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Summary 

The project Conservation of Carnivores in Sabah (ConCaSa), a joint initiative of the 

Leibniz Institute of Zoo and Wildlife Research (IZW) from Berlin, Germany, Sabah 

Wildlife Department, Sabah Forestry Department, Universiti Malaysia Sabah and 

WWF-Malaysia, conducted wildlife surveys in Segaliud Lokan Forest Reserve 

between October 2009 and May 2010. This forest reserve is managed by KTS 

Plantation Sdn Bhd and received the certification for a well-managed forest by the 

Malaysian Timber Certification Scheme (MTCS) 2009. The main focus of the wildlife 

surveys was to investigate presence and abundance of carnivores, but also other 

larger mammals were recorded. The research methods applied by this project were 

primarily camera-trapping and night spotlight surveys. Camera-traps were set up in a 

grid system covering an area of 114 km² in the northern part of Segaliud Lokan 

Forest Reserve. Night surveys were performed from the back of the research vehicle 

along the primary and secondary roads. In addition day transect surveys were 

conducted to search for tracks and incidental sightings were recorded by our 

research team. A total of 39 mammal species were recorded. Among these species 

were some of the most threatened carnivores on Borneo like the otter civet Cynogale 

bennettii or the Sunda clouded leopard Neofelis diardi. Besides 17 species of 

carnivores we also recorded other species among several are threatened by 

extinction according to the IUCN Red List. For example the orang-utan, banteng, 

Asian elephants and pangolins were photographed with our camera-traps. 

Compared to the neighbouring forest reserves (Deramakot and Tangkulap), where 

similar surveys were conducted before, the number of recorded species and 

encounter rates were more similar to Tangkulap Forest Reserve, whereas in 

Deramakot Forest Reserve a few additional species like the Bornean bay cat 

Pardofelis badia were recorded. Also the primarily arboreal species and the species, 

which prefer closed canopy forests, were recorded in Segaliud Lokan on a lower 

frequency than in Deramakot. Nevertheless Segaliud Lokan Forest Reserve 

harbours, similar to its neighbouring areas a high diversity of medium size to larger 
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mammals. Among these mammals several are threatened of extinction, making the 

long-term sustainable management of Segaliud Lokan very important for the 

protection of these species. A long-term wildlife surveying programme is needed to 

monitor the population fluctuations and responses of the species to the ongoing 

logging activities. Although the forest structure of Segliud Lokan was affected by the 

conventional selective logging strategies in the past, the shift to a natural forest 

management with low-impact selective logging practices offers the potential for this 

forest reserve to recover and to contribute to the conservation of the high biodiversity 

of Bornean tropical rainforests.  
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1. Background 

A    Importance of Wildlife Surveys in Forest Management Units 

Borneo has one of the highest diversity of vertebrates and several studies highlighted 

the importance of Bornean rainforests for the conservation of the global biodiversity 

(e. g. Myers et al. 2000). Although Borneo has been connected to the other Sunda 

Islands during the last glacial just 10.000 years ago (Voris et al. 2000), allowing 

species to migrate between the islands (Medway 1972), Borneo inhabits a high 

number of endemic species. For example Borneo has more endemic species of 

carnivores than any island except Madagascar and is one of the world's highest 

priority areas for their conservation (IUCN Small Carnivore Specialist Group). 

However, this biodiversity hotspot is threatened, due to the transformation of large 

tracts of forests into monocultures, primarily oil palm plantations. Although also in 

Sabah, Malaysian Borneo, large areas, especially of the lowland forests have been 

converted to plantations, until today over 50 % of the state is covered with forests. 

This provides a great potential to protect the unique biodiversity in this region. 

Nevertheless only a much lower percentage of these forests are declared as total 

protected areas and these forests are comparable small and highly fragmented. The 

much larger part of the forests is classified as “commercial forests reserves”. These 

forests were managed under different forest management strategies in the past, with 

some being “well-managed” under a low-impact selective logging strategy since 

almost 20 years (Deramakot Forest Reserve) and others having been more affected 

by higher timber volume extraction rates and shorter felling cycles. Although Borneo 

is so rich in its animal life, until today the consequences of these different strategies 

on most of the species have never been assessed in detail. Only for a few flagship 

species like the orang-utan or the Bornean elephant better information is available, 

and data for these species suggest that they can cope with modifications in the forest 

structure to some extent and that also commercially used forests can play an 

important role in the conservation of these threatened species (Ancrenaz et al. 2005). 

However, in the shadow of elephants and orang-utans hundreds of smaller species 
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can be found in Bornean forests and a high number of these species are threatened. 

One of the most extinction prone groups is the group of carnivores (e. g. Terborgh 

1974, Cardillo et al. 2004). Being on top of the food chain carnivores usually occur in 

much lower densities than their prey species. Especially strictly carnivorous species 

like the cats usually suffer most if their habitats are getting fragmented and reduced 

as they require large areas for their survival. Of the seven large cat species we can 

only find one on Borneo, the Sunda clouded leopard (Neofelis diardi). Preliminary 

data from our project and from the Bornean Wild Cat and Clouded Leopard Project 

(Hearn and Ross in litt.) already indicate that this species occurs in very low densities 

and that maybe areas of a few thousand square kilometres will be needed to support 

a stable population (~50 breeding individuals) in the long-term perspective (~ 100 

years). As none of the totally protected areas in Sabah encompasses such a huge 

area especially the survival of this species largely depend on a sustainable 

management of the commercially used forests. 

