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EXECUTIVE SUMMARY 

Background: Commercial forest plantations of fast-growing exotics such as Acacia and 

Eucalyptus spp. have been established to meet the growing demand for timber, pulpwood, 

and other wood products.  Industrial plantations may contribute to tropical forest 

conservation by reducing exploitation of primary and secondary natural forests. Whether such 

plantations can support elements of biodiversity including provision of habitat and movement 

corridors for threatened species, is an important question.  Our objectives were to 1) 

investigate the relationship between habitat gradients and species richness of medium-sized 

to large mammals in AFISB- and GSSB-managed industrial plantations and 2) assess sun 

bear habitat use using data from bear sign.  

Methods: Land cover was categorized into three major types: natural forest (including 

secondary forest and mangrove, Acacia plantations including those established from Acacia 

wildings, and non-Acacia (rubber/oil palm/Eucalyptus). We used remote cameras to collect 

the majority of data on mammal community composition.  Because cameras obtained only 8 

detections of sun bears we included data on sun bear sign, to infer habitat relationships. We 

used available GIS data from AFISB to calculate habitat covariates and program R to conduct 

a variety of statistical analyses on mammal community relationships and sun bear habitat 

associations. 

Results: We documented 36 species of mammal in the study area. Overall mammal 

detections were significantly greater than expected in natural forest and less than expected in 

Acacia and non-Acacia plantations but species richness did not differ among land-use types. 

Detections of IUCN-listed threatened species were greater than expected in Acacia 

plantations, and much less than expected in non-Acacia plantations. Sample based rarefaction 

curves for Acacia and natural forest did not reach asymptotes; thus estimates of the effective 

number of species were considerably higher than observed. Both natural forest and Acacia 

plantations shared similar values for species richness, Shannon diversity, and Simpson 

diversity indices but non-Acacia plantations scored lower in all effective measures of 

diversity. Regression models indicated that mammal detections increased significantly with 

decreasing elevation, but showed no other strong relationship with habitat covariates. 

Detections of threatened mammals, however, were positively correlated with increased areas 

of natural forest, increased areas of Acacia plantations, and proximity to roads. Ordination 

analyses revealed three mammals that were distinctly associated with natural forest: the 



proboscis monkey, silvered langur, and mousedeer. The Bornean badger, giant squirrel, otter, 

and leopard cat were linked with non-Acacia plantations. Muntjac, sambar deer, bearded pig, 

pangolins, and pig-tailed macaques, were closely associated with Acacia plantations. Species 

like long tailed macaques used both non-Acacia and natural forest, civets were common in 

both Acacia and non-Acacia, and western tarsiers used both natural forest and Acacia. The 

relative probability of sun bear presence increased with increasing areas of Acacia and 

natural forest, and with proximity to primary roads. Sun bear presence decreased markedly 

with increasing areas of non-Acacia.  

Conclusions: Stands of natural forest and Acacia in Benkoka peninsula are used by a variety 

of mammal species, including sun bears and a number of threatened species. Natural forest 

patches are important for almost all mammals, including sun bears. Retaining these areas and 

restoring a part of the landscape to increase the native tree component will be important for 

wildlife persistence, particularly because Acacia stands are now being converted to 

Eucalyptus, and the latter is in the early stages of maturity. Continued wildlife monitoring 

will provide valuable information on the resilience of mammal species to the change from 

Acacia to Eucalyptus. Establishing underpasses, speed bumps, and roadsigns on heavily 

trafficked routes will reduce the risk of wildlife mortality. Also, regular checking of areas 

along roads for traps will mitigate the risks of poaching for species such as sun bears, bearded 

pig and sambar, that use roads or areas close to roads. Trade in sun bear gall bladders and 

paws sourced from Bengkoka indicate that hunting and trapping regulations should be 

reinforced with increased monitoring. Efforts to improve local support for conservation will 

be important to conserve the biodiversity that still exists in the area. 

  



1.0 INTRODUCTION 

1.1 Forest loss in Tropical Southeast Asia 

In the past few decades, massive areas of tropical rainforest in Southeast Asia have been lost 

to logging operations, and conversion to agriculture including monocultures of rubber, oil 

palm, and exotic species of commercial timbers (Laurance, 2007; Miettinen et al., 2011). 

This trend is fuelled by population growth, economic development, and the high demand for 

natural resources such as tropical hardwoods, rubber and palm oil. Between 2000 and 2010, 

Borneo lost an average of 500,000 ha/year of forest (Miettinen et al., 2011), and most of the 

losses involved lowland rainforest and peat swamps, which are the principal strongholds of 

tropical biodiversity. Over 40% of natural forests in Sabah have been lost and few areas 

sustain primary forests that have not experienced intense logging (McMorrow & Talip, 

2001). The direct and indirect effects of total forest loss, agri-conversion and timber 

extraction are expected to impact ecosystem services, human social and economic welfare, 

and forest-dependent species in multiple ways, especially with respect to food, suitable living 

space, poaching pressure, and conflict with humans. 

