveyed Sungai Wain’s primary core area using distance sampling of line transects, and assessed the vegetation 

structure using 100 m2 square plots. We calculated density of P. rubicunda at 5.35 groups/km2 (95% CI=3.4-8.43). Cluster size 

ranged between two and eight individuals and group size averaged 5.2 individuals (SE=1.4). The habitat within the core area of 

Sungai Wain appears suitable to support a high density of this colobine. Anthropogenic activities in the surrounding areas, as 

well as encroachment and illegal logging within the regenerating habitat, could become threats for P. rubicunda in Sungai Wain. 

This forest represents an important refuge for this primate in Balikpapan Bay. We recommend further surveys in degraded and 

regenerating forests to quantify the remaining suitable habitat for P. rubicunda in East Kalimantan.

Keywords: Colobinae, conservation, distance sampling, habitat, langur, refuge

INTRODUCTION

Tropical rainforests in Southeast Asia have de-
creased massively since 1990 (Stibig et al., 2014). For 
example, between 2000 and 2010 the total forested 
area on Borneo decreased by 12% with a mean an-
nual forest cover loss of 1.3% (Miettinen et al., 2011). 
Human activities such as logging, mining, habitat con-
version for oil palm plantations, as well as an increase 
in magnitude of El Niño droughts and fires, are the driv-
ing causes of deforestation (Curran et al., 1999; Sodhi 
et al., 2004). Except for the Maroon Langur Presbytis 
rubicunda (Müller, 1838), all endemic primates of Bor-
neo are considered threatened, and are classified as 
either Vulnerable, Endangered or Critically Endangered 
by the International Union for Conservation of Nature 
(IUCN) Red List of Threatened Species (IUCN, 2013). 

Presbytis rubicunda is believed to be widespread and 
may persist in degraded habitats; however, the popu-
lation is decreasing due to habitat loss and hunting 
for medicine (Nijman & Meijaard, 2008). Densities of 
P. rubicunda in Kalimantan differ across habitats and 
study sites (Davies, 1984; McConkey & Chivers, 2004; 
Marshall, 2010; Nijman & Nekaris, 2012; Ehlers Smith 
& Ehlers Smith, 2013), but in disturbed habitats or at 
high elevations (>750 m) group densities of this spe-
cies generally decrease and populations may not be 
viable (Blouch, 1997; Marshall, 2010).

In 2012, we conducted a survey in the Sungai Wain 
Protection Forest (SWPF), Indonesia. The SWPF is lo-
cated within Balikpapan Bay, a large lowland ecosys-
tem that extends to the Mahakam River, about 70 km 
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north of Sungai Wain (Wilson & Wilson, 1975; Stark et 
al., 2012). Part of the forest outside the SWPF was al-
ready selectively logged and encroached upon by hu-
mans in the 1970s (Wilson & Wilson, 1975), and was 
later affected by the El Niño fires in 1982-83 (Cleary & 
Genner, 2004). In 1998, subsequent fires were started 
at a nearby logging concession and quickly spread 
inside the SWPF (Fredriksson, 2002). The 1998 fires 
caused further change in the forest structure, reducing 
the primary habitat to a 40 km2 core area. Most of the 
core area’s surrounding habitat consisted of burned 
forest, with intact fragments along rivers (Fredriks-
son, 2002). It is likely that during and after the fires, 
primates and other animals relied on these intact frag-
ments and the core area for refuge, thus altering their 
density and ranging patterns (S. Lhota, pers. comm.). 
Over the subsequent seven years following the 1998 
fires, the vegetation structure and species composition 
of burned areas changed substantially (Fredriksson et 
al., 2006; Slik et al., 2011). Pioneer species such as 
Macaranga gigantea (Rchb.f. & Zoll.) Müll.Arg. domi-
nated the landscape (Slik et al., 2008). Canopy cover 
and tree diversity began to increase in more recent 
years, and in 2010 there were indications that Malayan 
Sun Bears Helarctos malayanus (Raffles, 1821) were 
gradually moving back to the regenerating forest (Fre-
driksson et al., 2012).

 According to the IUCN Red List of Threatened 
Species, the average density of P. rubicunda across 
Borneo is estimated to be 2.6 (SD ± 1.4) groups/km2 
(Nijman & Meijaard, 2008). No density estimate is avail-
able for P. rubicunda in the SWPF prior the 1998 fires; 
but surveys conducted there in 1999-2005 indicated a 
high density of this primate, with 3.3 groups/km2 (Nij-
man & Nekaris, 2012). The aim of our study was to 
obtain a new population density estimate of P. rubi-
cunda in the SWPF and identify possible conservation 
threats to the population present in the area. We also 
hope that our data help encourage local and national 
authorities to increase their efforts to protect the re-
maining forests of this region.

METHODS

We acquired all the relevant permits and visas for 
the research from the Indonesian State Ministry of Re-
search and Technology (RISTEK), adhering to Indone-
sian legislation. Our research was purely observational 
in nature. We collected data between May and July 
2012. 

Study area

The SWPF (S1°16’, E 116°54’) occupies an area of 
approximately 100 km2 (Fig. 1), and is located within 
the administrative area of Balikpapan, Kalimantan’s 
second largest city and the second major oil produc-
tion and commerce centre in Indonesia. The SWPF is 
categorised as Hutan Lindung, meaning that it does 
not have official protection but was established to be 
managed as a water catchment area for the oil compa-
ny ‘Pertamina’ in Balikpapan. The SWPF is part of the 
Balikpapan Bay ecosystem, which consists of a net-
work of freshwater rivers, marine waters, mangroves, 
dipterocarp as well as other non-mangrove forests 
(Stark et al., 2012). It is characterised by high biological 
diversity, and taxa present in Balikpapan Bay include 
Sunda Clouded Leopard Neofelis diardi (G. Cuvier, 
1823), Proboscis Monkey Nasalis larvatus (Wurmb, 
1787) and the Critically Endangered Mahakam River 
subpopulation of Irrawaddy Dolphin Orcaella breviro-
stris (Owen in Gray, 1866). Road construction, logging 
and the increase in magnitude of fires due to defor-
estation are major conservation threats in Balikpapan 
Bay, as animal populations and habitats are becom-
ing increasingly fragmented. At present, the SWPF’s 
core area is the largest lowland primary forest left in 
the south-eastern part of East Kalimantan (Fredriks-
son, 2002). 

The study site (20 km2) lies within the northern part 
of the primary forest within the 40 km2 core area. We 
used a system of thirteen parallel-line transects, which 
were already established prior to our study. The tran-
sects were set 70-600 m apart (average=286.8 m, 
SD=121.1) and were 1.70-2.06 km in length (Aver-
age=1.99 km, SD=0.11). The forest within the transect 
system was a mixture of humid and dry hilly diptero-
carp forest, with occasional small swamp forest patch-
es. The average annual rainfall in the SWPF is 2790 
mm (Simbolon et al., 2012).

Study species

Presbytis rubicunda is a medium-bodied, gracile ar-
boreal colobine (males 6.3 kg, females 6.0 kg; Davies 
& Payne, 1982) endemic to the island of Borneo and 
the adjacent Karimata Island (Nijman & Meijaard, 
2008). They live in single-male, multi-female groups 
ranging from 3 to 12 individuals (Supriatna et al., 1986; 
Davies, 1987; Ehlers Smith & Ehlers Smith, 2013), 
and extra-group males typically form all-male bands 
or travel alone (Davies, 1987; Ehlers Smith & Ehlers 
Smith, 2013). Presbytis rubicunda has been observed 
mainly feeding on fruits, seeds and young leaves, with 
the proportions of consumption of these items vary-
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ing across sites (Supriatna et al., 1986; Davies et al., 
1988; Davies, 1991; Marshall, 2004; Hanya & Bernard, 
2012; Ehlers Smith et al., 2013b). Home ranges of this 
species were reported at a number of sites, ranging 
from 0.33 ha in Tanjung Puting (Supriatna et al., 1986) 
to 108.3 ha in Sabangau Forest (Ehlers Smith et al., 
2013a)

Transect surveys 

To monitor wild population trends over time and 
understand changes in ecological patterns, repeat-
ed surveys must be conducted using standardised 
methods. The importance of repetitive surveys using 
identical methods to identify a population trend is high-
lighted by previous studies (Mitani et al., 2000; Mbora 
& Meikle, 2004). Distance sampling is based on the 

detection function g(y), i.e., the statistical probability of 
seeing an object at a ≥0 m distance from the transect 
line (Buckland et al., 2001), and is considered an ef-
fective method for estimating and monitoring densities 
of various taxa, such as deer (Focardi et al., 2005), 
birds (Marques et al., 2007) and primates (Johnson et 
al., 2005; Ehlers Smith & Ehlers Smith, 2013). Analy-
sis with the program DISTANCE (Thomas et al., 2010) 
enables users to choose different parameters to obtain 
a fit between the statistical model and the survey data. 

We estimated population density of P. rubicunda 
using distance sampling on line transects (Buckland et 
al., 2001; Thomas et al., 2010). We walked thirteen 
parallel transects in two or three teams simultaneously, 
maintaining >750 m distance between teams during all 

Fig. 1. Map and location of study site.
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surveys. All team members conducted prior practice 
surveys and one week of training on data collection 
with an established survey protocol. During surveys we 
measured distances visually, as the use of laser range 
finders could not provide us with true distances be-
cause of the dense structure of the forest. To ensure 
that distances were recorded precisely and to reduce 
researcher bias, we carried out distance training with 
the aid of a measuring tape and laser range finder eve-
ry 4-5 days throughout the study period.

At each detection of P. rubicunda we collected the 
following data: group size, group spread, distance 
between the observer and the centre of the group, 
compass bearing of the centre of the group and the 
transect (later calculated to angle and then perpen-
dicular distance), height above ground of observed 
animals, group composition and response behaviour 
to our presence. We recorded all data at the animals’ 
initial location. As P. rubicunda is known to split into 
subgroups for foraging during the day (Supriatna et al., 
1986), we considered all animals encountered within 
100 m of the first detection as the same group, thus as 
a single sighting event. We walked two transects per 
team; one in the morning between 06:30 and 11:00 

h and one in the afternoon between 13:30 and 18:00 
h, at an average walking speed of ~1 km/h. We did 
not conduct surveys during midday hours, rainy days 
or strong wind as P. rubicunda becomes less active 
during these periods, thus reducing detectability (DA 
Ehlers Smith, pers. obs.). Where possible, we followed 
and observed the langurs until we could obtain full 
group counts. On 17 of such encounters we were able 
to observe groups gathering and remaining on emer-
gent trees for approximately 20 minutes; thus were 
confident that all animals in the group were counted.

Vegetation sampling

To measure habitat characteristics we established 
73 plots, a sample size considered large enough to 
obtain a good representation of the habitat within the 
study site (Ganzhorn, 2003). Plots measured 10 m x 
10 m, and were systematically located on both sides 
of transect lines at a minimum distance of 30 m from 
each other to ensure sampling independence. To as-
sess vegetation structure we recorded the following 
data: diameter at breast height (DBH) of all the ≥10 cm 
DBH trees, height of all ≥10 DBH trees (measured on 
an ordinal scale: 1-5 m, 6-10 m, etc.) and total number 
of trees (Ganzhorn, 2003; Hamard et al., 2010).

Fig. 2. Estimated detection function for P. rubicunda based on the best model computed in DISTANCE.
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Data analysis

We entered survey data into DISTANCE v. 6.0 
(Thomas et al., 2010), and evaluated a number of mod-
els for selecting the one with the best fit. We analysed 
the survey data using three detection probability func-
tions: uniform, half-normal and hazard rate, with and 
without cosine and simple polynomial adjustments. 
Upon a visual inspection of the sighting distances 
histograms (Fig. 2), we discarded the outermost ob-
servations by selecting a right truncation (32-50.4 m) 
to eliminate obvious outliers (Buckland et al., 2001). 
Cut points were maintained at equal sighting distance 
intervals. We used the Akaike’s Information Criterion 
(AIC) and assessed the delta AIC as an indicator for 
selecting the model (Buckland et al., 2001; Burnham 
& Anderson, 2002). 

To estimate the mean cluster size we used the size-
bias regression computed by the software DISTANCE, 
which tests the observed cluster size against the es-
timated detection probability (Buckland et al., 2001). 
In addition, we considered that mean cluster size 
was likely to be underestimated due to the difficulty in 
detecting all animals in the group during census in a 
dense forest (Hassel-Finnegan et al., 2008). Therefore 
we calculated the average number of individuals/km2 
and abundance both with the mean cluster size (3.88, 
SE±0.25) as well as from the mean group size calcu-
lated from observations where full group counts were 
obtained. 

RESULTS

There was no significant difference in the number of 
observations of P. rubicunda (N1=26, N2=26, N3=17; 
chi-square: χ2(2)=2.348, p=0.309), and in the means 
of estimated perpendicular distances (ANOVA: F(2, 
66)=0.211, p=0.810) across the three survey teams. 
The estimated cluster size did not differ across the 
three survey teams (Kruskal-Wallis: H(2)=0.884, 
p=0.643), as well as across transect lines (Kruskal-Wallis: 
H(12)=19.701, p=0.073). We also found no correlation 
between estimated perpendicular distances and clus-
ter sizes (N=69) (Spearman’s: rs=0.007, p=0.956), thus 
we concluded there was no inter-observer bias in the 
sighting data.