The secretive and the mainly nocturnal behaviour of a great number of Bornean 

mammal species makes in depth ecological studies very difficult, time consuming and 

expensive. As a result basic data about the ecology, distribution and status of these 

species, all requirements for the development of species specific conservation 

strategies, are still missing. For example only after decades of intensive research 

2010 the Sabah Wildlife Department was able to publish the first action plans for 

three species, the orang-utan, the Bornean elephant and the Sumatran rhino. For 

almost all other Bornean species the knowledge can be summarized in one short 

paragraph. The flat-headed cat (Prionailurus planiceps), the bay cat (Pardofelis 

badia) and the otter civet (Cynogale bennettii) are three Bornean carnivores 

classified as endangered on the IUCN Red List, but except that all of them are very 

rare almost nothing is known. Similar clouded leopards on Borneo and Sumatra have 

only recently been discovered to be a separate species (Neofelis diardi), distinct from 

its continental relatives (Neofelis nebulosa) (Wilting et al. 2007). These examples 
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underline that, if a high percentage of the unique diversity of Bornean forests should 

be protected, intensive wildlife surveys are urgently needed. 

Today with the aid of remote cameras a tool has been developed, which allows 

scientists to discover the secrets of tropical rainforests and to surveys species, which 

have been undetected for decades. For example the hairy-nosed otter (Lutra 

sumatrana) has not been recorded in Sabah for over 100 years until our team 

recently rediscovered it in Deramakot Forest Reserve (Wilting et al. 2010b). These 

records are the first step for a better understanding of these threatened species and 

therefore essential for their conservation. Only if we understand the ecological 

requirements of the species we can help them to survive. As totally protected areas 

are comparable small and fragmented an ecologically and economically sustainable 

large scale habitat management is required and the consequences of different forms 

of forest exploitation need to be assessed.  

 

B    Objectives 

The main focus of the research project Conservation of Carnivores in Sabah 

(ConCaSa) is to compare the distribution and abundance of carnivores in forest 

reserves, which have been under a different forest management strategy in the past. 

Although the research project mainly focuses on carnivores our applied methods also 

allow us to study other larger to medium sized ground dwelling mammals. Our project 

provides a significant contribution to the understanding of the ecology of some of the 

least understood carnivore species in Sabah. The inclusion of different habitats 

provides a particularly balanced picture on habitat requirements of each species.  

For each of our study sites we aim to provide baseline data about the diversity of 

medium to large size mammals with a particular focus on the threatened wildlife 

species. We envisage that data on the presence of rare species in these forests 

reserves and a better knowledge about these species might encourage and support 
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the sustainable management of these forested areas. Such a long-term management 

would prevent these areas from deforestation and transformation into oil palm 

plantation and thus different species are able to form stable populations in these 

used forests. 

 

 C    Segaliud Lokan Forest Reserve 

Segaliud Lokan Forest Reserve is located north-east of Deramakot Forest Reserve in 

the Sabah District of Sandakan between longitudes 117° 23’ E and 117° 39’ E and 

latitudes 5° 20’ N and 5° 27’ N. Segaliud Lokan encompasses an area of 

approximately 570 km² and was first gazetted in 1955 as a commercial forest 

reserve. At that time the initial area was 1632 km² and over two third of the total area 

were later declared for agricultural development. Subsequently to the declaration of 

the area as a commercial forest reserve a high volume of timber was extracted by 

different timber companies until operations of the Sabah Timber Company Ltd were 

ceased in 1982. Until today the forests in Segaliud Lokan forest reserve is marked by 

this long history of largely unsustainable logging activities.  

Since 1994 KTS Plantation Sdn Bhd has been managing Segaliud Lokan Forest 

Reserve. First logging operations started under a conventional logging methods, but 

since 1998 and the implementation of the first 10 year management plan (1999 – 

2008) the applied methods changed to reduced impact logging (RIL) methods. Today 

most areas are managed under a natural forest management concept and only a 

minor fraction of the entire forest reserve is managed as a rubber tree plantation. In 

December 2009 KTS Plantations received the certification by the Malaysian Timber 

Certification Scheme for a “well-managed” forest reserve. 
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2. Methodology 

We applied several non-invasive methods to minimize disturbance by handling 

animals. 

 A    Camera-trapping Surveys 

We set up a network of 116 camera-traps (58 camera-trap stations) in the northern 

part of Segaliud Lokan (Figure 1) to collect scientific data on presence/absence, 

proportion of area occupied and abundance of carnivores, but also of other larger 

photo-trapped mammals.  

 

 

 

 

 

 

 

 

 

 

Figure 1: Study area in Segaliud Lokan Forest Reserve 

Each station consisted of two digital cameras facing each other to ensure that 

photographs of both flanks of the animal are taken. By this setup most felids and 

some civets can be distinguished individually on the basis of their distinct coat 
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pattern. The high number of camera-traps is necessary owing to the secretive 

behaviour of carnivores in Asian tropical rainforests. The camera-traps were placed 

along roads, former logging roads, rivers, creeks and game trails (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Location of the camera-traps within the study area 
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We designed a steel-housing with sharp nails on top, similar to Grassman et al. 