1.2 Ecological Potential of Commercial forests 

Sustainable management of tropical forest resources is crucial for maintaining essential 

ecosystem services and reducing the loss of biodiversity (Sodhi et al., 2010; Struebig et al., 

2015).  Toward this end, Malaysia has established commercial forest plantations of fast-

growing exotics such as Acacia and Eucalyptus spp. to meet the growing demand for timber, 

pulpwood, and other wood products (Gaveau et al., 2016).  Commercial forest plantations 

typically consist of monocultures occupying extensive areas, and thus have serious and 

potentially negative implications for biodiversity. Alternatively, commercial forests may 

contribute to tropical forest conservation by reducing further exploitation of primary and 

secondary natural forests. Additionally, commercial forest plantations could potentially 

continue to provide important ecosystem services by serving as watersheds, reducing soil 

erosion, and sequestering atmospheric carbon. An important question is whether such 

plantations can support some elements of biodiversity including provision of habitat and 

movement corridors for threatened species. However, their propensity for conserving 

biodiversity may be possible only if they contain substantial patches of natural forest 

(Edwards et al. 2012).  



A major goal of sustainable forestry is to develop integrated land-use systems that preserve 

valuable elements of biodiversity and ecosystem processes (Bruenig 1996).  Industrial forests 

may be compatible with wildlife conservation if they are managed properly to enhance and 

maintain wildlife populations, and may serve as temporary refuges and important wildlife 

corridors between fragments of more suitable habitat. Research aimed at identifying key 

factors influencing the distribution of sun bears and other wildlife within industrial forest 

mosaics will contribute to this goal. Understanding which attributes of commercial forests, 

for example, stand composition and proximity to natural forest patches, influence the 

presence of wildlife species will provide useful information for plantation managers that seek 

to enhance biodiversity within their jurisdictions.  

1.3 The Conservation of Mammals in Tropical Southeast Asia 

The capacity for altered habitats such as selectively logged forests or monoculture forest 

plantations to support vertebrate species, including large to medium-sized mammals, is a 

pressing issue (Brodie et al., 2015; Norris, Peres, Michalski, & Hinchsliffe, 2008). Mammals 

are especially vulnerable to habitat loss and overexploitation and are thus worthy of special 

conservation attention (Wilcove et al., 2013). A fourth of all mammal species are threatened 

with extinction (World Conservation Union [IUCN] 2017), with current extinction rates well 

above background rates (Barnosky et al., 2011).  Mammals in the Indomalayan region are 

especially at risk (Hoffman et al. 2011).  In Southeast Asia, threats from habitat loss and 

poaching are decimating mammal populations (Sodhi et al. 2010), with predictions of species 

losses ranging from 21–48% by 2100 in the region (Brook et al., 2003). Threats to mammal 

populations are compounded by ecological traits of many species: these include large area 

requirements, specific habitat or resource conditions, migratory habits and low population 

densities (Western et al., 2009).  

Several species of mammals play keystone roles in ecosystems by dispersing seeds, 

maintaining the composition of plant communities through grazing (Young et al., 2013), or 

maintaining biodiversity through the cascading effects of predation (Terbogh et al. 2001). 

Charismatic mammals, such as the tiger, elephant, sun bear, and Sumatran rhino, are 

important conservation flagships, and many large mammals serve as umbrella species for 

conservation through their sensitivity to human disturbance, co-occurrence with other species 

of conservation concern and large area requirements (Brodie et al., 2015; Caro, 2003; Noss, 

1990; Ratnayeke & van Manen, 2012). Moreover, variation in the type and intensity of forest 



disturbance can influence mammalian assemblages, which thus have the potential to serve as 

useful indicators of habitat disturbance (Cheyne et al. 2016).  

1.4 Mammals of Borneo 

Borneo is among the 18 regions of the world supporting megadiversity, including 288 species 

of terrestrial mammals and 91 species of marine mammals (reference).  Approximately 40% 

of Borneo’s mammal species are classified under various level of conservation risk with 

habitat loss, poaching and the wildlife trade in pets and body parts the principle causes 

(reference).  Between 1973 and 2010, Borneo’s forest cover (558,060 km2) declined by 

30.2%, with 10% (75,480 km2) of Borneo’s forests replaced with industrial oil palm and 

commercial timber plantations; the highest forest loss was in the Malaysian state of Sabah 

(Gaveau et al. 2014). An important question is whether commercial plantations retain 

valuable elements of mammal biodiversity, and if so, what environmental characteristics 

might be important in this regard?  Wildlife inventories suggest that some large mammals in 

the region are able to survive in degraded forest, outside of the natural forest or habitat. These 

typically include bearded pig (Sus barbatus), sambar deer (Rusa unicolor), and Bornean 

yellow muntjac (Muntiacus atherodes) (McShea et al., 2009; Samejima et al., 2012) and, 

surprisingly, the critically endangered orangutan (Pongo pygmaeus) (Meijaard et al., 2010). 

Augeri (2005) and Nazeri et al. (2012) observed that the Vulnerable sun bear was closely 

associated with natural forests, suggesting that this species may have poor tolerance for 

habitat alteration. Limited studies indicate that sun bears may persist in disturbed ecosystems 

(Blouch, 1984), such as logged forest (Wong et al., 2004; Linkie et al., 2007; Powell, 2011), 

once-burned forest (Fredriksson, 2012), oil palm plantations (Normua et al., 2004; Guharajan, 

2016, Guharajan et al., 2018) and Acacia mangium plantations (McShea et al., 2009). 