Population density

We surveyed 13 line transects for a total effort of 
207.12 km. During the surveys we observed 69 groups 
of P. rubicunda, with a mean encounter rate of 0.32 
groups/km surveyed (95% CI=0.26-0.40). Observed 
mean cluster size was estimated to be 3.76 individu-
als (SE=0.20). Based on the size-bias regression com-
puted by DISTANCE, the expected cluster size was 
estimated at 3.88 individuals (SE=0.25). All six models 
selected as the potential best ones displayed a delta 
AIC <2 (Burnham & Anderson, 2002). Differences be-
tween Akaike weights were minimal (<0.01). The half-
normal key with cosine adjustments had the lowest 
AIC (195.13) and was thus chosen as the most suit-

Table 1. Density estimates obtained from various models as computed by DISTANCE v. 6.0 

Model 
(adj., RT)

AIC ESW Density 
(groups/km2)

N GOF 
K-S p

GOF 
Chi-sq p

Detection 
Probability

Half-normal 
(C, >50.4 m)

195.13 30.26 5.35
(3.4-8.43,0.23)

415 - 0.461 0.6 
(0.4-0.91, 0.21)

Half-normal 
(>32 m)

424.62 30.04 4.90 
(3.43-7.01, 0.18)

370 0.913 0.477 0.94 
(0.70-1.00, 0.15)

Half-normal 
(SP, 9%)

447.38 30.89 4.92 
(3.74-6.47, 0.13)

374 0.916 0.873 0.91 
(0.78-1.00, 0.07)

Half-normal 
(10%)

437.54 29.33 5.10 
(3.57-7.29, 0.18)

386 0.838 0.366 0.87 
(0.65-1.00, 0.14)

Hazard-rate 
(10%)

437.35 30.56 4.90 
(3.77-6.37, 0.13)

381 0.911 0.491 0.9 
(0.79-1.00, 0.07)

Uniform 
(10%)

436.61 33.82 4.43 
(3.5-5.58, 0.11)

335 0.361 0.438 1.00 
(1.00-1.00, 0.0)

Note: Densities are provided with the 95% confidence interval and the coefficient of variation.
RT=right truncation; AIC=Akaike’s Information Criterion; ESW=effective strip width; N=abundance; GOF K-S 
p=goodness of fit Kolmogorov-Smirnov test; GOF Chi-sq p=goodness of fit Chi-square test; Cos=cosine 
adjustment; SP=simple polynomial adjustment



Asian Primates Journal 4(2), 2014
21

able model. It also showed a high goodness of fit value 
(0.461 chi-square tests of probability), with a detection 
probability of 0.6 (95% CI=0.4-0.91, Table 1). Density 
of P. rubicunda in the 20 km2 pristine dipterocarp forest 
was estimated to be 5.35 groups/km2 (95% CI=3.4-
8.43) and 20.76 individuals/km2 (95% CI=12.97-33.24) 
based on the half-normal/cosine. 

We were able to obtain full group counts on 17 
occasions, from which we calculated the mean group 
size to be 5.2 individuals, and the population density to 
be 27.82 individuals/km2. 

Other primates recorded

In addition to P. rubicunda within the study area we 
observed six individuals (two groups) of Bornean Oran-
gutan Pongo pygmaeus (Linnaeus, 1760), 14 individu-
als (six groups) of Müller’s Gibbon Hylobates muelleri 
Martin, 1841, ≥8 individuals (two groups) of Pig-tailed 
Macaque Macaca nemestrina (Linnaeus, 1766), ≥4 
individuals (two groups) of Long-tailed Macaque M. 
fascicularis (Raffles, 1821) and four individuals (one 
group) of White-fronted Langur Presbytis frontata (Mül-
ler, 1838).

Vegetation sampling

We recorded 653 trees in the primary forest in a to-
tal sampling area of 0.73 ha and computed vegetation 
variables (Table 2). 

Of the total trees recorded, most trees (85%) were 
<20 m tall, a few (15%) were 20-40 m tall and a very 
few (0.2%) exceeded 40 m. The height of P. rubicunda 
above the ground (16-20 m) was significantly higher 
than the median vegetation height (11-15 m) (Mann-
Whitney U=5369.5, p<0.001).

DISCUSSION

Density of P. rubicunda within the 20 km2 primary 
dipterocarp forest in Sungai Wain was relatively high 
within genus Presbytis (Kirkpatrick, 2012). Densities of 
Hose’s Langurs P. hosei (Thomas, 1889) are reported 
to range from 5.5 individuals/km2 in a young second-
ary forest to 18.9 individuals/km2 in primary hill forest 
(Nijman, 2004). A density of 7.8 individuals/km2 was 
estimated for Natuna Island Langur P. natunae (Thom-
as & Hartet, 1894) on Bunguran Island (Lammertink et 
al., 2003), and 13.5 individuals/km2 were reported for 
Mentawai Langur P. potenziani (Bonaparte, 1856) on 
Siberut Island (Watanabe, 1981). 

Compared with previous distance sampling den-
sity estimates of P. rubicunda (Blouch 1997; Marshall, 
2010; Ehlers Smith & Ehlers Smith, 2013), this study 

showed the highest group density to date. Our mean 
group size and group density differ from those reported 
by Nijman & Nekaris (2012), most likely due to differ-
ences in methods of survey design and data analysis 
(Table 3). Our population density estimate, however, 
is comparable to that from the 1999-2005 surveys in 
the SWPF (Nijman & Nekaris, 2012). Thus at present, 
the Sungai Wain population of P. rubicunda appears to 
be stable within the primary forest. In Sarawak, similar 
population densities of P. rubicunda were found in the 
primary dipterocarp forests, where sympatric primate 
species assemblages coincided with those living in the 
SWPF (Blouch, 1997). These data suggest that undis-
turbed dipterocarp forests can support relatively high 
densities of P. rubicunda.

Between 2001 and 2012 it appears that there was 
an increase in tree density within the SWPF’s primary 
habitat, with a slight bias towards larger trees. Our 
overall tree density (≥10 cm DBH) was double that 
found by Slik & Eichhorn (2003) in the same habitat in 
2001. The proportion of ≥20 cm2 DBH trees that we 
found in 2012 was 2.6 % higher than that reported 
by Slik & Eichhorn (2003). These are promising results 
for the conservation of P. rubicunda in the SWPF, as 
large trees represent a significant source of food for 
this colobine (Ehlers Smith et al., 2013b; Ehlers Smith 
& Ehlers Smith, 2013). A relatively high availability of 
large, preferred-food-bearing stems appears to play 
a crucial role for determining the presence of P. ru-
bicunda (Ehlers Smith & Ehlers Smith, 2013). Within 
the mixed-swamp forest in Sabangau, Ehlers Smith et 
al. (2013b) found a positive correlation between fruit-
ing tree DBH and the length of time that P. rubicunda 
spent feeding.

In the SWPF the majority of trees were well below 
15 m high. In Barito Ulu vegetation height was found 
to be higher relative to the SWPF, with the mean height 

Table 2. Vegetation characteristics within the primary 
forest in SWPF. 

Vegetation attributes SWPF primary 
forest*

Mean DBH (cm) 23.8 (± 0.8)

Density (stems/ha) 894.5 (± 27.5)

Proportion of ≥20 cm DBH trees (%) 38.4

Basal area (m2/ha) 59.7 (± 4.6)

Median tree height (m) 11-15

Canopy cover (%) 84.5 (± 1.90)

* Values are given with standard errors.
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Table 3. Comparison of density estimate of P. rubicunda across Borneo. 

Study site Forest type
Pop. density 

(ind/km2)
Group 
size

Survey 
method

Group size 
estimation method

Source

Sungai Wain Protec-
tion Forest, East Ka-
limantan, Indonesia

Primary 
dipterocarp 
forest

27.1 8.2 Line transect 
(4)

Complete counts 
from 54 groups 
observed during 
surveys

Nijman & 
Nekaris, 2012

Sungai Wain Protec-
tion Forest, East Ka-
limantan, Indonesia

Primary 
dipterocarp 
forest

27.8 5.2 Line transect 
(13), DIS-
TANCE

Complete counts 
from 17 group 
encounters during 
survey

This study

Sabangau, Central 
Kalimantan, Indo-
nesia

Peat swamp 
forest

17.5 7 Line transect 
(12), DIS-
TANCE

Observation and 
complete counts of 
7 groups

Ehlers Smith 
& Ehlers 
Smith, 2013

Gunung Palung NP, 
West Kalimantan, 
Indonesia

Alluvial bench 10.5 4.5 Line transect 
(2), DISTANCE

Observation during 
surveys

Marshall 
2004; 2010

Gunung Palung NP, 
West Kalimantan, 
Indonesia

Lowland sand-
stone

5.9 2.9 Line transect 
(2), DISTANCE

Observation during 
surveys

Marshall, 
2004; 2010

Gunung Palung NP, 
West Kalimantan, 
Indonesia

Freshwater 
swamp

7.8 5 Line transect 
(2), DISTANCE

Observation during 
surveys

Marshall, 
2004; 2010

Gunung Palung NP, 
West Kalimantan, 
Indonesia

Peat swamp 2.5 3.8 Line transect 
(2), DISTANCE

Observation during 
surveys

Marshall, 
2004; 2010

Gunung Palung NP, 
West Kalimantan, 
Indonesia

Lowland gran-
ite forest

7.3 3.8 Line transect 
(2), DISTANCE

Observation during 
surveys

Marshall, 
2004; 2010

Gunung Palung NP, 
West Kalimantan, 
Indonesia

Upland granite 
forest

6.9 3.3 Line transect 
(2), DISTANCE

Observation during 
surveys

Marshall, 
2004; 2010

Gunung Palung NP, 
West Kalimantan, 
Indonesia

Montane 
forest

1.24 3.2 Line transect 
(2), DISTANCE

Observation during 
surveys

Marshall, 
2004; 2010

Lanjak Entimau 
Wildlife Sanctuary, 
Sarawak, Malaysia

Primary 
dipterocarp 
forest

21.5 4.4 Line transect, 
TRANSECT

Estimation from 
counts and sound 
movements during 
survey

Blouch, 1997

Lanjak Entimau 
Wildlife Sanctuary, 
Sarawak, Malaysia

Primary and 
secondary 
dipterocarp 
forest

20.8 4.4 Line transect, 
TRANSECT

Estimation from 
counts and sound 
movements during 
survey

Blouch, 1997

Lanjak Entimau 
Wildlife Sanctuary, 
Sarawak, Malaysia

Primary and 
secondary 
heavily dis-
turbed forest

5.4 4.4 Line transect, 
TRANSECT

Estimation from 
counts and sound 
movements during 
survey

Blouch, 1997

Barito Ulu, Central 
Kalimantan, Indo-
nesia

Mixed lowland 
dipterocarp 
forest

8.4 4.3 Regular moni-
toring

Regular monitoring McConkey 
& Chivers, 
2004
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of trees ranging from 19 m in old secondary forest to 
22.1 m in primary forest (Brearley et al., 2004). From 
the observations made during our survey, P. rubicunda 
appeared to prefer exploiting the canopy above the 
median vegetation height. In Sabangau Forest, P. ru-
bicunda exclusively selected large, tall trees as sleep-
ing sites (≥27 cm DBH and ≥16 m tall trees [Ehlers 
Smith, 2014a]). In addition, Nijman & Nekaris (2012) 
found that as a response to human presence, P. rubi-
cunda fled upwards more often and would only use the 
ground or under-storey as a fleeing route on rare oc-
casions. This species is therefore likely to rely on taller 
emergent trees to avoid predators and use the relative-
ly high canopy to travel and feed. These findings might 
have important conservation implications, as selective 
logging causes a decrease in abundance of large trees 
and mean vegetation height (White et al., 1995; Okuda 
et al., 2003). To date, virtually no evidence is available 
on the effect of negative changes in habitat structure 
for P. rubicunda. In the SWPF, human encroachment 
and illegal logging are gradually increasing within the 
regenerating habitat. Meijaard et al. (2008) proposed 
that P. rubicunda is likely to be negatively affected by 
logging due to their diet consisting of mainly fruit and 
seeds. While P. rubicunda is able to increase leaf con-
sumption when necessary, in logged areas and closer 
proximities to humans, colobines are also exposed to 
risks of disease (Gillespie & Chapman, 2008) and hunt-
ing (Nijman, 2005; Marchal & Hill, 2009).

Between 2000 and 2010 nearly 10% of the habitat 
occupied by P. rubicunda was lost due to habitat con-
version (Ehlers Smith, 2014b). In 2012, logging con-
cessions within the range of the subspecies present 
in the SWPF, P. r. rubicunda (Müller, 1838), accounted 
for 40.8% of the total remaining area (Ehlers Smith, 
2014b). The relatively high abundance of P. rubicunda 
within the SWPF’s primary habitat makes this forest an 
important conservation area for this species in East 
Kalimantan. At present, the SWPF is still connected 
to the ecosystem of Balikpapan Bay. Populations of P. 
rubicunda are present in Bukit Bangkirai Forest, a 15 

km2 rainforest approximately 6 km north of the SWPF, 
as well as along the coast of Balikpapan Bay. While 
the SWPF is becoming increasingly encircled by hu-
man activities, it remains unknown to what extent P. 
rubicunda is able to move between these areas.

We recommend further density assessments of 
P. rubicunda in regenerating and disturbed habitats 
across East Kalimantan. A focus on determining the 
primate carrying capacity of both primary and regener-
ating forests should also be considered. These inves-
tigations will provide us with the required information 
to quantify the remaining suitable habitat and develop 
further status assessments and conservation plans.
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ABSTRACT
Considered amongst the most endangered primates in the world, Javan Slow Lorises Nycticebus javanicus É. Geoffroy Saint-

Hilaire are threatened by habitat destruction, and by the wildlife trade for pets and traditional medicines. Despite some studies of 

captive or rescued and released animals, little is known about the behaviour and ecology of wild animals. We present preliminary 

behavioural data of the first-ever study of wild N. javanicus. The study population, in Cipaganti, West Java, persists in a mosaic 

habitat including agricultural fields (talun) and interspersed trees and patches of bamboo, trees, bushes and abandoned fields. 