(2005), to protect our cameras against damages by elephants. By selecting camera-

trap sites carefully we try to maximise the chances to photograph a high proportion of 

the present mammal species. Nevertheless even the greatest number of camera-

traps cannot prevent that some species might have been overlooked and absence 

conclusion should not be taken. Especially the behaviour of the species needs to be 

considered, as strictly arboreal species like the small-toothed palm civet (Arctogalidia 

trivirgata) is very rarely photographed with ground-based camera-traps. We used a 

narrow 1.5 km interval between the camera-traps. Every 10 days we check the 

cameras to download pictures and check batteries. After a minimum of 50 days the 

cameras were shifted to an adjacent area (see Table 1). After two trapping periods 

for about 50 days the entire study area of approximately 114 km² was completed. 

Before this systematic camera-trapping started cameras were set up for preliminary 

data collection, but these data are not used for statistical calculations. However, 

species which were not recorded during systematic camera-trapping, but in the 

preliminary studies were added to the recorded species. 

Table 1: Camera-trapping statistics 
Station No. Date setup Date retrieved Trap night No of wildife 

photos 
1 9 Jan 2010 10 Mar 2010 60 134 
2 9 Jan 2010 11 Mar 2010 88 18 
3 9 Jan 2010 26 Jan 2010* 1 2 
4 9 Jan 2010 13 May 2010 101 32 
5 9 Jan 2010 11 May 2010 20 1 
6 10 Jan 2010 3 Mar 2010 52 63 
7 10 Jan 2010 4 Mar 2010 52 11 
8 10 Jan 2010 Loss 27 33 
9 10 Jan 2010 3 Mar 2010 52 38 

10 10 Jan 2010 3 Mar 2010 52 38 
11 10 Jan 2010 3 Mar 2010 52 65 
12 10 Jan 2010 3 Mar 2010 52 51 
13 11 Jan 2010 26 Mar 2010* 2 1 
14 11 Jan 2010 14 May 2010 45 9 
15 9 Jan 2010 1 Mar 2010 51 26 
16 9 Jan 2010 1 Mar 2010 51 28 
17 9 Jan 2010 1 Mar 2010 51 70 
18 9 Jan 2010 3 Mar 2010 53 52 



 

Wildlife Surveys in Segaliud Lokan Forest Reserve 
October 2010 

Prepared by Andreas Wilting & Azlan bin Mohamed 
 

- 10 - 

 

19 9 Jan 2010 3 Mar 2010 53 18 
20 9 Jan 2010 3 Mar 2010 53 69 
21 10 Jan 2010 3 Mar 2010 52 63 
22 10 Jan 2010 3 Mar 2010 52 62 
23 10 Jan 2010 3 Mar 2010 52 60 
24 10 Jan 2010 3 Mar 2010 52 67 
25 17 Feb 2010 14 Apr 2010 56 12 
26 11 Jan 2010 3 Mar 2010 51 49 
27 11 Jan 2010 3 Mar 2010 51 50 
28 11 Jan 2010 3 Mar 2010 51 18 
29 11 Jan 2010 4 Mar 2010 52 105 
30 13 Feb 2010 4 Apr 2010 50 26 
31 11 Jan 2010 3 Mar 2010 51 34 
32 4 Mar 2010 28 Apr 2010 55 65 
33 4 Mar 2010 28 Apr 2010 55 78 
34 4 Mar 2010 Loss  0 
35 4 Mar 2010 28 Apr 2010 55 87 
36 4 Mar 2010 28 Apr 2010 55 41 
37 5 Mar 2010 28 Apr 2010 54 33 
38 5 Mar 2010 28 Apr 2010 54 835 
39 5 Mar 2010 28 Apr 2010 54 34 
40 5 Mar 2010 28 Apr 2010 54 79 
41 5 Mar 2010 28 Apr 2010 54 126 
42 5 Mar 2010 28 Apr 2010 54 257 
43 5 Mar 2010 28 Apr 2010 54 50 
44 5 Mar 2010 28 Apr 2010 54 56 
45 5 Mar 2010 28 Apr 2010 54 22 
46 5 Mar 2010 28 Apr 2010 54 141 
47 6 Mar 2010 28 Apr 2010 53 17 
48 6 Mar 2010 28 Apr 2010 53 52 
49 6 Mar 2010 28 Apr 2010 53 29 
50 8 Mar 2010 1 May 2010 54 86 
51 8 Mar 2010 1 May 2010 54 56 
52 8 Mar 2010 1 May 2010 54 58 
53 8 Mar 2010 1 May 2010 54 84 
54 8 Mar 2010 1 May 2010 54 51 
55 8 Mar 2010 1 May 2010 54 55 
56 11 Mar 2010 1 May 2010 51 49 
57 11 Mar 2010 1 May 2010 51 55 
58 15 Mar 2010 7 May 2010 53 41 

* Camera locations 3 and 13 were flooded due to unexpected heavy rain. 
 

B    Habitat Characterization 

Within each study site GPS coordinates were taken and a digital map was produced 

using GIS software such as ArcGIS 9.3 (ESRI Inc.). Around each camera-trapping 
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station we described the habitat characteristic along three 250 m (0°, 120°, 240°) line 
transects. We measured different vegetation parameters: (1) canopy height 
(rangefinder), (2) DBH of all trees > 10 cm of diameter in a distance of 2 m from the 

transect, (3) canopy cover (spherical densitometer), and (4) understory vegetation 
density (vegetation density board). Furthermore we recorded signs of disturbance, 

water resources, fruiting trees and pioneer and climax trees. As our camera-stations 
were evenly distributed we expect to get a very good overview on the habitat 
throughout our study site. 