However, in most of the plantation studies, the sites were adjacent to natural forests or 

consisted of a mosaic of secondary forest and commercial timber plantations. Whether, and to 

what extent, bears and other wildlife use resources within oil palm or commercial timber 

plantations is an important question for their future persistence.  

1.5 The Vulnerable Sun Bear 

The Malayan sun bear (Helarctos malayanus) is the only extant species of bear in Malaysia 

and much of tropical Southeast Asia. Its global distribution extends from Northeast India, 

eastward to Vietnam, southward to Borneo and Sumatra (Servheen, 1999; Choudhury, 2011). 

Sun bears occupy a wide range of forest types in both tropical evergreen and semi-evergreen 



rainforest including peat swamp forests, freshwater swamp and mangrove, from lowland 

dipterocarp (<1,000m) up to montane evergreen forest (>1,000m) (Scotson et al., 2017; 

Sasidhran et al., 2016). In Northeast India, sun bears are found at about 3,000 m above sea 

level (Choudhury, 2011). However, in Peninsular Malaysia, at Krau Wildlife Reserve, sun 

bears were more likely to be recorded in lowland dipterocarp forests (<300m) than mountain 

ericaceous and mixed hill dipterocarp forests (300 – 700m) (Nazeri et al., 2014). Like many 

frugivorous bear and primate species, sun bears are regarded as important seed dispersers 

because of the variety of fruits that they consume (McConkey & Galetti, 1999). Thus, they 

may play a key role in forest regeneration and may also contribute to forest structure through 

the non-random deposition of seeds in areas they frequent (Lindsell et al., 2015). 

Sun bears are vulnerable to habitat loss, but also to poaching.  Apart from lucrative returns 

from the trade in bear parts (Mills & Servheen, 1994), sun bears are also killed as pests when 

they raid crops and livestock (Meijaard, 1999; Fredriksson, 2005). Such conflicts have been 

attributed to human population increases, and the expansion of human settlements into sun 

bear habitat including protected areas. Forest fragmentation and deforestation, road building 

and agricultural establishment adjacent to natural wildlife habitat also create more routes of 

accessibility for villagers and illegal hunters to approach wildlife (Meijaard, 1999; 

Fredriksson, 2005). Meijaard (1999) and Fredriksson (2005) also report incidents where sun 

bears were killed because villagers perceived them as being dangerous, although evidence of 

attacks on humans is rare. 

Internationally, the sun bear is listed under the Convention on International Trade in 

Endangered Species (CITES) Appendix I (CITES, 2016). The International Union for the 

Conservation of Nature (IUCN) lists sun bears as Vulnerable; although quantitative data on 

population size are lacking, trends in deforestation and habitat degradation suggest an 

estimated 30% reduction of the global sun bear population in the past 30 years (Scottson et 

al., 2010). This estimate is likely conservative because, aside from habitat loss, poaching for 

bear parts constitutes a significant and largely unquantified drain on populations. All 

countries within the distribution range of the sun bear now list it as a protected species. In 

Sabah, under the Wildlife Conservation Enactment 1997, anyone convicted of poaching or 

possession of sun bear body parts may receive penalties of 5 years’ imprisonment, a fine of 

RM50,000, or both. 

  



1.6 Can sun bears survive in commercial tree plantations? 

Malaysia has undertaken large-scale reforestation programs with fast growing exotic species 

such as Acacia mangium to meet the national demand for wood products, including wood 

pulp. One such example was in 1983: a 60-year concession was granted to Acacia Forest 

Industries (AFI) and Sabah Forestry Development Authority (SAFODA) to plant an area of 

approximately 25,000 ha in Bengkoka Peninsula, Sabah with Acacia mangium (Kwiheng 

Wood and Environmental Consultants [KWEC] 2009). The concession was made to meet 

Malaysia’s growing demand for wood products.  This area, which was once lowland 

dipterocarp, is located at approximately 60 49’ 55”N and 1170 09’ 32”E (Figure 1).  Since the 

gazetting, an intensive program of agricultural forestry involving the planting, maintenance 

and harvest of Acacia was established. Within the forest reserve, remnants (<100 ha) of 

natural forest still occur. The surroundings of BFR is a mosaic of shrub, secondary forest, and 

Acacia wildings, including other forest reserves.  The impact of such industrial forests on 

wildlife species is a conservation concern, especially for sun bears, which are considered to 

be highly dependent on tropical rainforests. Remarkably, in 2015, sun bears, including 

breeding females were documented in this area.  