We directly observed animals for some 170 hours during the onset of the dry season, between April and June 2012. Animals 

spent 31% of their time foraging and feeding, 33% sleeping and resting, 14% traveling, 12% alert, 7% grooming and 1% social-

izing. They fed mainly on exudates of Green Wattle Acacia decurrens (Willd.) (56%) and the nectar of Red Calliandra Calliandra 

calothyrsus (Meisn.) (32%). We found the animals to be relatively gregarious, spending 13% of observations within sighting 

distance of one another, for 37% of which they were seen in bodily contact. Animals preferred bamboo and Green Wattle over 

other tree species. We provide recommendations for management in captivity and reintroduction schemes, particularly urging 

rescue centres to provide gum and adequate social partners. Finally, we stress the importance unprotected, human-modified 

landscapes can have for this species and for reintroduction programmes. 

Keywords: activity budget, behaviour, conservation, diet, habitat use, unprotected habitat

INTRODUCTION
South-East Asia is considered a biodiversity hot-

spot due to high diversity and a high percentage of 
endemic species, many of which are threatened by 
habitat loss (Sodhi et al., 2010). The human influence 
on nature in the region is immense, and includes defor-
estation and land modification for agriculture, develop-
ment, large-scale palm oil plantations, pollution, and 
hunting of wildlife for traditional medicine or for luxury 
products (Sodhi et al., 2010). The Indonesian island of 
Java is amongst the most densely populated places on 
earth, with a population density averaging 1071 people 
per km2. The Javan Slow Loris Nycticebus javanicus É. 
Geoffroy Saint-Hilaire is one of the species that is highly 
affected by habitat loss and the pet trade in South-East 
Asia. The species is listed as Critically Endangered on 
the IUCN Red List (Nekaris et al., 2013b), and on the 
World’s 25 Most Endangered Primates 2012-2014 
(Nekaris et al., 2014).

The plight of the Javan Slow Loris has long been 
known in Indonesia. Like other slow lorises, the Javan 
Slow Loris has a small bear-like appearance with big 

eyes, characteristics that make it very desirable in the 
pet trade. Indeed, it is one of the primates most com-
monly observed, along with other Indonesian species 
of Slow Loris, in the illegal trade (Shepherd et al., 2004; 
Nekaris et al., 2009; Shepherd, 2010). Trade in Slow 
Loris, and in wildlife in general, is fuelled by the exten-
sive use of the internet, including online shops, social 
networks or sharing platforms (Nekaris et al., 2013a).

Some projects have attempted to reintroduce animals 
that were confiscated from illegal markets, but their at-
tempts have met with limited success (Moore, 2012). 
Many nocturnal, solitary and arboreal primates are dif-
ficult to study (Wiens & Zitzmann, 2003) and lack long-
term studies of their behavior and ecology in the wild 
(Nekaris & Bearder, 2011). Likewise, the Javan Slow 
Loris was listed as Data Deficient until 2006 (Nekaris et 
al., 2013b). Although we now have some information 
regarding wild Greater Slow Loris N. coucang (Bod-
daert) from Malaysia (Wiens et al., 2006), Pygmy Slow 
Loris N. pygmaeus Bonhote from Cambodia (Starr 
et al., 2013), and Bengal Slow Loris N. bengalensis 
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(Lacépède) from various parts of its range (Das et al., 
2009; Pliosungnoen et al., 2010; Swapna et al., 2010; 
Rogers & Nekaris, 2011), it is still not clear to what 
extent these species differ in social organization, diet 
and home range size, and we cannot plan effective 
conservation strategies for Javan Slow Loris based on 
what is known about their congeners. Winarti (2011), 
Nekaris (2012) and Wirdateti (2012) all identified the 
agro-forest gardens around Cipaganti, Garut, as con-
taining high numbers of Javan Slow Loris, and urged 
that long-term studies of the species be undertaken.

Here, we present the first behavioural and eco-
logical data recorded from wild Javan Slow Loris, and 
compare them with information regarding other slow 
loris species. These data will inform captive care and 
release schemes of rescued slow lorises. We give a 
detailed description of the habitat where Javan Slow 
Loris are known to occur at relatively high density; re-
port basic morphometric measurements of captured 
slow lorises; provide an ethogram of wild Javan Slow 
Loris and describe their activity budget, diet, basic 
social behaviour and habitat use over the first three 
months of a planned 1.5 year study.

METHODS
Study site

We established our field station in Cipaganti village, 
near the city of Garut in West Java (S7°6’6” – 7°7’ & 
E107°46’ – 107°46’5”, Fig. 1) in April 2012. Cipaganti 
lies in the foothills of Mount Puntang, which is part of 
the mountain range containing the active volcano Gu-
nung Papandayan. While Gunung Papandayan is rec-
ognized as a nature reserve (cagar alam), the partly ag-
ricultural areas surrounding the nature reserve are not 
protected. The distance between the edge of the village 
and the boundary of the protected forest on slopes of 
the ridges that cannot be cultivated, is approximately 
1300 m, while the first contiguous forest is about 2000 
m away from the village. The land in between reaches 
up to 1750 m asl and is covered with a mosaic of cul-
tivated fields (called talun by Sundanese people) under 
crops like tea, beans, chili, tomato, tobacco, potato, 
cabbage, onion, carrot etc., abandoned fields and 
shrub patches, bamboo patches, tree plantations and 
forest patches. Fields are often bordered by trees with 
a more-or-less connected canopy. 

Fig. 1. Location of the field site of the Javan Slow Loris study, adjacent to Cipaganti Village, Garut 
District, West Java.
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We conducted our study during the dry period from 
April to June 2012. Temperature, humidity and rainfall 
during the study period are presented in Table 1. The 
dry period corresponded with low minimum tempera-
tures. During dry periods rivers dried out and some trees 
shed their leaves (e.g. Japanese Persimmon Diospyros 
kaki L.f., Indonesian Mahogany Toona sureni [Blume] 
Merr.). One of the important nectar-producing plants 
for slow lorises, Red Calliandra Calliandra calothyrsus 
Meisn., did not bloom during the dry period. The study 
site comprises about 50 ha and is located between 
1300-1650 m asl, adjacent to Cipaganti village. Ac-
cordingly, the terrain is steep and difficult to traverse. 
Human presence and disturbance in the study site are 
high. Many people work in the fields every day, starting 
at about 05:00 h. Trees and bushes are regularly cut 
for wood production or clearance. Furthermore, peo-
ple set traps for pigs, to protect crops, and traps for 
birds to sell them into the trade. Hunting or disturbance 
of pigs during the night has been observed. Bee hives 
are harvested once per year during the dry season. 
Landslides are common during the rainy season.

Radio-tracking

As trapping success for slow lorises is low (Wiens 
& Zitzmann, 2003), we captured animals by hand. We 
did not sedate animals, but processed them immedi-
ately at the place of capture, and released them after-
wards on the same tree. We used leather gloves for 
bite protection and rubber gloves for infection control. 
We determined the sex of the animals, checked for 
pregnancy using abdominal palpation, and assessed 
stage of the oestrous cycle (Manley, 1966; Izard et 
al., 1988). We also monitored lactation by checking 
for elongated nipples and milk expression (Wiens & 
Zitzmann, 2003). We weighed animals using spring 
balances (Pesola®, Canada). Age classes were deter-
mined by body mass and pelage pattern and length. 
Adults had body masses greater than 750 g, juveniles 
between 250 g and 750 g, and infants below 250 g. 
As body mass varied substantially, and sub-adults can 
reach adult size while retaining juvenile pelage colora-
tion and length, mass was considered an inconclusive 
indicator of adolescence. The pelage of infants and ju-
veniles was fluffy and contained long hairs with white 
tips which gave the appearance of frosting; the transi-
tion between this condition and an adult coat pattern 
without white tips contributed to the categorization of 
sub-adults (Fig. 2). We examined the general condition 
of captured animals. Head-body length was defined 
as the distance between the base of the tail and the 
tip of the nose, and measured using a tape measure. 
Animals were stretched out as far as the natural body 
shape allowed and the measurement tape was applied 
along the middle of the back and head. We attached 
radio collars (17 g, on average 1.9% of body weight, 
BioTrack, UK) to adult animals, and marked them in-
dividually by fitting one or two coloured stainless-steel 
bead chains (2 mm per bead) around their wrists. 

We followed the radio-collared lorises in two shifts 
during the night, from18:00 h to 00:00 h and 00:00 h to 
06:00 h (following Wiens & Zitzmann, 2003), covering 
one animal per shift. We tracked animals with the aid 
of an antenna (6 and 8 element flexible Yagi antenna, 
Biotrack, UK) and receiver (R1000, Communication 
Specialists, US). If uncollared but identifiable animals 
were encountered, they were observed as long as pos-
sible until they moved away. We used instantaneous 
behaviour sampling with 5-minute intervals and took 
ad libitum notes (Altman, 1974; Nekaris, 2001). The 
behavioural ethogram is included as Appendix 1. At 
each sample point we also recorded the tree species 
used by the animal, and the distance to the closest 
Slow Loris, if present. For the latter we used the cat-
egories “in bodily contact” or “less than a body length 

Table 1. Temperature, humidity and rainfall during 
April to June 2012.

Temperature day (°C) 06:00-18:00 h 

Average 22.6 ± 2.9

Minimum 12.4

Maximum 28

Temperature night (°C) 18:00-06:00 h

Average 18.9 ± 2.2

Minimum 12.6

Maximum 26.7

Humidity (%)

Average 74.1 ± 8.9

Minimum 33

Maximum 91

Rainfall 24 h (mm)

Average 0.6 ± 2

Minimum 0

Maximum 11.7
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away”, “less than 5 m distance”, and “within sighting 
distance”. We included all vegetation of more than 1m 
height in our vegetation dataset, because we observed 
animals moving on bushes and other small plants. A 
tree was defined as having a minimum diameter at 
breast height (DBH) of 2.5 cm, and being at least 3 m 
high. If the animals were feeding, we noted the food 
type and recorded qualitative observations of the feed-
ing method.

In order to test whether slow lorises showed a pref-
erence for certain tree species, we recorded available 
tree species in the study site along nine, approximate-
ly-1-km-long, parallel line transects through the home 
ranges of the radio-collared animals. We used point 
intercept transects with intercepts of 15 m (Hill et al., 
2005; Rode et al., 2013). At each point we recorded 
the nearest tree species, and classified the vegetation 
type as cultivated field, abandoned field, bush, bam-
boo patch, tree patch or path (Rode et al., 2013). This 
method was deemed appropriate as we needed to 
minimize damage to the crops of the local farmers. We 
took samples of the tree species used by the animals, 
which were identified at the Indonesian Institute of Sci-
ences, Research Center for Biology (LIPI). 

We used descriptive statistics (means and standard 
deviations), and calculated differences in activity budg-
ets between the sexes using a Pearson Chi-square 
test (Dytham, 2001), only including radio-collared 
adult animals with more than 100 observation points. 
We grouped feeding and foraging, sleeping and rest-

ing, alert and freezing, and social activity (aggression, 
playing, other social activities) for the activity budget. 
For the general activity budget we merged auto- and 
allogrooming into a single category (“grooming”) such 
that the latter was not considered in the category “so-
cial behaviour”, while for the analysis of social behav-
iour we also considered allogrooming. Social activity 
and distance between animals were recorded for all 
animals. We used a Pearson Chi-square test to de-
tect if there were differences between the frequency at 
which the lorises used certain tree species and the fre-
quency at which these species occurred in the dataset 
of available trees at the site. The null hypothesis was 
that there was no difference between the frequencies 
at which the animals used the different tree species 
and the frequency of available tree species, meaning 
that the lorises used trees at the study site randomly. 
A positive deviation from the null hypothesis was inter-
preted as a preference for the more frequently used 
tree species. We included only the ten most frequently 
used tree species in our analysis. All other trees used 
were added as a single category into the analysis.

RESULTS
In April and May 2012 we captured 12 N. javanicus 

(Table 2). Three of these animals were not collared be-
cause they were juveniles or because we were out of 
collars. On various occasions uncollared animals were 
sighted. The female adult individuals RO and EL were 
lost on 11 June and 6 July, respectively. RO was initially 

Fig. 2. Javan Slow Lorises change their coat pattern, colour and fur density as they age. Shown here are a 
very pale infant (~4 weeks old) with fluffy fur; juvenile with characteristic pale coat with very dark markings 
and very long fur; and typical brown adult with shorter fur and paler markings.
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brought to the field station by local inhabitants and was 
suspected to have been in captivity. When she was re-
leased at the site where people claimed they had found 
her, she started to travel very long distances, and was 
finally lost in the nearby protected forest area. The col-
lar of EL broke and, although there were a few sight-
ings of her, we could not catch her again.

We followed the radio-collared animals for 327.75 
hours on 70 days between 4 April and 1 August 2012. 
We collected 1,989 5-minute observation points, total-
ing 165.75 hours of direct observation. Thus, the ani-
mals were out of sight 50% of the time.

Figure 3 shows the activity budget for nine adult 
Javan Slow Loris. Animals spent 33±15% of the ob-
servation time sleeping and resting, 31±14%  feeding 
and foraging, 14±7% traveling, 12±5% being alert and 
freezing, 7±4% grooming, 2±2% engaging in other ac-
tivities, and 1±2% engaging in social activities (n=1996) 

Although individual variation was detected, prelimi-
nary results suggest that females spent more time 
foraging while males were more alert, travelled more 
and showed more social behavior (χ2=70.971, df=9, 
p<0.001, n=1660). This result may have been influ-
enced by one prolonged bout of aggression between 
the adult male GU and an uncollared individual, and 
the intensive relationship between GU and the juvenile 
male YO (including social activities like playing, allog-
rooming and following each other). Removing GU from 
the analysis resulted in a still-significant test outcome 
in broad behaviour type (χ2=73.010, df=9, p<0.001, 
n=1396) but no significant difference between sexes in 
social behaviour subcategories.