 C    Day Transect Surveys 

We established a network of transects to survey for animal tracks, droppings and 
other signs of activity or presence. Transect surveys were conducted along trails and 

former or existing logging roads. Our previous studies suggested that these roads are 
very useful for a successful location of tracks and faecal samples especially of 
carnivores, because dense habitats and ground leaves make sampling inside the 

forest impractical (Wilting et al. 2006). Each transect was sampled for ten times. The 
recorded tracks give us presence information about the larger mammal species. In 

addition during these surveys we were able record the presence of some species by 
incidental direct sightings.  

 D    Night Spotlight Surveys 

Beside the diurnal surveys we conducted night surveys along transects, because of a 
more nocturnal activity pattern of most carnivore species. These gave us additional 
information on the presence and abundance of carnivores and other mammal 

species and provide us with further information on activity and behaviour of these 
secretive carnivores. Night surveys were performed using a bright spotlight from the 

back of a pick-up car. A video camera was used to document the behaviour of the 
observed animals. During our previous studies in Deramakot and Tangkulap Forest 
Reserve we were able to record the first videos of some of the species 

[http://news.bbc.co.uk/ earth/hi/earth_news/newsid_8505000/8505785.stm]. 
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Figure 3: Transects used for day 
surveys 

 

 

 

 

 

 

 

 

 

 

Figure 4: Transects  
used for night surveys 
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3. Results and Discussion 

 A    Camera-trapping Surveys 

Within the six months of field work in Segaliud Lokan Forest Reserve, we were able 

to obtain with our camera-traps over 4500 wildlife photographs and although our 

camera-traps are only able to photograph larger to medium sized mammals, we 

recorded 36 different mammal species (Table 2). 

Table 2 Mammals recorded during the camera-trapping surveys 

Scientific name Common name 

Carnivora 
Neofelis diardi Sunda Clouded Leopard 
Pardofelis marmorata Marbled Cat 
Prionailurus bengalensis Leopard Cat 
Viverra tangalunga Malay Civet 
Paradoxurus hermaphroditus Common Palm Civet 
Hemigalus derbyanus Banded Palm Civet 
Cynogale bennettii Otter Civet 
Arctictis binturong Bearcat / Binturong 
Arctogalidia trivirgata Small-toothed Palm Civet 
Prionodon linsang Banded linsang 
Aonyx cinerea Asian small-clawed otter 
Lutra perspicillata Smooth-coated otter 
Martes flavigula Yellow-throated marten 
Mydaus javanensis Sunda (Malay) stink-badger 
Herpestes semitorquatus Collared mongoose 
Herpestes brachyurus Short-tailed mongoose 
Helarctos malayanus Malayan sun bear 

Rodentia 
Hystrix brachyura Malayan (common) Porcupine 
Hystrix crasssipines Thick-spined porcupine 
Trichys fasciculata Long-tailed porcupine 

Primates 
Nycticebus coucang Greater slow loris 
Macaca nemestrina Southern pig-tailed macaque 
Macaca fascicularis Crab-eating (long-tailed) macaque  
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Pongo pygmaeus Orang-utan 

Artiodactyla 
Sus barbatus Bearded pig 
Rusa unicolor Sambar deer 
Muntiacus atherodes Bornean yellow muntjac 
Muntiacus muntjac Southern red muntjac 
Tragulus napu Greater chevrotain (mouse-deer) 
Tragulus javanicus Javan chevrotain (lesser mouse-

deer) 
Bos javanicus 
 

Banteng 
Insectivora 

Echinosorex gymnura Moonrat 
Pholidota 

Manis javanicus Malayan pangolin 
Proboscidae 

Elephas maximus Asian elephant 
 

During the systematic camera-trapping we obtained 3836 wildlife photographs within 

5731 trap nights. The general capture rate was slightly higher (0.669 

photographs/trap night) than in Tangkulap (0.631) but lower compared to Deramakot 

(0.856). But as this rate is largely biased by several environmental factors for which 

we cannot account, these numbers should not be taken as a general conclusion 

about the abundance of wildlife species.  

The most diverse group are the carnivores, with 16 species photographed in the 

camera-traps. These carnivores are from all seven Bornean different families, the 

Felidae (3 recorded species), Viverridae (5 species), Herpestidae (2 species), 

Mustelidae (3 Species), Prionodontidae (1 species), Mephitidae (1 species) and 

Ursidae (1 species).  

The most threatened group of carnivores on Borneo are the Felidae, with four of the 

five species being listed as either vulnerable (marbled cat Pardofelis marmorata and 

Sunda clouded leopard) or endangered (Bornean bay cat and flat-headed cat 
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Prionailurus planiceps). The only cat listed not as threatened on the IUCN Red List is 

the leopard cat Prionailurus bengalensis. This species was also the most commonly 

recorded species in Segaliud Lokan Forest Reserve. The leopard cat is known to be 

very flexible in its habitat selection and it is recorded from oil palm plantations (most 

likely only close to forested areas), very degraded forests as well as from primary 

forests. The largest Bornean cat species the Sunda clouded leopard was 

photographed on 15 occasions. On the basis of their distinct spot pattern we could 

identify 6 individual clouded leopards within our study site. One individual was re-

captured in our camera-traps 10 times. Due to the low number of recaptures of each 

individual we could not calculate a minimum home range, as we did in Tangkulap and 

Deramakot. In Deramakot we recorded a minimum home range of 46 km² (Mohamed 

et al. 2009) and in Tangkulap an adult male had even a larger home-range of 64 km². 