While environmentalists work to safeguard existing protected areas, there is a need for more 

comprehensive studies and policies to better manage the mosaic of landscapes used by 

wildlife, including sun bears (Bennett, 2001; Tumbelaka & Fredriksson, 2006; Wong, 2006; 

McShea et al., 2009; Wong & Linkie, 2013). With increasing pressure on natural forests, 

knowing whether and how mammals, including vulnerable species such as sun bears survive 

in greatly modified landscapes is extremely important for both forestry and wildlife 

managers. Which species of mammal are capable of adapting to these changes?  Are there 

particular features of altered habitats and landscapes that permit species persistence?  For 

example, mass flowering in mature Acacia patches might attract the giant honey bee (Apis 

dorsata) whose grubs and honeycombs are an important food source for sun bears. The 

honeycombs are typically built on emergent trees (Koompassia excelsa, Shorea sp.), which 

typically occur in buffer zones and secondary forest patches, adjacent to Acacia plantations. 



 

Figure 1.  Map of Bengkoka Peninsula (Kwiheng Wood and Environmental Consultants 

[KWEC] 2009: Environmental Impact Assessment: Proposed planting and replanting of 

25,000 ha of Acacia mangium at Bengkoka Peninsula, District of Pitas, Sabah by Acacia 

Forest Industries). 



1.7 Remote cameras and sign surveys as tools for studying habitat use in mammals 

In this study, we used remote cameras to obtain information on habitat use by medium-sized 

to large mammals in a commercial forest mosaic in Pitas, Sabah, East Malaysia. The 

challenges to studying large carnivores such as bears involve their solitary and secretive 

nature, wide-ranging tendencies, inaccessible habitats and typically low densities (Boitani et 

al., 2012). Recently, these limitations have been addressed by using remote cameras to detect 

and monitor wildlife including trap-shy species in different habitats. This non-invasive 

research method does not involve physically capturing animals and is unlikely to affect their 

behaviour. It is also more cost effective and can be used to survey larger areas for an 

extensive period of time, requiring less manpower and with minimal human disturbance 

(Wemmer et al., 1996; Ancrenaz et al., 2012) compared to other survey methods such as 

direct observation. Information such as spatial distribution, relative and absolute abundance, 

behaviour, and activity patterns may be obtained from remote camera pictures (Ancrenaz et 

al., 2012). The physical condition, sex, and sometimes individual identity of the species may 

also be determined from remote camera pictures; such information would normally be 

impossible to get from traditional surveys of tracks and signs. In Malaysian Borneo, Ross et 

al. (2013) used remote cameras to study activity patterns and temporal interactions between 

Bornean ungulates and Sunda clouded leopards (Neofelis diardi). Samejima et al. (2012) 

compared camera capture rates of terrestrial mammals and birds in pre- and post-harvested 

forest. Even in relatively inaccessible habitats such as peat swamp forests, where areas were 

inundated with water, remote cameras have provided valuable information on the species 

richness, activity patterns, and detection rates of native mammals (Sasidhran et al., 2016). 

For species, such as bears, that leave conspicuous and identifiable sign in the form of spoor, 

scats, or claw marks, sign surveys offer a relatively inexpensive and efficient means to collect 

information to answer specific questions, and conduct monitoring programs over longer 

periods of time (Heinemeyer et al. 2012).  Sign surveys require no special equipment or 

behavioural response by the species in question, and there is no need for lures and baits that 

can potentially bias observations.  However, detection of sign requires skill, identifying 

individuals from sign is usually not feasible, and detectability of sign is highly variable 

depending on habitat conditions (Stanley and Bart 1991). Animal sign has proved to be most 

useful to document occurrence and distribution, and relative abundance, but has limited 

utility for the assessment of density and population size in carnivores. Spatial coordinates of 

sign data can be superimposed on Geographic Information System (GIS) data layers of 



elevation, land-use, and roads, for example, to make inferences of habitat use or responses to 

human infrastructure such as roads and highways (e.g., Alexander and Waters, 2000). Sun 

bears are highly arboreal, and their long claws leave conspicuous and identifiable marks on 

trees advertising their presence (Steinmetz and Garshelis, 2008). Guharajan et al. (2018) used 

a combination of camera traps and sign surveys to monitor sun bear use of the lower 

Kinabatangan Wildlife Sanctuary in Sabah, and found that sign provided more definitive 

evidence of sun bear occurrence than camera traps.    

This study evaluated the diversity and habitat relationships of mammals including sun bears 

in a commercial timber landscape.  

Our objectives were: 

1. to investigate the relationship between habitat gradients and species richness of 

mammals in a commercial forest mosaic using remote cameras. 

2. to assess the relationship between habitat covariates and sun bear presence in a 

commercial forest mosaic using sun bear sign. 

  



2.0 MATERIALS AND METHODS  

2.1 Study area 

The study area was located in Bengkoka Peninsula, at the northen tip of Sabah, Malaysia 

Borneo. At the time of the study, slightly more than half the area consisted of Acacia 

mangium (Table 1). It was previously dominated by lowland dipterocarp forest, surrounded 

by coastal mangrove until the early 1980s, after which the Sabah Forestry Development 

Authority (SAFODA) logged and planted the area with Acacia mangium.  During the field 

study (Sep 1st 2016 to 10th June 2017), commercial forests in the peninsula were managed by 

two plantation companies Acacia Forest Industries Sdn. Bhd (AFISB) and Gerak Saga Sdn. 

Bhd (GSSB). 