Animals were seen within sighting distance of other 
lorises in 13% of the observations (n=258). In 57% of 
these cases (n=147), animals were closer than 5 m, 
while in 37% of cases (n=96), animals were in bodily 

Table 2. Details and basic morphometrics of twelve Javan Slow Lorises.

No. ID Sex Age Date captured Weight (g)

Head 

and body 

length 

(cm)

Hand 

span 

(mm)

Foot 

span 

(mm)

Obs. Days

1 GU Male Adult 17/04/2012 885 36.9 63 75 284 26

2 EN Female Adult 18/04/2012 740 33.6 61 75 339 22

3 YO * Male Sub-adult 19/04/2012 740 28.4 57 73 37 9

4 HE * Female Sub-adult 20/04/2012 676 31.3 57 78 4 4

5 AZ Male Adult 20/04/2012 855 - 70 71 121 16

6 ON Female Adult 20/04/2012 994 31.5 53 64 118 14

7 TE Female Adult 07/05/2012 765 31 51 68 247 22

8 MO Male Adult 08/05/2012 945 33.7 60 78 175 11

9 EL Female Adult 09/05/2012 935 31.2 64 82 165 8

10 RO Female Adult 11/05/2012 904 31.6 60 79 162 7

11 CH Female Adult 11/05/2012 915 31.3 57 74 205 15

12 MR * Male Adult 12/05/2012 904 33 64 27 7

13 TA * Unknown Juvenile - - - - 40 9

14 LU * Unknown Infant - - - - 1 1

UN * - Adult - - - - 64 16

Average adult males (n = 4; 3) 897.25 ± 37.7 34.5 ± 2.1 64 ± 5 72 ± 4 1989

Average adult females (n = 6) 875.5 ± 100.5 31.7 ± 0.1 58 ± 5 74 ± 7

 
 * Animals that were not radio-collared.
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contact or less than a body length away. Social be-
haviours recorded (n=40) included allogrooming (38%), 
playing (35%), aggression (15%; only one incident, be-
tween two adult males, spanning several observations) 
and other social behaviours (13%). We also observed 
following and sleeping in contact with another animal.

We recorded animals feeding 81 times (4.7% of 
observations). In 68 cases we could identify the food 
items. Animals fed mainly on the gum of Green Wattle 
Acacia decurrens Willd. (56%), the nectar of flowers of 
Red Calliandra (32%), and insects (7.4%). In only two 
cases, animals fed on fruit (Japanese Persimmon and 
Jackfruit Artocarpus heterophyllus Lam.). Amongst 
the insects consumed were caterpillars (Lepidoptera), 
grasshoppers (Orthoptera) and cockroaches (Dicty-
optera), taxa that may be perceived as pest species 
by local farmers. When feeding on exudates, animals 
climbed up and down the trunks and branches and 
checked existing, loris-made gouge holes, or creat-
ed new holes. They then licked the leaking exudates 
or expanded the holes by anchoring their teeth and 
gouging strongly or chiseling away the bark. The nectar 
of Red Calliandra was eaten as described by Moore 
(2012), by climbing among the terminal branches of 
the tree or bush, stabilizing themselves in a standing or 
hanging position, and grabbing and bending the flow-
er towards them using one or both hands. They then 
licked the nectar accumulating between the stamens 
without damaging the flower.

In total, 261 ‘available’ trees and 1,875 used trees 
of 38 species were recorded (Appendix 2). Comparing 
the numbers of the ten most commonly used tree spe-

cies with the available trees, we found that slow lorises 
preferred bamboo (String Bamboo Gigantochloa apus 
[Schult.] Kurz, and Sweet Bamboo G. atter [Hassk.] 
Kurz), Green Wattle, and Red Calliandra, but used oth-
er common species less than expected (Cajeput Tree 
Melaleuca leucadendra (L.) L., Chinese Mahogany, 
Japanese Persimmon and other species) (χ2=205.926, 
df=10, p<0.001, n=2136). On the transects we record-
ed 65% of the points to be in cultivated fields, 18% in 
abandoned fields, 8% in bush area, 5% on paths, 3% 
in tree patches and 2% in bamboo patches (n=354). 

DISCUSSION
Our study area is situated in an area of Java where 

most land has been modified by humans (Smiet, 1990; 
Lavigne & Gunnell, 2006). Natural habitat remains only 
in inaccessible places such as at high altitude and on 
steep slopes (Smiet, 1992; Lavigne & Gunnell, 2006). 
At our study site, slow lorises live in agricultural areas 
(talun) where humans live and work. They are confined 
to habitat fragments surrounded by fields, threatened 
by habitat loss through the cutting of trees and bam-
boo, and exposed to human activities mainly during 
the day. Our transect data show that 83% of the land 
comprises cultivated and abandoned fields. The area 
is not protected and thus lorises rely on the good will 
of people for their survival. This situation is similar for 
other threatened primates throughout Asia, such as 
Purple-faced Langurs Trachypithecus vetulus (Erxle-
ben) (Moore et al., 2010) and Hainan Gibbons Nomas-
cus hainanus (Thomas) (Zhou et al., 2005). Effects of 
degraded and human-altered habitat on primates may 
include reduced feeding resources, fewer sleeping or 
hiding places, higher susceptibility to invasive or aerial 
predators, increased hunting pressure, disturbance 
and higher exposure to parasites (Wright et al., 2009; 
Schwitzer et al., 2010b, 2011). Slow lorises, however, 
apparently can sufficiently adjust to human-modified 
habitats like this mosaic landscape of agricultural 
fields, bamboo stands and forest fragments. 

We determined the activity budget of adult Javan 
Slow Loris. In accordance with other studies (Table 
3), the percentages of resting and sleeping, being 
alert and freezing were relatively high, in contrast to 
the findings of Wiens & Zitzmann (2003), who reported 
low frequencies of resting and sleeping in Malaysian 
Nycticebus coucang. Our study and that of Swapna et 
al. (2010) were conducted during the dry, cold season. 
A combination of season, temperature and moonlight 
may have affected the level of activity and alertness. 

Fig. 3. Proportion of instantaneous sample points 
of nine radio-collared and unidentified adult Javan 
Slow Lorises (n=1590). Error bars denote ±1 
standard deviation.
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Nocturnal primates are described as lunar-phobic, 
lunar-philic or lunar-neutral, depending on whether 
they decrease, increase or do not change their level of 
activity during bright moonlit nights. Increased activity 
may be related to higher foraging efficiency (Gursky, 
2003) and better detection of predators (Bearder et 
al., 2006; Nash, 2007). Rogers & Nekaris (2011) report 
that Bengal slow lorises in Cambodia become more 
active during the dark moon phase. Rode et al. (2014, 
in press) found Javan Slow Loris to be lunar-phobic 
but attributed this behaviour to predator-independent 
factors such as availability of arthropod prey. Although 
Pygmy Loris seemed unaffected by light on warm 
nights, Starr et al. (2012) found them to be lunar-pho-
bic on cold, bright nights, probably as a result of the 
higher risk of detection by predators and heat loss. 

Solitary mammal species usually forage alone dur-
ing their active period, yet may still be in contact with 
conspecifics (e.g. via olfaction or vocalizations), sleep 
in groups or live in complex social networks (Waser & 
Jones, 1983). Several studies in captivity concluded 
that Nycticebus spp. are very gregarious given the op-
portunity. Animals spent one third of their time in prox-
imity and shared nest boxes (Ehrlich & Musicant, 1977) 
and rarely engaged in agonistic behaviours (Daschbach, 
1983; Ehrlich & MacBride, 1989). Although animals oc-
casionally show aggressive behaviour in rescue cen-
tres, this might be a by-product of the trauma animals 
have experienced in the pet trade, and rescue centres 
may house up to eight animals in social groups (Moore, 
2012). In wild Javan Slow Loris, we only observed one 
case of aggression in three months. In studies of N. 
bengalensis, N. pygmaeus and N. coucang, social ac-
tivities clearly occurred outside the sample points that 
made up activity budgets, as the frequency of social 
activities recorded was relatively low (Table 3). Nyctice-
bus coucang and N. javanicus individuals were often 
observed within sighting distance of one another (13% 

for N. javanicus, this study; 8% for N. coucang, Wiens, 
2002). We have shown that the social behaviours of 
wild N. javanicus are similar to those of other species 
of lorises studied in the wild, including allogrooming, 
playing, following, and sleeping in contact with another 
animal (Wiens & Zitzmann, 2003). Javan Slow Loris 
thus do not qualify as gregarious, but they are defi-
nitely social. 

Slow lorises feed on gum, invertebrates, nectar of 
flowers, fruit, small vertebrates, mollusks, bird eggs, 
leaves, bark, bamboo and fungi (Table 4) (Tan & Drake, 
2001; Wiens, 2002; Wiens & Zitzmann, 2003; Winarti, 
2003; Pliosungnoen & Savini, 2008; Streicher et al., 
2009; Nekaris et al., 2010; Swapna et al., 2010; Rog-
ers & Nekaris, 2011; Winarti, 2011; Starr & Nekaris, 
2013; Streicher et al., 2013). Nash & Burrows (2010) 
reviewed several primate species that form part of a 
gum-feeding guild. Some species use gum opportun-
istically while searching for insects on tree surfaces or 
as a staple or fallback food in times of food shortage 
(Porter et al., 2009; Streicher, 2009). For other species 
gum is an obligatory dietary component. Only a few 
species are able to stimulate exudate flow actively by 
gouging. This behaviour is shown by the callitrichine 
genera Callithrix (Erxleben), Callibella (van Roosemalen 
& van Roosemalen), Mico (Lesson) and Cebuella (Gray), 
the Masoala Fork-marked Lemur Phaner furcifer (Blain-
ville) and the Southern Needle-clawed Galago Euoticus 
elegantulus (Le Conte) (Vinyard et al., 2003; Schwitzer 
et al., 2010a). Sixty-five per cent of the diet of Phaner is 
gum, which is available all year round. Euoticus elegan-
tulus (Le Conte) includes gum as 75% of its diet; the 
rest consists of insects and fruit (Charles Dominique, 
1977). All Nycticebus species gouge, and spend a 
considerable amount of their feeding time consuming 
exudates (Nycticebus pygmaeus: Tan & Drake [2001]; 
Nekaris et al. [2010]; Starr & Nekaris [2013]; Streicher 
et al. [2013]; N. coucang: Barrett [1984]; Wiens et 

Table 3. Activity budget of Nycticebus species.

N. bengalensis 1 N. bengalensis 2 N. coucang 3 N. javanicus 4

Rest, sleep 40.5 41; 7 5.4 33

Travel 23.2 36 (incl. forage) - 14

Forage, feed 5.1; 22.3 6 (only feed) 20.5 (only feed) 31

Groom 7.2 4 - 7

Alert - 7 - 12

Social 0.4 0 3.5 1

1=Swapna et al., 2010; 2=Rogers & Nekaris, 2011; 3=Wiens & Zitzmann, 2003; 4=this study
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al. [2006]; Nekaris & Munds [2010] ; N. bengalensis: 
Pliosungnoen & Savini [2008]; Nekaris et al.[2010]; 
Swapna et al.[2010]; Das et al. [2014]; N. javanicus: 
Winarti [2003]; Nekaris et al. [2010]; Winarti [2011]; 
and Bornean Slow Loris N. menagensis [Trouessart]: 
Nekaris et al. [2010]) (see Table 4). Nekaris et al. (2010) 
reviewed exudate feeding in Asian lorises, and listed 
12 plant families exploited by Nycticebus for exudates. 
Nycticebus javanicus was seen feeding on exudates 
of Fabaceae, Arecaceae and Moraceae (Nekaris et 
al., 2010; Winarti, 2011). Nectar is another important 
component of the diet (Table 4). Re-introduced Javan 
Slow Loris spent 90% of their feeding time consum-
ing nectar (Moore, 2012). Javan Slow Loris feed on 
the nectar of Red Calliandra (Moore, 2012; this study) 
and Banana Musa × paradisiaca L., Family Musaceae 
(Winarti, 2011). Pliosungnoen & Savini (2008) saw N. 
bengalensis feeding on Parkia flowers (R.Br.), Family 
Fabaceae. Porter et al. (2009) observed the Goeldi’s 
Monkey Callimico goeldii (Thomas) in Bolivia using pod 
exudates of Parkia flowers as a fallback food during the 
dry season. Our study was conducted during the on-
set of the dry season and dietary component propor-
tions may differ between seasons (Charles-Dominique, 
1977; Hladik et al., 1980). Considerable seasonal 
differences in feeding budgets were observed for N. 
bengalensis and N. pygmaeus (Swapna et al., 2010; 
Starr & Nekaris, 2013). The proportion of gum in the 
diet was higher in the winter, while more nectar and 
insects were consumed in the summer by N. benga-
lensis (Swapna et al., 2010). Nycticebus pygmaeus 
did not feed on nectar or fruits in the cold season at 
all, and more than doubled the proportion of insects 
they consumed (Starr & Nekaris, 2013). In this study, 
feeding on insects was likely to be underestimated as 
it often involved very fast movements between sam-
pling intervals, and could easily be missed, especially 
when animals were in very dense habitat like bamboo 
or bushes. Slow lorises consume some insect taxa 
that are potentially harmful for crops; thus they play 
an important role in pest control. Even though we saw 
animals feeding on two different fruits (Japanese Per-
simmon and Jackfruit) also consumed by humans, this 
occurred rarely and did not qualify Javan Slow Loris as 
a pest species. We never observed animals feeding on 
vegetables planted in the fields. 