In addition also the marbled cat was photographed three times in Segaliud Lokan 

Forest Reserve. The low number of records is not surprising as this species is known 

to be primarily arboreal and we have only once photographed this species in 

Tangkulap Forest Reserve before. Of two endangered cat species, the Bornean bay 

cat was only once recorded in Deramakot Forest Reserve. This species seems to 

occur in very low densities and most likely prefers primary or at least closed forests. 

As our study area in Segaliud Lokan got more degraded through the logging activities 

in the past it might be that this area does not contain suitable habitat for the Bornean 

bay cat today. Based on a predictive distribution model (Wilting et al. 2010a) the 

forest complex of Deramakot / Tangkulap and Segaliud Lokan is one of the key 

localities for the long-term survival of the other endangered cat species the flat-

headed cat. The high number of records from Deramakot and Tangkulap strongly 

support the predictions by out computer model. In Segaliud Lokan Forest Reserve we 

could not record the species within our study site. Nevertheless a closer view on the 

predictions reveals that our cameras were placed mainly in an area with lower values 

for the predicted habitat suitability (Figure 5). With additional camera-trapping efforts 

in other parts of the forest reserve especially close to water resources this highly 

threatened species might also be found in Segaliud Lokan. These efforts were 
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planned by our research project, but due to the very unstable water level of the 

Lokan River during the six months of our studies we could not go by boat on the river 

and find access to the forested areas, which show higher habitat suitability 

predictions for this cat. 

Figure 5: Predicted habitat suitability for the flat-headed cat in the Deramakot / 
Tangkulap /Segaliud Lokan Forest Complex 

Of the Viverridae, the Bornean endemic Hose’s civet Diplogale hosei is restricted to 

montane or upland forests, so we did not expect that this species would occur in the 
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lowland forests of Segaliud Lokan. Similar the masked palm civet Paguma larvata is 

supposed to occur more frequent in higher elevations (Wilting et al. 2010b). Of the 

remaining six viverrid species, which are known to occur in the lowlands, four have 

been recorded by our camera-traps. The most common species, similar to 

Deramakot and Tangkulap Forest Reserve was the Malay civet Viverra tangalunga. 

Like the leopard cat this species is known to be very flexible in its habitat selection 

occurring from primary to highly disturbed secondary forests and close to oil palm 

plantations. Also the common palm civet Paradoxurus hermaphroditus, a carnivore 

which is mainly frugivorous was recorded regularly. The most endangered Asian 

viverrid is the otter civet. This species is highly adapted to wetland areas, supposedly 

feeding on fish, crabs and frogs and was recorded on a regular basis in Segaliud 

Lokan. These records are in line with the results from Deramakot and Tangkulap, 

where this species has also been recorded, mainly close to water resources. The last 

viverrid species, which was photographed, was the banded civet Hemigalus 

derbyanus. This species was rarely recorded, a result which is similar to our findings 

from Tangkulap Forest Reserve. In contrast in Deramakot this species was recorded 

on a much higher frequency. It is believed that the Banded civet prefers closed 

forests (primary or old secondary) and that it is less flexible to adapt to habitat 

modifications. The last two viverrid species the binturong Arctictis binturong and the 

small-toothed palm civet Artcogalidia trivirgata are mainly (binturong) or strictly 

(small-toothed palm civet) arboreal. Therefore they can hardly been recorded with 

ground-based camera-traps. During all our studies we have only a single record of 

the small-toothed palm civet from a camera-trap taken Segaliud Lokan and similar we 

have only a single photograph of a binturong from Deramakot and Segaliud Lokan, 

respectively. 

The only bear species on Borneo the sun bear Helarctos malayanus was recorded 

regularly, but not frequently in our camera-traps. These results are comparable to 

Deramakot and Tangkulap. Also similar to the other study sites are the results from 

the two mongoose species the short-tailed mongoose Herpestes brachyurus and the 

collared mongoose Herpestes semitorquatus, whereas the short-tailed mongoose 
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was more frequently recorded in Segaliud Lokan than the collared mongoose. This 

might be a general pattern, as the short-tailed mongoose is known to be very flexible 

in its habitat selection. The collared mongoose is currently classified as Data 

Deficient on the IUCN Red List of Threatened Species, because only in the last 

two / three years with the increasing number of camera-trapping studies this species 

was recorded more frequently. Nevertheless, it is one of the least known Bornean 

mammal species and the records from all our three study sites are a great addition to 

the current knowledge about this species. 

The mustelids are a very diverse group of carnivores as they include the otters as 

well as martens, weasels and badgers (except the stink-badgers). Of the three 

Bornean otters, two are more frequently recorded, the smooth-coated otter Lutrogale 

perspicillata and the Asian small-clawed otter Aonyx cinereus. In Tangkulap and 

Deramakot both species have been recorded, but in Segaliud Lokan the number of 

otters was much lower than in the other study sites. However also in Deramakot the 

records of otters were confined to a small part of the study sites, an areas, which 

supports lot of water resources, water ponds and small streams. Similar to the flat-

headed cat, the low number of otter records from Segaliud Lokan might be linked to 

the fact that we were unable to conduct our surveys in the areas north and south of 

the Lokan River. The distinction of the different otters is very difficult and only on 

good photographs the otters species can be recognized. The 20 otter photographs 

from Segaliud Lokan show most likely Asian small-clawed and smooth-coated otters. 