Two forest reserves in the area, consisting of nearly 90% Acacia mangium, the Bengkoka 

Forest Reserve (6270 ha) and Tambalugu Forest reserves (147 ha) comprising about 7,000 ha 

in total, were managed by GSSB. These reserves were reclassified as Class II, commercial 

forest reserves by the Sabah Forestry Department in 2014. Mature stands of Acacia mangium 

dominated the reserves having established from a combination of planted Acacia and natural 

regeneration after wildfires. 

AFISB managed about 25,000 ha land, consisting mostly of Acacia mangium. Plantation 

compartments contained different aged Acacia stands and some mature stands were under 

harvest (Fig. 1). Weeding, fertilizing and thinning were the most common forms of 

maintenance in the first two years after saplings were planted. Harvesting for paper pulp was 

carried out on stands that were 7 - 8 years old.  Older stands (10 -12 years) were harvested for 

furniture. Since 2014, Eucalyptus pellita was used to replace Acacia mangium in harvested 

compartments.  These stands were classified as non-Acacia (Table 1). 

Patches of privately-owned oil palm and rubber plantation were also found in the study area 

and together with new stands of Eucalyptus pellita, were classified under the land-use type 

non-Acacia (Table 1). Most of this area was previously planted with Acacia mangium by 

plantation operators. At the time of the study, 2446 ha (9.7% of the total study area) had been 

replanted with Eucalyptus and the oldest stands would have been ~3 years old. There were 63 

villages, 10 primary and 2 secondary schools in the peninsula. The local human population 

consisted mainly of Rungus and Tembanua, the indigenous people of Pitas and Kudat district. 

Their livelihoods were derived primarily from hill paddy, working in the commercial timber 



plantations, hunting and gathering, and fishing among the coastal communities (AFISB, 

2016).  

Within the study area, about 18% of the land consisted of native vegetation that was retained 

for the conservation of wildlife and water resources. These included mangroves, wetlands and 

secondary forest (selectively logged), water catchments, river buffers and a few small patches 

of fallow land (AFISB, 2016). These were all classified as natural forest (Table 1). Most of 

the coastal mangrove surrounding Bengkoka Peninsula and under the jurisdiction of the 

Sabah Forestry Department was excluded from the study. 

 

Table 1: Percentage of three different land-use type in the study areas.  AFI and GS area. 

Land-use type 
AFI area, 

ha 

GS area, 

ha 

Total 

Land, ha 
% 

Natural forest* 3740.70 693.09 4433.79 17.5 

Acacia plantation 7415.32 5758.42 13173.74 52.0 

Non-Acacia plantation** 7711.38 0.00 7711.38 30.5 

Total 18867.40 6451.51 25318.91 100.0 

* Mangrove, wetlands, logged over forest, water catchment, river buffers or fallow land.  

** Planted with Hevea brasiliensis, Elaeis guineensis or Eucalyptus pellita. 

 

2.2 Mammal diversity survey using camera trap  

Remote camera sampling started on April 10, 2017, and was completed on December 8, 

2017. Remote trip cameras (Moultrie M990i Gen2, Pradco Outdoor Brands, Alabama) were 

used to assess mammal species richness and composition. Based on GIS data provided by the 

two plantation companies in Bengkoka Peninsula, we used ArcMap 10.3.1 (Esri, Redlands, 

California, USA) to randomly selected camera trap locations across the area, which covered 

three different land-use types: natural forest, Acacia plantation, and non-Acacia plantation. A 

minimum spacing of ~1 km was maintained between two cameras to ensure sufficient 

independence among sites and capture a gradient of habitat conditions. Placement of cameras 



was standardized (Wemmer et al., 1996): units were positioned 40-50 cm above ground level 

(Giman et al., 2007; Guharajan, 2016). A small amount of scent lure (10 g of locally-sourced 

shrimp paste) was hung at approximately 2.5 m from the camera to maximize detection 

probability. Cameras were programmed to take a photograph followed by 10 seconds of 

video. There was a one-minute delay after each time the camera was triggered to avoid 

multiple images of the same individual or group of animals. All camera stations were 

checked weekly to replace memory cards, batteries, and baits if necessary. Each camera trap 

station was set for a minimum of three weeks (21 trap nights) and the maximum was 45 trap 

nights. Multiple photos or videos of the same species captured from the same station within 

24 hours were treated as an independent event.  

2.3 Sun bear presence using sun bear sign 

We used sign survey transects to collect additional data on the presence of sun bears in the 

study area. All transects coincided with access trails to remote camera stations. Along 

transects, we searched for bear sign such as claw marks on tree bark, ripped-off bark, faeces, 

and foot prints. All bear sign locations were marked with a global positioning system unit 

(Garmin GPSMAP 64S). Survey tracklogs and geographic coordinates of each bear sign were 

recorded in a computer database. Detection of bear sign was recorded as a presence location 

and indicated by the value 1. We also recorded absence locations (0) by generating 

coordinates for random locations along the survey routes with the Microsoft Excel 

RANDBETWEEN function. Because transects had different lengths, we determined the 

number of the absence locations by dividing transect length by that of the shortest transect, 

i.e., 60 m. For example, for a transect route of 960 m, we randomly generated 16 absence 

locations. 