Few studies have reported the tree species that 
Nycticebus uses during general activity. The amount 
of bamboo in a forest seems to have a positive effect 
on the encounter rates of N. javanicus (Voskamp et 
al., 2014). Bamboo species seem to be important as 
sleeping and resting sites (Winarti, 2003, 2011; Dah-

rudin & Wirdateti, 2008). Nycticebus bengalensis was 
found more often in plantations with high numbers of 
Acacia (Mill.) and Leucaena (Benth.) trees and Bauhinia 
(L.) lianas (all members of the legume family Fabace-
ae) as compared with primary forest (Pliosungnoen et 
al., 2010). Diet is also likely to influence tree species 
preferences. Fabaceae, for instance, are used by all 
Nycticebus species as sources of exudates (Nekaris 
et al., 2010). In this study, Green Wattle and Red Cal-
liandra were preferred for their gum and nectar. As for 
diet, the preferences of lorises for certain tree species 
may change with the season. Non-preferred tree spe-
cies may not play a special role in the animals’ diet or 
sleeping-site choice, but may be used during travel. 
Almost all tree species recorded in this study as used 
by Javan Slow Loris are non-native. Nevertheless, we 
found a healthy population of lorises in this habitat and 
the animals seemed to have adapted well to the di-
etary options, habitat structures and relatively confined 
space provided by this human-modified landscape. 

Adjustment to human-modified mosaic landscapes 
and exotic tree species bear important implications for 
the re-introduction of confiscated animals that might 
have been caught in those habitats. One of the pos-
sible reasons for failed re-introductions of Javan Slow 
Loris to the wild is that animals that have grown accus-
tomed to agricultural areas and their component plant 
species are released into dense rainforests; newly re-
leased Javan Slow Loris often moved out of the old 
stage forests where they were released into agricultural 
areas up to a few kilometers away (Moore, 2012).

RECOMMENDATIONS
Although slow loris species differ in aspects of their 

ecology, we found Javan Slow Loris to have similar 
needs in terms of fundamental feeding and social ac-
tivities to other slow loris species. Whether in zoos, 
rescue centres or when preparing rescued animals for 
release, we stress the importance of providing social 
partners, and including gum in the animals’ diet. For 
the Javan Slow Loris, in particular, certain tree species 
are important for species conservation planning and 
for the specific protection of the modified habitats in 
our study area (String Bamboo, Gigantochloa apus; 
Sweet Bamboo, G. atter; Green Wattle, Acacia decur-
rens; Red Calliandra, Calliandra calothyrsus). Javan 
Slow Loris can thrive in human-altered habitat that is 
very different from dense rainforest and are surprisingly 
adaptable to exotic plant species. The provenance of 
confiscated animals and their behavioural and ecologi-
cal adaptation to their original habitats must be con-
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sidered in re-introduction programs. When evaluating 
suitable release sites, native equivalents of exotic ag-
ricultural and native rainforest species must be iden-
tified. Finally, human-modified landscapes should be 
included in habitat protection schemes, and communi-
ty-based conservation should be emphasized.
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Appendix 1. Ethogram for Javan Slow Loris.

Behaviour Definition

1 Alert Remain stationary like in “rest” but active observation of environment or observer

2 Feed Actual consumption of a food item

3 Forage Movement associated with looking for food (often includes visual and olfactory searching)

4 Freeze Interrupt locomotion to maintain motionless, rigid posture in standing or sitting position for 
at least three seconds, extremely slow movement not associated with foraging

5 Groom Autogroom, lick or use tooth comb on own fur

6 Rest Remain stationary, often with body hunched, eyes open 

7 Sleep Remain stationary in huddled position with head between the knees, or eyes visible but 
closed

8 Social All interactions with conspecifics, including aggression, allogrooming, play and other social 
behaviours

8a Aggression Fight, bite (including attempts), threat, chasing; often accompanied by agonistic vocaliza-
tions

8b Allogroom Lick or comb with toothcomb other loris’ face or fur - usually while clasping him or her

8c Play Behaviours serving no immediate, definable purpose, including friendly attempted bites 
or manual attacks and clasping, dangle by feet, wriggle body with arms over head. No 
vocalizations as when fighting 

8d Other social Social activity while being in contact or close proximity (<5 m), like mating, social follow, 
sniffing, social explore

9 Travel Continuous, directed movement from one location to another

10 Other Other behaviours not included above 

Note: based on observations in this study and from Nekaris, 2001, Fitch-Snyder et al., 2001 and Daschbach 
et al., 1983.
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Appendix 2. List of plant species that were used by Javan Slow Loris during this three month study, their use by 
local people and the percentage of samples: used by Slow Lorises (n=1,875), and presence in transects (n=261). 

Scientific name Family
English common 

name

Trees 
used 
for

% 
used

% 
random

1 Gigantochloa apus (Schult.) Kurz, Gigan-
tochloa atter (Hassk.) Kurz

POA String Bamboo, 
Sweet Bamboo

2, 5 37 4

2 Melaleuca leucadendra (L.) L. MRT Cajeput Tree 3, 4, 5 22 39

3 Acacia decurrens (Willd.) FAB Green Wattle 6 9 2

4 Persea Americana (Mill.) LAU Avocado 1, 3 9 9

5 Calliandra calothyrsus (Meisn.) FAB Red Calliandra 6, 7 7 4

6 Toona sureni (Blume) Merr. MEL Suren, Indonesian 
Mahogany

3, 4 5 10

7 Grevillea robusta (A.Cunn. ex R.Br.) PRT Silky Oak 3, 4 3 3

8 Artocarpus heterophyllus (Lam.) MOR Jackfruit 1, 3, 8 2 2

9 Diospyros kaki (L.f.) EBN Japanese Persimmon 1, 3 1 3

10 Coffea Arabica (L.) RUB Arabica Coffee 1, 6 <1 <1

11 Casuarina junghuhniana (Miq.) CAS ? 3 <1 4

12 Musa acuminata (Colla) MUS Banana 1, 9 <1 7

13 Schima wallichii (Choisy) TEA Needle Wood 3 <1 <1

14 Dendrocalamus asper (Schult.) Backer POA Giant Bamboo 2, 5 <1

15 Maesopsis eminii (Engl.) RHM Umbrella Tree 3, 4 <1 4

16 Chromolaena odorata (L.) R.M.King & 
H.Rob.

CMP Siam Weed, Christ-
mas Bush

6, 7 <1 <1

17 Ageratina riparia (Regel) R.M.King & 
H.Rob., Lycianthes denticulata (Blume) 
Bitter, Gaultheria sp.(L.) 

CMP, 
SOL, 
ERI

Mistflower, ?, ? 6 <1

18 Gigantochloa sp. Kurz ex Munro POA Clumping Bamboo 
(genus)

2, 5 <1 <1

19 Cestrum aurantiacum (Lindl.) SOL ??? 7 <1

20 Citrus aurantiifolia (Chrism.) Swingle RUT Key Lime (?) 1 <1 <1

21 Aleurites moluccanus (L.) Willd. EUP Candlenut 1, 3 <1

22 Arenga pinnata (Wurmb) PAL Sugar Palm 1, 3, 9 <1

23 Calliandra tetragona (Willd.) Benth. FAB White Calliandra 6, 7 <1

24 Brugmansia suaveolens (Humb. & Bonpl. 
ex Willd.) Bercht. & J.Presl

SOL Angel Trumpet 5, 7 <1

25 Eriobotrya japonica (Thunb.) Lindl. ROS Loquat 1, 6 <1

26 Camellia chinensis (Sims) Kuntze TEA Tea 1, 6 <1

27 Manglietia blumei Prantl MAG ? 3 3
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28 Cinnamomum burmanni (Nees & T.Nees) 
Blume

LAU Indonesian Cinnamon 1, 3, 4 1

29 Carica papaya (L.) CRC Papaya 1 1

30 Anthocephalus cadamba (Roxb.) Miq. RUB Common Bur Flower, 
Kadamb

3, 4 <1

n=1875 n=261

Bold numbers indicate that tree species were used significantly more often by lorises than expected by chance, 
numbers underlined indicate that the trees were used significantly less often. 1=Consumption (including smok-
ing), 2=construction material, 3=house (including traditional roof), 4=furniture, 5=garden (flower, fence, stable), 
6=fire wood, 7=natural prevention of erosion, 8=mortar, 9=packing material.
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ABSTRACT
Primates play an important role in the seed dispersal of a multitude of plant species, including rattans (Calamoideae). Here, 

camera-trapping was used as a means of identifying mammal rattan fruit predators of two non-climbing rattan species, Cala-

mus castaneus Griff. and Daemonorops calicarpa (Griff.) Mart., at a lowland dipterocarp forest of West Malaysia. Of a total of 

25 resident frugivorous and mainly terrestrial mammal species at the study site, only Southern Pig-tailed Macaques Macaca 

nemestrina (Linnaeus) were found responsible for rattan fruit removal at ground level. Video recordings allowed the analysis of 

fruit handling behaviour, of which the most frequent was firstly peeling of skin and sucking of pulp, and subsequently ingesting 

the pulp and seeds (38.3% of  N=148). Cheek pouch feeding (34.0%) and ingestion of the whole fruit (27.7%) also occurred 

frequently. These behaviours might not lead to the destruction of the seed and indicate seed dispersal rather than predation. 

As both rattan species have a low tendency to form clonal clusters, they might very much rely on animal seed dispersers for 

successful reproduction. This has implications for conservation efforts, as there seems to be no redundancy in seed dispersers 

for local acaulescent rattans, and a decline in M. nemestrina abundance might therefore severely affect rattan genetic diversity 

and population dynamics. Thus, Macaca nemestrina might be considered a single-species seed disperser for these two rattan 

species at the study site. 

Keywords: acaulescent rattans, Calamoideae, Calamus castaneus, Daemonorops calicarpa, seed dispersal, 
seed predation, Segari Melintang Forest Reserve, Perak.

INTRODUCTION
Ninety percent of primates found in tropical regions 

are dependent on the forest (Mittermeier & Cheney, 
1987) where they have significant effects on seed dis-
persal of up to 75% of plant species (Howe & Small-
wood, 1982; Terborgh et al., 2002; Beckmann & 
Muller-Landau, 2007; Dirzo et al., 2007; Levey et al., 
2002; Nuñez-Iturri & Howe, 2007; Stoner et al., 2007; 
Wang et al., 2007; Wright et al., 2007; Stevenson et 
al., 2008). Primates comprise around 40% of the frugi-
vore biomass in tropical forests (Eisenberg & Thoring-
ton, 1973; Chapman, 1995) where they consume large 
quantities of fruits and defecate or spit high numbers 
of diverse seeds (Lambert, 1999). Moreover, they can 
add positive effects on seed germination, which are 
caused by the passage of seeds through their diges-
tive system (Samuels & Levey, 2005; Robertson et al., 
2006; González-Di Pierro et al., 2011). Seed swallow-
ing is by far the most common means of primate seed 
dispersal in the Neotropics. In the Palaeotropics seed 

spitting by cheek-pouched monkeys (Cercopithecinae) 
is more common. Cheek pouches, which have nearly 
the same capacity as the stomach, allow monkeys to 
extract pulp without having to invest in digesting swal-
lowed seeds (Lambert, 1999).

The plant-primate interaction determines the variation 
in seed shadows, which influences plant demography 
and spatial distribution. Primate seed-handling strategies 
depend on factors, such as the interactions between 
their digestive system and traits of the fruiting species, 
and there is a wide variation in the shape of seed 
shadows generated by primates (Chapman & Russo, 
2007). In addition, the response of a primate to a fruit-
ing species is mediated by many factors, such as its 
social structure, foraging decision, digestive anatomy, 
seed-handling strategy, or ranging behaviour, whereas 
the distribution and abundance of fruit resources influ-
ences daily foraging speeds and distances (Chapman 
& Russo, 2007). 
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There is a high variability among primate species, 
and according to Chapman & Russo (2007) there is no 
such thing as one “primate seed syndrome” for fruiting 
plant species. It seems that primates tend to ingest 
and disperse more smaller than larger seeds (Cor-
lett & Lucas, 1990; Lambert, 1999), and more ovoid 
than round seeds (Garber, 1986; McConkey, 2000); 
and some, but not all primates, might be rather selec-
tive, for example orangutans preferred high pulp mass 
(Leighton, 1993), whereas Long-tailed Macaques 
Macaca fascicularis (Raffles) did not select on the basis 
of seed or fruit size (Corlett & Lucas, 1990). Ingested 
seeds may become dispersed over longer distances 
than spat seeds (Lambert, 1999, 2001), and spat or 
dropped seeds are more likely to be deposited on the 
forest floor singly because fruits are handled individu-
ally (Lambert, 1999).

Countries with primate populations are losing ap-
proximately 125,000 km2 of forest each year (Chap-
man & Peres, 2001) and habitat fragmentation and 
hunting are further reducing primate populations. The 
reduction in primate abundance may have severe im-
pacts on plant communities (Redford, 1992; Chapman, 
1995) as it was shown that hunted primate populations 
in a fragmented habitat produce altered seed disper-
sal patterns (Pacheco & Simonetti, 2000; Wright et al., 
2000; Chapman, Chapman et al., 2003; Chapman, 
Lawes et al., 2003; Cordeiro & Howe, 2003). Most 
importantly, there is simply not enough redundancy in 
fruit disperser species to compensate for losses of one 
group, such as primates (Poulsen et al., 2002). Thus, 
with the loss of primate species in fragmented areas, 
seed dispersal rates may decrease and seed shadows 
may become more stereotyped, which can eventually 
lead to changes in plant population densities and re-
duction of diversity of plant communities (Chapman & 
Russo, 2007). 