The world’s most endangered otter species the hairy-nosed otter Lutra sumatrana 

was not recorded in Segaliud Lokan, but also from Deramakot we received only one 

photograph. This was the first record of this species since over 100 years in Sabah 

(Wilting et al. 2010b). Among the other mustelids the Malay weasel Mustela nudipes 

was not recorded in any of our three study sites, a result which shows why there is so 

little information available about this species. The yellow-throated marten Martes 

flavigula was photographed 10 times. This number is slightly higher than from 

Deramakot and Tangkulap where this species was photographed very rarely. The 

general low encounter rate of yellow-throated martens was surprising, as generally 



 

Wildlife Surveys in Segaliud Lokan Forest Reserve 
October 2010 

Prepared by Andreas Wilting & Azlan bin Mohamed 
 

- 19 - 

 

this species is regarded as more common and only partly arboreal. Further studies 

are needed to show if this might be an indication that yellow-throated martens, similar 

to masked palm civets might occur at higher numbers in hill forests, than in the 

lowland areas. 

The banded linsang Prionodon linsang was regarded as a member of the Viverridae 

for a long time, until recently molecular studies showed that it is actual very distinct 

from the other viverrid species and that it should be classified in its own family 

Prionodontidae, together with the spotted linsang Prionodon pardicolor, its closest 

relative in Indochina (Gaubert and Veron 2003). The banded linsang is primarily 

arboreal and we did not photograph this species in Deramakot or Tangkulap, 

although it is known to occur in both areas (Samejima in litt.). In Segaliud Lokan we 

photographed this species several times, confirming its presence.  

The Sunda stink-badger Mydaus javanensis, the sole member of the skunks 

(Mephitidae) on Borneo was regularly recorded in Deramakot, Tangkulap as well as 

in Segaliud Lokan. Like some of the other carnivores this species is known to occur 

in more open areas and seems to adapt to disturbed forests better than most of the 

other species. 

Besides the carnivores some other threatened species like the Malayan pangolins 

Manis javanicus, orang-utans Pongo pygmaeus, Bornean pygmy elephants Elephas 

maximus or the banteng Bos javanicus were photographed. Especially the two large 

herbivores, the elephant and the banteng were recorded frequently in Segaliud 

Lokan. Comparisons with the other study areas are of limited value as both species 

are known to migrate large distances and especially for elephants we expect 

migrations between the forest reserves and therefore all elephants in this forest block 

should be considered as of one population. The number could fluctuate due to 

seasonal changes and in consequence comparisons could lead to wrong conclusions 

and implications. All five Bornean deer species were photographed. Remarkable was 

the very low number of bearded pig (Sus barbatus) photographs from Segaliud 

Lokan Forest Reserve (25 photographs) compared to Deramakot (154) and 
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Tangkulap (228). But it needs to be considered that similar to elephants and 

bantengs, bearded pigs are known to migrate large distances in the search for food, 

especially during the fruiting season. 

Of the rodents we are only able to photograph the larger species. Similar to our 

previous study sites, we also recorded the three Bornean species of porcupines, the 

common porcupine (190 photos), the thick-spined porcupine (40 photos) and the 

long-tailed porcupine (12 photos). The Moonrat (64 photos) was the only species of 

the group of insectivores which was photographed with our cameras. However all 

other insectivores are very small and unlikely to be picked up by the sensor of our 

camera-traps. 

Among the primates the orang-utan is the most prominent species in our camera-

traps. The records might be astonishing as orang-utans are generally regarded as 

strictly arboreal. However especially in more disturbed forests with a more open 

canopy orang-utans and in particular adult males need come to the ground to move 

between the trees. Within the group of primates we recorded also both Bornean 

species of macaques; the pig-tailed macaque (229 photographs) and the long-tailed 

(or crab-eating) macaque (11 photographs). 

Besides the mammals several bird species and the water monitor were also recorded 

in our camera-traps (Table 3). However, camera-trapping is not a suitable research 

method for birds or reptiles and these few photographs were more incidental records.  

 

Table 3: Birds and reptiles recorded during the camera-trapping           
surveys 

Scientific name Common name 

Varanus salvator Water monitor 
Argusianus argus Great argus 
Lophura ignita Crested fireback 
Buceros rhinoceros Rhinoceros hornbill 
 Unidentified birds 
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B    Habitat Characterization 

We completed the habitat characterisation around each camera-trapping station. The 

results of these surveys will only be analysed together with more in depth statistical 

analysis of the camera-trapping photographs. This analysis will start for all three 

study areas in the next months, and we expect the first results by the end of this year. 

The vegetation surveys will be used to investigate the microhabitat selection of the 

different species, and as these analyses need to be performed species by species 

we expect that the analysis for all species cannot be performed in a short timeframe. 

Furthermore these kind of statistical approaches have never been performed by other 

researchers before, so we first need in cooperation with other international scientists 

establish these models. 

For the understanding of the basic ecology of these species these developed models 

will be of great importance and we expect that with the aid of our results species 

specific conservation strategies can be developed. 

 C    Day Transect Surveys 

During the day transect surveys we recorded tracks of the following species with a 

high certainty that we could identify the species: bearded pig, sambar deer, muntjac, 

leopard cat, clouded leopard, banteng, elephants. Although other tracks were 

regularly recorded most of them were hard to assign to a particular species. 

Especially within the carnivores the tracks of related species look very similar and 

records should not be based solely on tracks. 