2.4 Environmental covariates for model fitting 

We obtained data for the 10 environmental covariates for all camera stations, bear sign 

locations, and random locations using a GIS database provided by AFISB and GSSB. We 

developed a set of spatial covariates based on findings from previous sun bear studies as well 

as information from forest managers and local community members.  For each location, we 

measured the distance to the nearest edge of specific land-use types using ArcMap 10.3.1 

spatial tool (Esri, Redlands, California, USA). For area-based measurements, we first 

generated an area with a 500-m radius around each camera station or survey location. Some 

areas that were historically managed by AFI or SAFODA, were currently operated by local 



communities. Such areas overlapped with the 500-m buffer for 11 camera sites. Because 

land-use types for these areas were easily identified using Google Earth Pro, we measured 

distances and areas using the “ruler” tool.  

Covariates measured at each sampling site included: (1) elevation (m), (2) distance (m) to the 

nearest human settlement, (3) distance (m) to the nearest road, (4) distance (m) to the nearest 

river, (5) area (ha) of natural forest (i.e., river buffer, forest reserve, mangrove or associated 

mangrove, secondary/regenerated forest), (6) area (ha) of Acacia plantation, (7) area (ha) of 

non-Acacia plantation (Hevea brasiliensis, Elaeis guineensis, Eucalyptus pellita), (8) distance 

(m) to the nearest natural forest, (9) distance (m) to the nearest Acacia plantation, and (10) 

distance to the nearest non-Acacia plantation. 

 

2.5 Data analysis 

2.5.1 Species identification 

Images and videos from remote cameras were used to identify animals to the species level as 

much as possible. Identification was based on information from IUCN websites, Phillips & 

Phillips (2016) and confirmation by experts. For sun bears, we attempted to identify 

individuals by sex, adult/juvenile/cub, and their unique chest mark (Ngoprasert et al., 2012).  

2.5.2 Capture rates and species richness 

Camera trap detection rates (D) were defined as the number of independent photographs of a 

species (C) per 100 trap nights estimated as D = C x 100 / ∑N, where N was the total number 

of camera trap nights completed during the study (Bernard et al. 2014). An independent 

detection constituted one or more images of a species at a camera site within a 24-hour 

period. Detection of each species at a camera trap station was then tabulated according to 

land-use type, feeding guild, IUCN status and body mass. We used a Pearson’s chi-square to 

test whether detection frequencies, the number of different species (species richness), and 

detections of threatened and near threatened species differed by land-use type. Because total 

area and thus the total number of camera sites differed in natural forest, Acacia, and non-

Acacia plantations, expected frequencies were adjusted according to the total number of 

camera nights within each type of land-use.  

 



2.5.3 Species sampling completeness for three different land-use types 

Observed values of species richness are highly dependent on sample size. In general, most 

communities are skewed towards one or two species; the remainder are rare.  Thus, 

biodiversity samples are usually incomplete, some species will not be detected, and 

undetected species are a common problem (Chao et al., 2014). Because area and therefore 

sampling intensity differed among land-use types, we compared sampling effort 

(completeness) among them by constructing sample-based rarefaction and extrapolation 

(R/E) curves (Chao and Jost, 2012). R/E curves display the observed species accumulated 

against the number of sampling sites and extrapolate the total species richness for each type 

of land-use to estimate the ‘true’ number of species (i.e. estimated species richness; Colwell 

et al., 2012). Sample completeness curves compare sample coverage rates of different land-

use types with unequal sampling size. We tabulated the presence (1) and absence (0) for each 

species recorded at each camera trap station across the three land-use types. Data for camera 

sites were standardized to 21 nights. We also estimated indices of Shannon and Simpson 

diversity, which incorporated the relative abundance of species and reflect the evenness or 

skewness of species distributions in a community. Relative abundance was estimated from 

the proportion of sites where a species was documented. Curves were based on incidence 

data, with 95% of true confidence intervals based on 5000 bootstrap replicates, and generated 

using the iNEXT package (Hsieh et al., 2009) under the R environment 3.5.3 (R Core Team 

2019).  

2.5.4 Variation in mammal species richness with environmental gradients 

We used generalized linear models, namely Poisson regression, to investigate the relationship 

between mammal count data (species richness, total mammal detections, total detections of 

threatened mammals) as response variables and gradients of the 10 natural and anthropogenic 

environmental covariates measured in this study. Poisson regression is particularly suited for 

count data that tend to have skewed frequency distributions (Jones et al. 2002). Threatened 

mammals were those listed by the IUCN as Critically endangered, Endangered or Vulnerable. 

Environmental covariates were standardized to a mean of 0 and a standard deviation of 1 to 

assess the relative strength of parameter estimates (Ramette, 2007).  

We used an information theoretic approach to compare differences in predictive power 

among several a priori models. Generation of the model set was preceded by investigating 

individual covariates visually and selecting those that appeared to have the most effect on the 



response variable (Anderson, 2007; Grueber et al., 2011). We then generated a priori Poisson 

models to examine the association between the response variable and plausible combinations 

of those predictor variables (Warton et al., 2016). Because the total number of sample sites 

was 59, we limited the number of covariates to four or fewer in any single model. 