Primates are considered to be, besides hornbills, 
the main dispersers of rattan seeds (Calamoideae, 
Arecaceae) in both Southeast Asia and Africa (Corlett 
& Lucas, 1990; Dransfield, 2001; Sunderland, 2001). 
Rattans are an important component of the primary 
and secondary forest vegetation of Malaysia and play 
an important role in the rainforest ecosystem: they can 
act as shelter, for example for ants (Sunderland, 2004); 
or as food source, such as for various insect groups 
that feed on their pollen (Henderson, 1986; Lee, 1995; 
Kidyoo & McKey, 2010); and mammals or birds that 
feed on fruits, seeds, or fresh shoots (Sunderland & 
Dransfield, 2002). In Peninsular Malaysia alone, 106 
species of eight genera grow in the wild (Dransfield, 
1979) and of the approximately 600 rattan species 

that can be found worldwide, 117 are now regarded 
as threatened to some degree (Walter & Gillet, 1998). 
The threats are manifold but habitat loss due to land 
conversion and overexploitation of rattans for the furni-
ture industry must be considered the most hazardous 
ones. Rattans use two reproductive strategies: some 
rattan species have a high tendency to form big clus-
ters with multiple clonal stems, whereas other species 
appear solitarily or in small clusters. These are widely 
represented by genetically different, seed-derived indi-
viduals (Dransfield & Sunderland, 2002).

There are two commonly observed strategies of rat-
tan fruit handling by primates: either fruits are ingested 
as a whole and pass through the intestinal tract with 
the seed intact, or the pulp is sucked and the seed 
spat out (Corlett & Lucas, 1990; Pritchard & Davies, 
1999). However, only a few studies address the role 
of primates in rattan seed dispersal (e.g. Corlett & Lu-
cas, 1990; Tutin et al., 1994; Lucas & Corlett, 1998; 
Sunderland, 2001) and none of these were conducted 
in Peninsular Malaysia. Primates are the most impor-
tant dispersers of larger-seeded plant species (Howe 
& Smallwood, 1982; Chapman & Chapman, 1995; 
Chapman & Russo, 2007) and most rattan species 
that were found at the study site have medium- to 
larger-sized seeds (c. 1 cm diameter).

However, in studies on African primates where 
gorillas, chimpanzees, bonobos, drills and mandrills 
were found to use rattan fruits as a food source (Tu-
tin et al.,1994; Sunderland, 2001), their feeding habit 
seemed to lead to the destruction of the seeds. These 
larger primate species often chew before they swal-
low their food and this might inhibit the germination 
ability of the seed (Kingdon, 1997). Feeding experi-
ments with African rattan seeds presented to those 
primate species showed that only fruits of the genus 
Laccosperma, which has small seeds (1 cm x 0.6 cm), 
were swallowed as a whole and thus stood the chance 
of being dispersed intact. Bigger seeds (diameter >1.5 
cm) of the genera Eremospatha and Oncocalamus 
were either chewed and destroyed or spat out at the 
site (Sunderland, 2001).

Also in Southeast Asia, primates have been found 
to contribute to rattan seed dispersal (Dransfield, 
2001). In Singapore, Long-tailed Macaques have been 
observed to feed on seeds of the genera Calamus, 
Daemonorops and Korthalsia in the wild. They were 
found to spit out or clean and drop the majority (up 
to 69%) of seeds of the ripe fruits they consume. This 
alternative “seed spitting behaviour” might be regarded 
as a means of dispersing viable seeds (Corlett & Lu-



Asian Primates Journal 4(2), 2014
44

cas, 1990; Lucas & Corlett, 1998). Despite these ef-
forts to better understand the role of primates in rattan 
seed dispersal, there is still a major lack of fundamental 
studies dealing with rattan seed dispersal mechanisms 
in general and the specific interactions of primate and 
rattan species of Peninsular Malaysia. This study was 
thus aimed at identifying mammal species that play a 
key role in seed dispersal of local non-climbing rattan 
species.This was conducted by means of camera trap 
surveillance of fruiting rattans during a two-year survey. 
Both primate species and small mammals were ex-
pected to predate on ripe rattan fruits. Seed handling 
strategies were analysed to assess the impact on seed 
survival.

METHODS
Study Site 

The study site was located at the Western edge of 
the Segari Melintang Forest Reserve (SMFR), Man-
jung District, Perak, Peninsular Malaysia (4°19-20’N, 
100°34-36’E) (Fig. 1). The SMFR originally comprised 
4,566 ha (in the 1960s) but in 2010 only about 2,720 
ha remained. 408 ha of the SMFR are strictly protected 
as a Virgin Jungle Reserve (VJR). The rest is a logged-
over, regenerated Permanent Forest Reserve (PFR). 
Vegetation within the SMFR consists of coastal low-
land mixed dipterocarp forest and areas with alluvial 
freshwater swamp forest, which are temporarily flood-
ed. To the exclusion of a few emergents, the maximum 
height of the closed canopy is about 40 m and the 
SMFR extends from 20 m to 250 m above sea level 
(Wiens & Zitzmann, 2003).

Camera trap survey

In order to identify rattan fruit consumers, ripe in-
fructescences of Calamus castaneus Griff. and Dae-
monorops calicarpa (Griff.) Mart. were video monitored 
with motion-triggered infrared cameras specially de-
signed for wildlife monitoring (Bushnell® Trophy Cam™). 
Altogether 15 individuals of C. castaneus were video 
monitored over a total time span of 13 months, and five 
fruiting individuals of D. calicarpa over three months. 
Videos triggered by approaching animals were record-
ed for 15 seconds with a 2-second interval allowing 
identification of fruit handling behaviour. Visitors were 
identified to species level by the authors, who at this 
same time also ran a long-term mark-and-recapture 
study for small mammals in the area, and were thus 
very familiar with the local small mammal species that 
are sometimes difficult to identify (Ruppert et al., 2012). 
The number and duration of visits of all animals were 

recorded. Video monitoring of rattan infructescences 
was performed continuously from July 2010 until De-
cember 2010 and again during several other fruiting 
events until the end of 2013. Camera trap locations 
comprised an area of around 1.5 km2.

Fruiting events of rattans

Calamus castaneus produced fruits non-seasonally 
throughout the year and one individual would exhibit 
different fruiting stages (ripe, unripe, budding, flower-
ing) all at the same time (Fig. 2C). Daemonorops cali-
carpa on the other hand is a hapaxanthic species, 
meaning that individuals only flower and fruit once in 
their lifetime and die subsequently (Fig. 2A) (Dransfield, 
1979). Thus, recorded fruiting events of D. calicarpa at 
the study site occurred far more seldom than those of 
C. castaneus. Both species have fruits and seeds that 
are similar in size (seed: 1 cm x 1 cm) (Fig. 2B).

Fig. 1. Location of the Segari Melintang Forest 
Reserve, Manjung District, Perak, Peninsular Ma-
laysia.
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RESULTS
Frugivorous mammals at the study site

A total of 25 frugivorous diurnal and nocturnal mam-
mal species (Table 1) were identified at the study site 
during the study period, either by camera trapping or 
live trapping (Ruppert et al., 2012). More species are 
probably present but escaped detection, for example 

several species of Sciuridae and Muridae that inhabit 
higher forest strata, or were missed due to low abun-
dance.

Rattan fruit monitoring

During the video surveillance of ripe rattan infructes-
cences a total of 485.1 minutes video footage was trig-
gered by forest-dwelling animals moving by the infra-
red-sensor of the cameras. The majority of species in 
these recordings showed no interest in the rattan fruits, 
and individuals of some species (e.g. M. fascicularis, 
Tupaia glis [Diard], Callosciurus notatus [Boddaert]) 
would examine the fruits but subsequently not take any. 

In all recorded footage, no other species but M. 
nemestrina was found responsible for any single recorded 
rattan fruit removal event. The species was recorded 
handling fruits for a total of 39.3 minutes, which cor-
responds to 8.1% of the overall recording time (Fig. 3). 

Fruit handling strategies

During different recording events, a total of 41 dif-
ferent M. nemestrina individuals (including adult males 
and females, as well as subadults and juveniles) were 
found foraging on rattan fruits. Together they picked 
148 different fruits. The most common fruit handling 
behaviour was: (1) peeling or opening the pericarp with 
teeth to get access to the mesocarp, and subsequent-
ly (2) sucking the pulp and ingesting the seed (38.3%). 
Cheek pouch feeding (34.0%) and ingestion of the 
whole fruit (27.7%) also occurred frequently. In only 
2.1% of the recordings, picked fruits were discarded or 
seeds were spat out at site (Table 2). Juveniles not dis-
tinguishable by sex (34.4%) and adult males (29.3%) 
were most frequently recorded on rattans (Table 2), 
however adults males and females picked the most 
fruits (38.5% and 30.4%, respectively) (Fig. 4). During 
several examinations of the forest floor under fruiting 
rattans, opened fruits were found where the pulp and 
seeds had been removed and possibly ingested by pri-
mates (Fig. 5). No seeds were found at the site.

DISCUSSION
This study highlighted the importance of M. nemestrina 

for rattan seed dispersal in forests of the Malay Penin-
sula. Here, the fruits of two abundant, non-climbing (or 
acaulescent) rattans with low clustering ability (Drans-
field, 1979), C. castaneus (here: 6.1 stems ha-1) and D. 
calicarpa (here: 3.1 stems ha-1), were found to be con-
sumed solely by one primate species at the study site. 
Despite the presence of four other primate species and 
over 16 terrestrial obligate-frugivorous small mammal 
species, M. nemestrina alone was found responsible 

Fig. 2. (A) Infructescence of Daemonorops cali-
carpa (Griff.) Mart. (B) Fruit of D. calicarpa with 
pericarp, mesocarp and seed. (C) Infructescence 
of Calamus castaneus Griff. with different devel-
opment stages (ripe, unripe, budding, flowering).
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ENGLISH NAME SCIENTIFIC NAME

Muridae

Sundaic Lenothrix Lenothrix canus Miller, 1903

Chestnut White-bellied Rat Niviventer fulvescens (Gray, 1847)

Red Spiny Red Maxomys surifer (Miller, 1900)

Whitehead’s Spiny Rat Maxomys whiteheadi (Thomas, 1894)

Rajah Spiny Rat Maxomys rajah (Thomas, 1894)

Polynesian Rat Rattus exulans (Peale, 1848)

Malaysian Field Rat Rattus tiomanicus (Miller, 1900)

Annandale’s Rat Rattus annandale Bonhote, 1903

House Rat Rattus rattus (Linnaeus, 1758)

Long-tailed Giant Rat Leopoldamys sabanus (Thomas, 1887)

Sciuridae

Plantain Squirrel Callosciurus notatus (Boddaert, 1785)

Prevost’s Squirrel Callosciurus prevostii (Desmarest, 1822)

Pale Giant Squirrel Ratufa affinis (Raffles, 1821)

Black Giant Squirrel Ratufa bicolor (Sparrman, 1778)

Shrew-faced Ground Squirrel Rhinosciurus laticaudatus (Müller, 1840)

Low’s Squirrel Sundasciurus lowii (Thomas, 1892)

Tupaiidae

Pen-tailed Treeshrew Ptilocercus lowii Gray, 1848

Common Treeshrew Tupaia glis (Diard, 1820)

Tragulidae

Lesser Mousedeer Tragulus kanchil (Raffles 1821)

Viverridae

Common Palm Civet Paradoxurus hermaphroditus (Pallas, 1777) 

Lorisidae

Sunda Slow Loris Nycticebus coucang (Boddaert, 1785)

Cercopithecidae

Dusky Langur Trachypithecus obscurus (Reid, 1837)

Long-tailed Macaque Macaca fascicularis (Raffles, 1821)

Southern Pig-tailed Macaque Macaca nemestrina (Linnaeus, 1766)

Hylobatidae

Agile Gibbon Hylobates agilis F. Cuvier, 1821

Table 1. List of frugivorous mammal species observed at the study site during the study 
period.
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for rattan fruit removal and ingestion. Similar findings 
might be expected in forests of Peninsular Malaysia 
with similar mammal species composition. It should be 
pointed out that the study site lacks any bigger her-
bivorous mammal species, like tapirs or elephants. Ef-
fects of macaques on seed dispersal might thus vary 
in forests where competition for fruits is higher (also 
in regard to the presence of orangutans in Borneo or 
Sumatra). 

According to the IUCN Red List Macaca nemestrina 

is classified as Vulnerable (Richardson et al., 2008) and 
its possible role as the single species seed disperser 
for acaulescent rattan species may have far-reaching 
consequences for conservation efforts, also from the 
plant perspective. It might be argued that, whilst hav-
ing a low clustering ability, the high output of fruits, 
especially in C. castaneus (see Fig. 2C), and the high 
abundance C. castaneus point towards an effective 
seed dispersal strategy, likely facilitated by M. nemes-
trina at the study site. 

Fig. 3. Juvenile Macaca nemestrina (Linnaeus) picking and ingesting fruits of Calamus castaneus Griff. (<1m 
above ground; still images taken from video of camera trap).

Table 2. Rattan fruit handling behaviour of different Macaca nemestrina (Linnaeus) individuals (N=41).

Behavior Pick fruit 
&

 discard

Peel 
pericarp

Suck pulp 
& ingest Spit seed Ingest as 

whole

Put in 
cheek 
pouch

n# ID of the 
individual1

SA♂ - 1, 2, 16, 21 1, 2, 16 - 16, 40 21 4

SA♀ - - - - - - 0

A♀ 372 4, 13, 25, 
34, 35, 37

4, 25, 34, 
35, 37

- 4, 5 13, 25, 30, 
34

7

A♂ - 11, 14, 18, 
28, 29, 36

11, 14, 18, 
28, 29, 36, 

38

28 11, 14, 18 3, 7, 9, 11, 
12, 22

12

Juv♀/♂ - 19, 26, 27, 
31, 32, 36

19, 26, 27, 
31, 32, 36

- 6, 33, 36, 
39, 41

10, 20, 23, 
24

14

Unidentified - 17, 20 17, 20 - 8, 15 17 4

Frequency of 
behaviour

1 24 23 1 13 16

1 ID numbers refer to numerical order of recorded individuals on camera trap. 
2 #37 picked whole infructescence and discarded some fruits and ingested others.
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There might be several reasons why other primate 
or small mammal species at the study site did not 
engage in rattan fruit removal. For the more arboreal 
primate species (Hylobates agilis F. Cuvier, Trachyp-
ithecus obscurus Reid and M. fascicularis) low-grow-
ing rattans of the understorey vegetation might simply 
be growing outside their preferred niche. However, 
there were several recordings showing M. fascicularis 
and T. obscurus sitting next to fruiting rattans on the 
ground. One video showed the attempt of one M. fas-
cicularis individual to reach for some rattan fruits, but 
it was chased away by an adult male M. nemestrina 
already present at the site. This does point towards 
competition for ground resources between these two 
species, where M. nemestrina seems to dominate this 
habitat type (Caldecott, 1986). On the other hand, 
peaceful interactions between groups of both species, 
resulting in mixed-species foraging cohorts, even lead-
ing to playful interactions between subadult members 
of both species, could be frequently observed (N. Rup-
pert, pers. obs.).