Furthermore we made incidental sightings during the day surveys of the following 

species. Banteng, elephant, Müller’s Bornean Gibbon Hylobates muelleri, orang-

utans, the two Bornean macaque species (pig-tailed macaque and long-tailed 

macaque), otters, sambar deer, bearded pig, greater mouse deer and Malay civet. 
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Table 4: Mammals recorded during the day surveys 

Scientific name Common name 
Sus barbatus Bearded pig 
Bos javanicus Banteng / Tembadau 
Rusa unicolor Sambar deer 
Muntiacus muntjak Red muntjac 
Tragulus sp. Mouse deer 
Elephas maximus Asian Elephant 
Pongo pygmaeus Orang-utan 
Hylobates muelleri Bornean gibbon 
Macaca fascicularis Long-tailed macaque 
Macaca nemestrina Pig-tailed macaque 
*species could not be identified Otter* 
 

Similar to the tracks most of these species have also been recorded during the 

camera-trapping surveys and are therefore no new records. However, especially 

among the arboreal diurnal species such as the gibbon were not recorded in our 

camera-traps. Nevertheless we would like to point out that the main focus of this 

research project are carnivores and because only a few species of this group can be 

detected during the day surveys, these surveys were not performed with an intensity 

to complete the list of primates. A different survey design should be applied to gather 

these data. 

 D    Night Spotlight Surveys 

During our night surveys we covered a total distance of over 350 km in Segaliud 

Lokan Forest Reserve. Altogether we made 63 wildlife sightings of 16 different 

mammal species (Table 5). 

Similar to the camera-trapping results, the three most common carnivore species 

were the leopard cat, the Malay civet and the common palm civet. In addition the 

Malay badger Mydaus javanensis was recorded regularly during the spotlight 

surveys. Interestingly the small-toothed palm civet, the strictly arboreal viverrid, was 
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only recorded once. This low number of sightings is similar to Tangkulap where it 

also was only recorded several times. In contrast, in Deramakot this species was one 

of the most commonly sighted species. Small-toothed palm civets are known to be 

found even in relatively small forested areas, but they usually require a tall more 

closed forest and the availability of fruits. This might explain the higher number of 

small-toothed palm civets in Deramakot. The other arboreal civet the binturong was 

not encountered during the night surveys in Segaliud Lokan. This was surprising as 

the binturong was recorded in Deramakot and Tangkulap.  

Table 5: Mammals recorded during the night surveys 

Scientific name Common name 

Neofelis diardi Sunda clouded leopard 
Prionailurus bengalensis Leopard cat 
Viverra tangalunga Malay civet 
Paradoxurus hermaphroditus Common palm civet 
Arctogalidia trivirgata Small-toothed palm civet 
Herpestes brachyurus Short-tailed mongoose 
Elephas maximus Asian elephant 
Mydaus javanensis Malay badger 
Rusa unicolor  Sambar deer 
Tragulus napu Greater mouse deer 
Tragulus kanchil Lesser mouse deer 
Nycticebus coucang Slow loris 
Cynocephalus variegatus Colugo 
Petaurista petaurista Red-giant flying squirrel 
Aeromys thomasi Thomas’s flying squirrel 
 

 

Once, our team encountered a male clouded leopard next to the road. Based on the 

spot pattern we could see that this individual was never been photographed in our 

camera-traps. The clouded leopard walked along the road for a few minutes and our 

team was able to take a short film of this sighting. The animal seemed to be not 

scared by the bright spotlight and behaved surprisingly calm. Beside the clouded 
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leopard also several other wildlife encounters were recorded on film such as a slow 

loris moving from one branch to another branch, a short-tailed mongoose or a group 

of elephants. Besides the carnivores the night spotlight surveys are especially 

designed for arboreal nocturnal species like the flying squirrels, slow lorises or 

colugos. Of the three flying squirrels, which were recorded in Tangkulap and 

Deramakot, the red giant flying squirrel Petaurista petaurista, the Thomas’s flying 

squirrel Aeromys thomasi and the black flying squirrel Aeromus tephromelas, we 

recorded only the two more common species the red giant flying squirrel and the 

Thomas’s flying squirrel in Segaliud Lokan. But as the number of sightings of the 

black flying squirrel was also very low in the other two areas, with additional survey 

efforts this species might also be recorded in Segaliud Lokan. Similar to the arboreal 

civets also the encounter rates of the flying squirrels were much lower in Tangkulap 

and Segaliud Lokan than in Deramakot. This lower encounter might reflect the higher 

impact of the logging activities in Tangkulap and Segaliud Lokan in the past. We 

assume that the more open canopy with a lower number of larger trees also does not 

support such a high number of primarily arboreal species. Nevertheless the larger 

distance of the trees to the roads in Tangkulap and Segaliud Lokan might also have 

an impact on the encounter rate. A more intensive long term monitoring and a deeper 

analysis of the distances of the sightings from the road would be very useful for a 

better understanding of the mechanism, which led to the observed pattern. 