Analyses were performed using R (version 3.5.3; R Core Team 2019) statistical software. 

Poisson regression relies on the assumption that the variance and mean of the response 

variables are similar. We used a regression-based t-test (Cameron & Trivedi, 1990) of this 

assumption in the R package AER. Where strong over-or underdispersion was evident, we 

used negative binomial models in lieu of Poisson models. We used Akaike’s Information 

Criterion corrected for small sample sizes (AICc; Akaike, 1974) to rank and select the most 

plausible models (Burnham & Anderson, 2002).  If no single best model was evident, we 

calculated a weighted average of parameter estimates of models less than 2 AICc of the 

highest ranked model (Grueber et al. 2011) using the R package MuMln. We used package 

Faraway to check for multicollinearity among variables using the Variance Inflation Factor 

(VIF) in R (Kleiber & Zeileis, 2008; Faraway, 2016).  

2.5.5 Patterns of mammal species composition among different types of land-use 

To evaluate the relationship and visualise the influence of different environmental gradients 

on variation in mammal species composition, we used Canonical Correspondence Analysis 

(CCA). CCA employs a unimodal model to represent mammal species responses to 

environmental variation in an ordination diagram in a reduced spatial dimension (biplot, 

where sites without mammal detections are excluded; Ter Braak, 1986). To accommodate the 

limited sample size of 59 camera sites, we limited environmental variables to six covariates 

that had the strongest influence on species richness and species detections in GLM analyses: 

1) elevation, 2) distance to the nearest road, 3) distance to the nearest settlement, and area of 

4) natural forest, 5) Acacia and 6) non-Acacia. CCA is sensitive to ‘rare species’ that occur in 

species-poor samples. There were three species that were recorded only once in the data set, 

thus, we used a Chord transformation to reduce the effects of zero-inflated incidents in the 

dataset (Ramette, 2007; Borcard et al., 2011). CCA extracts the gradients of each 

environmental variable for each species after combining two sets of data - environmental 

variables (environmental variables per site) and species incidence data (species incidence per 

site: presence =1, absence = 0). We excluded sites with no species records.  



All environment covariates were scaled before running the ordination model. We conducted a 

permutational multivariate analysis of variance (PERMANOVA) test of the final model to 

evaluate the overall influence of environmental variables on mammal species composition. 

Analyses were performed using package “vegan” in R (Oksanen et al., 2019).  

2.5.6 Environmental correlates of sun bear occurrence 

We used logistic regression, a type of generalized linear model that uses a logit link function, 

to examine whether differences existed between the characteristics of survey locations where 

sun bears were detected (presence, denoted by 1) versus locations where they were not 

observed (absence, denoted by 0). We used the environmental covariates described in section 

2.4 to build a set of a priori models with different combinations of covariates. The 

relationships examined with logistic regression models can be used to rank the relative 

importance of areas for sun bear use according to their environmental characterstics. This is a 

relative ranking because lack of detection does not necessarily mean true absence of sun 

bears (Hegel et al. 2010). 

We selected environmental covariates based on habitat relationships of sun bears described in 

the literature and visual assessment of their spatial pattern in relation to the response variable 

Environmental covariates were standardized to a mean of 0 and a standard deviation of 1 to 

assess the relative strength of parameter estimates (Ramette, 2007). Results from telemetry 

studies indicate that sun bears use agricultural plantations for foraging, but these forays 

tended to be of short duration, with bears typically returning daily to natural forest habitats 

(Normua et al. 2004). Therefore, distance to a particular cover type (e.g., natural forest) was 

potentially as important as the area of that cover type and both metrics were therefore 

calculated. However, during model construction, we avoided using both “distance to” and 

“area of” the same cover type in any one model. We were particularly interested in how bears 

related to more heavily trafficked roads.  Thus, we used a road layer consisting of primary 

roads built by AFISB and the Malaysian Public Roads Department that were used extensively 

by the plantation company vehicles, owners of small-holdings, and residents of nearby 

settlements. We developed 98 models and compared them using an information-theoretic 

approach by calculating AICc for each model.  

I conducted the logistic regression analyses using R (version 3.5.3; R Core Team 2019) 

statistical software. I focused on models with a ΔAICc < 2.0 and used package “MuMIn” 

(Barton, 2018) to perform model averaging of those models to improve predictive accuracy 



(Gruber et al., 2011). I tested the model-averaged results with the Hosmer-Lemeshow 

goodness of fit in R package “ResourceSelection” (Lele et al., 2019). I assessed model 

accuracy with R package “caret” (Kuhn, 2019) to perform 10-fold cross validation (Verbyla 

& Litvaitis, 1989) and summarized the results in a confusion matrix.  