So there might also be other reasons unknown to 
the authors for why M. fascicularis could not be re-
corded feeding on rattan fruits at the study site. Slow 

lorises Nycticebus coucang (Boddaert), which are 
nocturnal and thus inhabit another ecological niche, 
could be expected to feed on ripe fruits (Wiens & Zitz-
mann, 2003). They were frequently recorded on videos 
monitoring Dull Bertam Palm (Eugeissona tristis Griff.) 
flowers at the study site (F. Wiens, in litt.) but not a sin-
gle individual was caught on camera near rattans, for 
reasons unknown. Also nocturnal and diurnal rodents 
could not be associated with rattan fruit removal, which 
might be due to the seed size that is presumably too 
big to be handled by small mammal species (P.-M. For-
get, pers. comm.). In general, not many studies on M. 
nemestrina have been conducted in the wild (e.g. Cal-
decott, 1986; Oi, 1990). These primates live in multi-
male multi-female groups with a group number of up to 
80 individuals (Caldecott, 1986). Usually higher ranking 
males gain prior access to food sources. Groups of-
ten split up during daily foraging tours, and adult males 
might wander solitarily over longer daily distances than 
females and juveniles (Caldecott, 1987). Here, it was 
shown that adult males contributed most to rattan fruit 
removal, and might thus also carry seeds over longer 
distances than females, who do not leave their group. 
Adults, in contrast to subadults, were responsible for 
the majority of 69% of rattan fruit removal.

Fig. 4. Total number of rattan fruits (N=148) ingested by Macaca nemestrina (Linnaeus) 
according to age and sex.
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Preliminary data on a habituated group of M. 
nemestrina at the study site indicates that the group 
travels between  1.5 km and 3.5 km (average 1,880 
m) per day, with a mean travelling speed of 420 m h-1 
during the active period” However, gut passage time 
between the sexes and age may differ, which compli-
cates the prediction of dispersal distances, but there 
hardly exists any literature for this on wild macaques 
(e.g. Corlett, 2009 mentioned seed dispersal distanc-
es by macaques ranging between 10 m to 100 m). 
A study on captive Macaca fuscata (Blyth) indicated 
a mean retention time of larger seeds of 37-54 hours 

(Tsuji et al., 2010) with 4.4% of ingested seeds passing 
through the GI tract intact (Otani, 2004). Wild Macaca 
leonina (Blyth) ingested the seeds of at least 15 fruit 
species in Khao Yai, Thailand where some seeds were 
dispersed and others predated (Latinne et al., 2008). 
There, a variety of fruits were dispersed by over 25 
different animal species, including macaques, but no 
close relationship between a particular fruit plant and a 
frugivore was found (Kitamura et al., 2002).

In order to study the impact of M. nemestrina on 
seed dispersal, more studies including experiments on 
gut passage time, daily foraging distances and effects 
of gut passage on seed germination correlated to gen-
der and age must be conducted in the future. These 
preliminary results point towards a role of M. nemestri-
na as seed disperser rather than predator for acaules-
cent rattans. The fact that only M. nemestrina was 
found to consume rattan seeds does put extra weight 
on the need of acting towards protection of these pri-
mates. As there seems to be no redundancy in seed 
dispersal agents for non-climbing rattans, a decline in 
M. nemestrina abundance might directly influence rat-
tan population dynamics and lead to an erosion of their 
genetic diversity.
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ABSTRACT
Conservation International (CI) in Indonesia has developed three conservation awareness programmes since 1995; two pro-

grammes are still running, while one was discontinued due to funding issues. These conservation education programmes are 

part of a long-term plan by CI to prioritize large-scale efforts to conserve biodiversity in Indonesia by pulling together various 

stakeholders and partners. Through partnerships with local non-governmental organizations, the government, universities, the 

private sector and other donors, environmental education programmes can be sustained. Successes in terms of the conserva-

tion of flagship species have been achieved in some areas. For example, the Sumatran Orangutan Pongo abelii Lesson was 

used as a flagship species in education programmes at the Sibolangit Interpretive Centre. However, in local forest communities 

the use of the flagship-species approach was perceived to be effective only in conjunction with raising awareness of ecological 

services. Discontinuation of the Sibolangit Interpretive Centre occurred due to a lack of donor support, as has been the case for 

many conservation education programmes in Indonesia. Nationwide, few public awareness programmes focusing on species 

have endured and proven effective without relying on donors. A key to the success of the surviving programmes is engagement 

with a variety of partners that provide various skills, funding opportunities, and resources.

Keywords: Awareness programmes, conserving biodiversity and parks, Indonesia, orangutan.

INTRODUCTION
Globally, conservation awareness-raising has often 

been embedded within environmental education at 
the primary, secondary and tertiary levels of the formal 
education system, as well as within extra-curricular ac-
tivities for children and adult education programmes. 
These activities include any type of educational pro-
gramme about nature, wildlife and the environment 
with the underlying goal of developing the following 
outcomes: an appreciation for nature, knowledge of 
nature or participation in activities related to the pro-
tection of nature. These programmes aim to increase 
awareness and alter behaviour to contribute to conser-
vation and decrease environmental destruction result-
ing from human practices. Although conservation edu-
cation alone will not solve all environmental problems, 
effective education and communication programmes 
are a prerequisite for better natural resource manage-

ment and, ultimately, for safeguarding the biosphere on 
which we all depend (Jacobson, 1995).

Indonesian environmental education programmes 
began in the late 1960s, mostly in schools, and gained 
momentum when the Government of Indonesia es-
tablished the Ministry of the Environment in the early 
1970s. Initiatives to educate Indonesians about the 
environment have mostly been embedded in curricula, 
biology books and related activities, such as nature 
clubs, at many universities. Non-governmental organi-
zations (NGOs) have played a significant role by either 
developing conservation centres in or near parks or by 
proactively working with schools to develop the nec-
essary biodiversity conservation content for their cur-
ricula (Indrawan et al., 2007; Supriatna, 2008). 

Although public environmental education is not a 
new idea, it has previously had only a small-scale and 
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short-term impact in Indonesia. The oldest environ-
mental education facility is the Seloliman Forest Centre 
in East Java, which brings together students, educa-
tors, farmers, governments, businesses, women’s 
groups and the general public to learn about the en-
vironment. Courses at Seloliman have included semi-
nars to promote the integration of environmental edu-
cation into school curricula, and workshops for local 
villagers to learn skills for environmentally friendly living. 
This centre is not only the oldest in Indonesia, but it 
has received many awards for successfully educating 
a wide range of stakeholders in environmental issues.

In 1995, World Wide Fund for Nature (WWF) Indo-
nesia created an environmental awareness programme 
that departed from other such initiatives through a 
special project that included motor vehicles equipped 
with films and flyers for school children, communities 
and stakeholders in forested areas, such as national 
parks and other protected areas (WWF Indonesia, 
2014). Another NGO, Conservation International (CI), 
initiated similar programmes in three locations in 1996. 
The first was Bodogol Conservation Education Centre 
(BCEC) in the Gunung Gede Pangrango National Park 
near Bogor, West Java, which is south of Jakarta, the 
capital city of Indonesia (Ario & Supriatna, 2015). The 
second was the Sibolangit Interpretive Centre (SIC), 
which was established in North Sumatra Province as 
an anchor for conserving parks and biodiversity over 
large areas, such as the Leuser Ecosystem (2.3 million 
ha). The third programme was located in the marine 
and coastal areas of Raja Ampat in West Papua. This 
programme continues to this day and utilizes a large 
ship called ‘Kalabia’ which means ‘shark’ in the local 
language, as a mobile classroom on the water. 

In North Sumatra, CI awareness programmes were 
focused on saving parks that support the Sumatran 
Orangutan. The Sumatran Orangutan is one of the six 
closest relatives of humans, and is rapidly moving to-
ward the brink of extinction (Rijksen, 2001). The Su-
matran Orangutan population is concentrated in the 
northern part of the island, in the North Sumatra and 
Aceh provinces. There are several small parks in North 
Sumatra and Aceh between 1,000 and 10,000 ha in 
size, such as Dolok-Sipirok Protected Area (6,970 ha), 
Sibual-buali Protected Area (5,000 ha), Jantho Pro-
tected Area (8,000 ha), and only one large park, Leuser 
National Park, of 1.1 million ha (Supriatna et al., 2001). 
Sumatran Orangutan is found only in part of Leuser 
National Park and a few small protected areas in North 
Sumatra. Loss of natural habitat and poaching are the 
most significant factors contributing to the reduction of 
orangutan populations in North Sumatra. With current 

estimated rates of logging, habitat loss and the asso-
ciated removal of orangutans, results from a Popula-
tion and Habitat Viability Analysis (PHVA) indicated that 
only populations of 6,600 or more orangutans showed 
long-term viability, and that high logging rates of 10-
20% annually will quickly drive populations to extinc-
tion (Singleton et al., 2004; Utami & van Schaik, 2010).

CI programmes on conservation awareness have 
been using ‘flagship species’, a term applied to a 
popular, charismatic species that serves as a symbol 
and rallying point to stimulate conservation awareness 
and action (Heywood, 1995). All the advantages of us-
ing flagship species may be reinforced by appropriate 
marketing that successfully enhances or highlights the 
species’ charisma to serve a conservation campaign 
(Bowen-Jones & Entwistle, 2002). One notable exam-
ple is the rehabilitation of the image of the Komodo 
Dragon Varanus komodoensis Ouwens, which used 
to be feared and hunted by local populations, but has 
become a strongly charismatic and even emblematic 
species for both local populations and tourists thanks 
to an ambitious conservation programme (Walpole 
& Leader-Williams, 2002). Many other species have 
been ‘re-designed’ as charismatic species by such 
programmes.

In this paper, we review the CI conservation aware-
ness initiatives that focused on educating the commu-
nities living in forested areas around parks, and used 
wildlife species as flagships, in SIC in the Sibolangit 
Nature Reserve of North Sumatra. The programmes 
were considered successful for a while, but have now 
stopped due to no further donor support. We analyze 
the awareness-raising activities in North Sumatra and 
compare them with the CI programme in West Java, 
and draw lessons for future environmental awareness 
programmes in Indonesia.

Programme Development of Sibolangit Interpre-
tive Centre, North Sumatra

From 2001 to 2004, with funding from the Critical 
Ecosystem Partnership Fund (CEPF) and in partner-
ship with the local office of the Ministry of Forestry, 
CI developed SIC, which was located approximately 
one hour’s drive from Medan toward Berastagi. SIC 
used the Sumatran Orangutan as its flagship species 
to increase public awareness about natural resource 
management and biodiversity conservation. The cen-
tre was situated on the main road between Medan 
and Lake Toba in central North Sumatra near a large 
lake formed by the eruption of a super volcano (Fig. 
1). It focused on conservation education and raising 
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public awareness within the communities surrounding 
Gunung Leuser National Park (Perbatakusuma et al., 
2009). 

SIC’s staff was supported by volunteers from the 
surrounding communities, all of whom had undergone 
intensive training in nature interpretation. To reach au-
diences who otherwise might not have had the oppor-
tunity to learn about orangutan conservation, CI also 
operated the Orangutan Mobile Education Unit, which 
took the conservation message beyond the gates of 
Sibolangit to remote areas. These areas included vil-
lages of refugees from the Aceh Tsunami of December 
2004 that had been created within the national park. 

From 2005 to 2007, additional funding from USAID 
and a private donor was secured allowing the mobile 
unit to expand its coverage to West Batang Toru. The 
mobile unit travelled to remote villages and camped 

out for 3-4 days with regular return visits throughout 
the year. During visits, the CI team conducted infor-
mal learning sessions ranging from school visits and 
puppet shows to interactive games and daytime forest 
walks. The mobile unit was warmly received by local 
communities and was very effective in raising aware-
ness among its target audiences. It reached villages 
and refugee camps in regencies in North Sumatra, and 
hundreds of people attended each session, particularly 
a popular, evening ‘orangutan film series’ (Fig. 2). The 
Mobile Education Unit was an integral part of conser-
vation education and awareness-raising work in North 
Sumatra, and it also provided an important entry point 
for reaching local decision makers. 

Interpreters play a very important role in conserva-
tion education and awareness-raising throughout the 
world, and through them, the public comes to under-

Fig. 1. Sibolangit Interpretive Center, Leuser National Park and Batang Toru Protected Area.
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stand nature and its role in supporting their livelihoods. 
Interpreters have the skill to communicate and trans-
late the technical facets of the environment and its 
interactions to non-scientist audiences in a clear and 
comprehensible manner. Thus, good interpreters are 
a key component of successful conservation educa-
tion and awareness programmes. Training materials 
for interpreters in this programme included the basics 
of ecology for nature guides or interpreters, conserva-
tion games, the basics of nature interpretation, com-
munication for nature guides and interpreters, flora and 
fauna identification, jungle survival, and practice in the 
field.