 

 E    Illegal Encroachment 

During our surveys we recorded several signs, which indicate that people are 

entering the forest reserve illegally. We suspect that the illegal encroachers are 

entering the forest reserve for hunting. Close to the northern border we observed 

footprints indicating that poachers entered the forest reserve on foot. We believe that 

these hunters also stole four of our camera-traps. In Sabah the target species are 

usually bearded pigs or sambar deer, but other species are shot, when they are 
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encountered. Sometimes incidentally even highly threatened species are killed as the 

animal is shot solely after the eye-shine was sighted. Especially for species occurring 

in very low numbers like the Sunda clouded leopard these incidental shootings could 

have severe consequences on the entire population. The comparable very low 

numbers of bearded pigs and sambar deer could be an indication of more intensive 

illegal hunting activities in Segaliud Lokan in the past, but also a lower habitat quality 

with less food resources (especially fruiting trees for bearded pigs) during our survey 

period could be an explanation. A long-term wildlife monitoring would provide more 

insights in the seasonal and annual fluctuations of the ungulate populations and 

therefore could reveal the impact of the illegal hunting. Segaliud Lokan is surrounded 

on three sites by oil palm plantations, providing hunters very good access to the 

forest boundaries. Therefore the effective prevention of these illegal activities can 

only be successful with the strong assistance of the managements of the surrounding 

oil palm plantations. The strict control of cars and motorcycles entering the oil palm 

plantations and of the oil palm plantation workers is necessary. 

 

 F    Feral Dogs 

Currently several packs of feral dogs are living in Segaliud Lokan Forest Reserve. 

These dogs stray around the houses in the base camp, and at the station close to the 

gate. Some of these dogs are more like pets and seem to be mainly around the 

camps. However most of the dogs go for hunting and scavenging in the forest. Feral 

dogs have been recorded more than 10 km away from the base camp. Several of the 

camera-trapping pictures show packs of dogs with several individuals. Although one 

dog alone could rarely hunt larger prey species like deer or pigs, the corporative 

hunting in packs allows dogs to kill larger mammal species. Therefore we cannot 

exclude that maybe even the dogs reduce the number of some mammal species 

such as bearded pigs. During previous studies in Tabin Wildlife Reserve we found 

scats from stray dogs (confirmed by molecular analysis) which contained the remains 
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of bearded pigs (hooves and hairs). Another great risk with stray dogs is the 

transmission of diseases such as rabies. These diseases can have devastating 

impacts on wildlife populations. For example in the Serengeti in Africa more than one 

third of the lions died 1994 by canine distemper virus (CDV). This disease was 

transmitted by feral dogs. Although rabies and CDV have so far not been recorded in 

Sabah, usually once they are first recorded it is already too late to stop the spread of 

this disease. 

 

4. Recommendations 

A    Wildlife Surveys 

   A wildlife monitoring team the “KTS Wildlife Unit”, consisting of a minimum 

of three rangers should be established. This team should conduct the 

following surveys: 

1. Camera-trapping 

We suggest 20 cameras, which are permanently running at different 

localities in the forest reserve. These surveys should focus on areas 

which will be selectively logged in the next years to get data before 

the logging activities. Then during, 1-2 months and 7-8 months after 

the logging these surveys should be repeated. As it can be assumed 

that animals move out during the logging activities, surveys after 

these activities are very important to estimate the time frame, before 

the species return to these areas.  

2. Night spotlight surveys 

In different parts of the forest reserves night spotlight surveys should 

be conducted on a regular basis. 
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3. Orang-utan and other primate surveys 

The team should apply similar survey techniques as they are applied 

by other orang-utan surveys in Sabah (HUTAN, WWF-Malaysia). 

   In addition to the surveys conducted by the “KTS wildlife unit” we suggest to 

conduct the following surveys in cooperation with the Universiti Malaysia 

Sabah, or other Malaysian or international scientists. 

4. Systematic camera-trapping 

The surveys conducted in this project should be repeated after 3 

years to monitor the population trends. 

5. Biodiversity research  

Studies on the avi- and herpetofauna and entomology should be 

conducted. Similar surveys should be performed parallel also in the 

neighbouring forest reserves (Deramakot and Tangkulap) to ensure 

that the results are comparable. 

 

B    Wildlife Threat Reduction 

   Illegal encroachers should be prevented to enter Segaliud Lokan Forest 
Reserves 

1.  An agreement with the oil palm estates is needed to ensure that 

vehicles entering the plantations are carefully checked, and to 

prevent that labours from the oil palm estates enter the forest reserve 

illegally for hunting. 

2.  We suggest night patrolling within and in the vicinity of the forest 

reserve. These patrolling should be intensified during the weekends 

and public holidays. 
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   Removal of feral dogs 

3. All feral dogs within Segaliud Lokan Forest Reserve should be 

removed to prevent the spread of diseases and the hunting of dog 

packs of the native wildlife. 

4.  The removal needs to be repeated every 1-2 years to stop the new 

feral dogs entering the forest reserve from the plantations. 

5.  If possible the removal of the dogs should be coordinated with the 

surrounding oil palm estates to decrease the chances that following 

the removal new dogs arrive from the estates. 

  

5. Conclusions 

Segaliud Lokan is one of the few lowland forest reserves in Sabah and a part of the 

only extreme lowland forest block included in the Heart of Borneo. Our wildlife studies 

revealed a great diversity of medium to larger sized mammals. Several highly 

threatened species occur in this forest reserve, proving its importance for the 

conservation of these species. Although past partly unsustainable logging activities 

damaged some areas of the reserve and most likely led to lower numbers of some 

species, the applied low-impact selective logging practice bears the opportunity that 

this forest reserve will recover in the following years. The close proximity of Segaliud 

Lokan Forest Reserve to Deramakot will ensure that species will return to Segaliud 

Lokan from Deramakot once the habitat is suitable again for these more sensitive 

species. 
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