As part of developing the education and awareness 
programme, the level of knowledge about orangutan 
conservation in the area surrounding Gunung Leuser 
National Park was assessed. Surveys were under-
taken to evaluate the knowledge level, attitudes and 
behaviours of the community to provide a foundation 
for developing a targeted campaign strategy. The sur-
veys were conducted in three sub-districts (Bohorok, 
Sibolangit and Tiga Lingga) bordering on or in prox-
imity to orangutan habitats. There were a total of 360 
respondents, 48 of whom were the formal and informal 

leaders of their communities. In addition to the surveys 
of communities, we conducted an assessment spe-
cifically designed to evaluate the knowledge, attitudes 
and behaviours of the decision makers (Perbatakusu-
ma et al., 2009). 

The survey results suggested that the communi-
ties in the sub-district of Tiga Lingga (Fig. 1) had the 
lowest level of knowledge about forests, orangutans, 
and the relationship between the two, even though the 
area is the nearest to orangutan habitat. In most of the 
study areas, the decline in clean water (both availability 
and quality) was the most important concern for the 
people interviewed. Most of the respondents identified 
their immediate welfare as their first priority, with for-
est destruction and orangutan conservation as a lesser 
concern. 

Based on the responses from the target groups, 
three categories of educational activities were devel-
oped. The first category specifically targeted adult 
members of the general public, including the refu-
gees in the park. It included the creation of illustrated 
informational materials in the form of fact sheets and 
posters, the production of sermon sheets, the devel-

Fig. 2. The mobile unit.
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opment of information boards for the local cafe, and 
movie sessions and discussions. The sermon sheets 
were pages with information on the environment and 
biodiversity conservation, which were developed by 
the programmes in collaboration with priests and given 
out during Sunday prayer. SIC and the mobile unit staff 
also collaborated with partners to produce and distrib-
ute additional materials, such as video news releases, 
posters, T-shirts and a variety of souvenirs such as or-
angutan dolls. 

From our present review of these two parallel pro-
grammes, SIC and the mobile unit team, in and around 
North Sumatra forests, we postulate that increasing 
public awareness of the important environmental ser-
vices (e.g. watershed protection, erosion control) that 
forests provide may have been a key contributor to an 
observed slowing of illegal logging by smallholders in 
those areas visited by the mobile unit team (authors, 
personal observations), although data is lacking. Most 
of the content offered in both activities fitted with the 
idea of ecosystem services. In addition, appreciating 
how the survival of orangutans in Sumatra was linked 
to the forests in which they live, enabled communities 
and decision-makers to understand the importance of 
reducing further loss of habitat through cessation of 
logging or conducting habitat restoration, and through 
providing alternative livelihood opportunities for local 
communities.

Lessons learnt from the Conservation Awareness 
programmes 

Conservation education and awareness-raising fo-
cused on flagship species is not new, but conducting 
this with a range of tools, as in this example, has not 
been carried out by many national or international or-
ganizations in Indonesia. Many organizations in Indo-
nesia (WWF, CI, Birdlife International, Wildlife Conserva-
tion Society) have conducted conservation education 
programmes using charismatic flagship species. Such 
campaigns have commercial, ecological, promotional 
and practical advantages. The first advantage regards 
public communication, and the recognition that using 
a sympathetic or ‘charismatic’ symbol for conservation 
issues can generate interest and motivate public action 
for conservation (Lorimer, 2007). 

In addition, using animals that are already recog-
nized as sacred or traditionally symbolic can signifi-
cantly increase cooperation of local populations and 
their willingness to respect restrictions and constraints 
that may be imposed by the conservation programme 
(Bowen-Jones & Entwistle, 2002; Schlegel & Rupf, 

2010). It can also facilitate environmental education. In 
the case of our programme at BCEC in West Java, 
the Javan Hawk-eagle Nisaetus bartelsi (Stresemann) 
(‘Garuda bird’) was selected because it is a widely-un-
derstood symbol of Indonesia, while the Javan Gibbon 
Hylobates moloch (Audebert) was chosen because it 
is among the most ‘cute and loveable’ animals in the 
area (Supriatna & Ario, 2015). 

One consideration in selecting flagship species re-
gards the scope and definition of flagship species: if 
one defines it purely as the ‘symbolic construct of a 
marketing campaign’ without any consideration of oth-
er values such as the species’ role in the ecosystem 
(Verissimo, 2011), then charisma is likely to be the only 
parameter used to select a flagship species; the only 
aim of such an application is to maximize the generos-
ity of potential donors for conservation in general (Wal-
pole & Leader-Williams, 2002). In this case, the flag-
ship is no more than a mascot, which must embody 
the entirety of the biodiversity crisis at a given scale (the 
panda – in the logo of WWF - being a major symbol 
of worldwide biodiversity). It need not be a keystone 
or umbrella species, nor even endangered (Walpole & 
Leader-Williams, 2002). 

Why were flagship species used, and, in particular, 
why (at SIC) Sumatran Orangutan? Sumatran orangu-
tan acted as an umbrella for all other forest species. It 
has been regarded as a flagship species that can raise 
conservation awareness to ensure survival of the for-
ests that contain many other organisms (Utami & van 
Schaik, 2010). In Sumatra, many communities already 
knew that the habitat of the Sumatran Orangutan had 
decreased rapidly due to habitat conversion for com-
mercial and subsistence agriculture, logging, open pit 
mining, forest fires, infrastructure development, local 
encroachment and many other factors. Sumatran for-
ests were undergoing the highest rate of conversion in 
the world (Rijksen, 2001; Supriatna et al., 2002; Wich 
et al., 2008; Singleton et al., 2009), causing a loss of 
orangutan habitat. 

Support for conserving Sumatran Orangutans has 
been very high among people outside Sumatra but this 
was not the case with North Sumatra villagers. In some 
cases, protection of orangutans in the forest may not 
have been the villagers’ concern, therefore, we had to 
put emphasis on the key environmental services (e.g. 
watershed, erosion control) that forests provide as a 
way to slow illegal logging and, ultimately, conserve 
orangutans. Thus the effectiveness of the flagship spe-
cies approach per se was limited in these communi-
ties without a connection to their direct wellbeing. It is 
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clear that without efforts to reduce fragmentation and 
link orangutan populations, continued habitat loss and 
losses to poaching will soon drive this species close to 
extinction. To counteract this threat, local communities 
must recognize the importance of the species and the 
forests in which they live (Conservation International 
Indonesia, 2007). 

From our awareness-raising activities in both North 
Sumatra and West Java the success of the awareness 
programmes has depended on how the programmes 
have been set up: especially financial management. 
The awareness programme in BCEC, West Java used 
a collaborative financing strategy, in which all partners 
helped to develop a business plan and raise the money 
together; it was not dependent on particular bilateral 
or private donors. In North Sumatra, however, the pro-
gramme was heavily dependent on two donors, CEPF 
and USAID. Once those two donors pulled out the pro-
gramme stopped suddenly. At the end of 2004, a huge 
earthquake and tsunami hit Aceh Province, just a few 
hundred miles north of SIC, and many donors changed 
their priorities toward relief programmes. Thus the 
North Sumatra conservation awareness programme 
was discontinued due to a lack of donors, and CI’s 
programme in Sumatra was also changed toward 
post-tsunami relief projects. 

In the case of BCEC in West Java, because of the 
sustainable financing mechanism the programme con-
tinues until now. It features several packages for multi-
day visits, which include programme fees, tickets, in-
surance, interpreters, accommodation, welcome drink, 
meals and transportation. The cost for these ranges 
from US$20 to $50 per person, and encompasses tai-
lored themes for research tourism, family gatherings, 
‘outbound fun’ adventure tourism, family camps and 
others. These tourist programmes not only promote 
conservation education, but also provide employment 
opportunities for members of communities around the 
park, providing food and transportation to visitors or 
working as field staff and interpreters. 

The comparison of the two different models indi-
cates that a conservation awareness programme will 
ultimately only be successful in the long term if it is sup-
ported, now and well into the future, with enough fund-
ing, either through donations or a financing model that 
raises funds from visitors, or a combination of both. A 
summary of the two conservation programmes is pre-
sented in Table 1. 

SIC, which depended on donors rather than income 
from visitors and participants in its programs, was 
terminated in 2005 after CI handed it over to a local 

NGO. Unfortunately, the local NGO was unable to raise 
enough funding to sustain the education and aware-
ness programme, after CI was able to give it support 
for just a one-year extension.

A number of educational methods were used, in-
cluding fact sheets, posters, displays, and Powerpoint 
presentations, along with several editions of sermon 
sheets to promote the importance of protecting spe-
cies and nature from the perspectives of both Islam 
in West Java and Christianity in North Sumatra. Each 
of these awareness-raising activities was preceded by 
an awareness needs assessment of the general public 
(including refugees in the park in the case of North Su-
matra) and key decision makers such as local govern-
ment officers and conservation officers. 

The flagship species approach can only success-
fully reach larger audiences if it is set up by collaborat-
ing organizations with the respective park organization 
and local or indigenous organizations. Creating alli-
ances requires building awareness and creating incen-
tives for people to support conservation efforts. Cre-
ating such alliances, and disseminating information to 
people around parks and decision makers and to par-
ticipating communities generally, have been used by CI 
Indonesia in the two examples reviewed here. These 
conservation education programmes have been suc-
cessful in helping people understand the importance 
of ecosystems, the species in them and their role in 
livelihoods in West Java and North Sumatra. 
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Table 1. Summary of conservation education and awareness programmes initiated by Conservation International 
in North Sumatra and West Java, Indonesia. 

North Sumatra West Java*

Location Sibolangit Tourism Park, Leuser National 
Park

Gunung Gede Pangrango National Park

Target audience Communities around the Park and stu-
dents from the city of Medan

Communities around the park, invited 
students, paying visitors and family gath-
erings, and people from the cities of Bo-
gor, Sukabumi and Jakarta 

Partner organizations Conservation Office (BKSDA), CI, local 
NGOs, USAID

National Park, CI, local NGOs, Private 
sector

Outreach Sibolangit Interpretive Centre (SIC) and 
villages around the Orangutan habitat. 
Plus a radio talk show series discussing 
conservation and other related topics, 
and radio spots or Public Service An-
nouncements on conservation

Both at Bodogol Conservation Education 
Centre (BCEC) and people around the 
park

Flagship species Sumatran Orangutan Javan Hawk-eagle and Javan Gibbon

Equipment Digital and film documentation and also 
working with the church and Muslim 
leaders

Digital film and working with Muslim 
boarding-school leaders

Infrastructure/ Vehicles In the Park: SIC (1 office house, 1.5 km 
trails, several gazebos)
Outside the Park: With 2 vehicles (4WD 
SUV and medium-size bus) travelling 
to villages and schools and churches 
around Leuser National Park and Batang 
Toru Forest

In the park: BCEC (2 rooms with 40 bunk 
beds, 1 class room, volunteer house, 
staff house, guard house, 2 gazebos, res-
taurant, canopy bridge, 2 km trails)
Outside the Park: Working with Ford 
Company (SUV), travelling from school 
to school around the park, Islamic board-
ing school, villages around Gunung Gede 
Pangrango National Park

Funding Critical Ecosystem Partnership Fund 
(CEPF), World Bank GEF and USAID

Collaborative partnership (park budget, 
local and international companies, sale 
of tickets, programme packages), Kei-
danren Foundation from Japan, compa-
nies (Mattel), and entrance fee and pro-
gramme packages

Educators CI staff and occasionally with park rang-
ers at SIC. Two motor vehicles travelling 
with 3-4 crew went to several villages in 
the buffer zone of Leuser National Park

CI staff in collaboration with University 
of Indonesia, volunteers from NGOs and 
Park authorities developed education 
modules, flyers and digital information 
together

Duration 2001-2004, extended until 2007 1998 to present

Tag lines or 
Programmes

‘Save the Orangutan’ ‘Discover the Secret of the Rainforest’, 
‘Forest the Food Supplier’, ‘Forest, the 
Drug Store’, and ‘Life in the Canopy’

*from Ario & Supriatna, 2015
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The World’s 25 Most Endangered Primates 2012–2014

AFRICA

Rondo dwarf galago Galagoides rondoensis Tanzania

Roloway monkey Cercopithecus roloway Côte d’Ivoire, Ghana

Bioko red colobus Piliocolobus pennantii pennantii Equatorial Guinea (Bioko Is.)

Tana River red colobus Piliocolobus rufomitratus Kenya

Grauer’s gorilla Gorilla beringei graueri DRC

Madagascar

Madame Berthe’s mouse lemur Microcebus berthae Madagascar

Sclater’s black lemur Eulemur flavifrons Madagascar

Red ruffed lemur Varecia rubra Madagascar

Northern sportive lemur Lepilemur septentrionalis Madagascar

Silky sifaka Propithecus candidus Madagascar

Indri Indri indri Madagascar

ASIA

Pygmy tarsier Tarsius pumilus Indonesia (Sulawesi)

Javan slow loris Nycticebus javanicus Indonesia (Java)

Pig-tailed snub-nosed langur Simias concolor* Indonesia (Mentawai Is.)

Delacour’s langur Trachypithecus delacouri Vietnam

Golden-headed or Cat Ba langur Trachypithecus poliocephalus Vietnam

Western purple-faced langur Semnopithecus vetulus nestor Sri Lanka

Grey-shanked douc monkey Pygathrix cinerea Vietnam

Tonkin snub-nosed monkey Rhinopithecus avunculus Vietnam

Cao-Vit or Eastern black-crested gibbon Nomascus nasutus China, Vietnam

NEOTROPICS

Variegated spider monkey Ateles hybridus Colombia, Venezuela

Ecuadorian brown-headed spider monkey Ateles fusciceps fusciceps Ecuador

Ka’apor capuchin Cebus kaapori Brazil

San Martín titi monkey Callicebus oenanthe Peru

Northern brown howler Alouatta guariba guariba Brazil

* The pig-tailed snub-nosed langur Simias concolor had previously been classified as Nasalis concolor and 
referred to as such in the 2012–2014 Top 25 Fact sheets
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