2.5.7 Prediction map for sun bear presence  

Based on the full-averaged coefficients from the logistic regression analysis, I mapped the 

relative probability of sun bear presence within the AFISB, GSSB, and former-SAFODA 

areas on the Bengkoka Peninsula. Environmental covariates were back-transformed to 

unscaled values. I used R software (version 3.5.3, R Core Team 2019) and ArcMap 10.3.1 

Spatial Analyst tools (Esri, Redlands, California, USA) with 5 environmental parameters 

(i.e., distance to road, distance to settlement, distance to natural forest, distance to Acacia, 

and non-Acacia Area) to generate the map. 

 

  



3.0 RESULTS 

3.1 Mammals diversity across 3 land-use type 

We deployed 59 camera traps across three land-used types: 24 in natural forest, 24 in Acacia 

plantations, and 11 in non-Acacia plantations. Cameras were operated for a total of 1572 trap 

nights, with 621, 647, and 304 respective trap nights in Acacia, natural forest, and non-

Acacia land use types. Camera traps captured 931 total images of more than 22 species of 

mammal. Camera trap images and direct observations of mammals species revealed a total of 

36 species of mammal and a group of small rodents that were not identified to species (Table 

2).  For further analysis, individuals that could not be identified at the species level were 

grouped within a common genus, family or order. These included rodents, civets, muntjac, 

mouse deer, and otters.  Images of treeshrews (Order Scandentia), were usually 

indistinguishable from squirrels (Order Rodentia, Family Sciuridae) and were consequently 

grouped together (Table 3). The most common mammals found across the area were 

squirrels/ treeshrews, civets and bearded pigs. A few species were captured only once during 

the entire survey: proboscis monkey, silvered langur, and long-tailed porcupine.  These three 

species were all recorded in natural forest.  

  



Table 2.  List of mammal species documented in the study area, listed by family.  Data were 

collected at Bengkoka Peninsula from Sep 2016-Jun2018. 

  Family/ Species Common name IUCN Diet mean, kg 

 Bovidae     
1 Bubalus bubalis Feral water buffalo - H 950.0 

 Canidae     
2 Canis lupus familiaris Feral dog - O 15.0 

 Cercopithecidae     
3 Nasalis larvatus Proboscis monkey EN H 18.0 
4 Macaca nemestrina Pig-tailed macaque VU H 6.5 
5 Macaca fascicularis Long-tailed macaque  LC O 5.0 
6 Presbytis rubicunda*** Red langur*** LC H 6.3 
7 Trachypithecus cristatus Silvered langur NT H 5.3 

 Tarsiidae     
8 Tarsius bancanus Western tarsier VU C 0.2 

 Cervidae     
9 Rusa unicolor Sambar deer VU H 200.0 

10 Muntiacus muntjak Red muntjac  LC H 24.0 

 Erinaceidae     
11 Echinosorex gymnura Moonrat LC C 1.0 

 Felidae     
12 Pardofelis marmorata** Marbled cat** NT C 3.8 
13 Prionailurus bengalensis Leopard cat LC C 2.5 
14 Felis catus Feral cat - C 4.0 

 Herpestidae     
15 Herpestes sp.**** Mongoose sp.**** NT C 1.3 

 Hylobatidae     
16 Hylobates muelleri* Bornean gibbon* EN H 6.0 

 Hystricidae     
17 Hystrix crassispinis Bornean porcupine  LC O 2.0 
18 Trichys fasciculata Long-tailed porcupine LC O 2.0 

 Lorisidae     
19 Nycticebus menagensis**** Slow loris**** VU O 0.5 

 Manidae     
20 Manis javanica Pangolin  CR I 4.8 

 Mephitidae     
21 Mydaus javanensis Malay badger  LC O 2.5 

 Muridae     
22 - Rat sp. - - - 

 Mustelidae     
23 Aonyx cinereus Small clawed otter  VU C 3.3 
24 Lutrogale perspicillata Smooth-coated Otter VU C 9.0 
25 Martes flavigula Yellow-throated marten LC O 1.4 

 Nycteridae     
26 - Bat sp. - - - 

 Sciuridae     

27 Lariscus hosei 
Four-striped ground 
squirrel NT H 0.2 

28 Ratufa affinis Pale giant squirrel NT H 1.2 
29 Callosciurus notatus Plantain squirrel LC O 0.2 



Table 2 cont. 

  Family/ Species Common name IUCN Diet mean, kg 

 Suidae     
30 Sus barbatus Bearded pig VU O 122.5 

 Tragulidae     
31 Tragulus sp. Mousedeer sp.  LC H 3.3 

 Tupaiidae     
32 Tupaia glis Common treeshrew LC I 0.2 
33 Tupaia gracilis Slender treeshrew LC I 0.1 
34 Tupaia minor Lesser treeshrew LC O 0.1 

 Ursidae     
35 Helarctos malayanus Sun bear VU O 42.5 

 Viverridae     
36 Paradoxurus hermaphroditus Common palm civet LC O 2.5 

37 Viverra tangalunga Malay civet LC O 3.9 

 *call heard;  ** detected by camera trap after the sampling period;  *** sighted;  ****carcass found  
 

  



Table 3: Mammal species captured by camera traps in 59 stations in three different land-use types in 

Bengkoka Peninsula. IUCN status: CR= Critically Endangered; EN= Endangered; VU= Vulnerable; 

NT= Near Threatened; LC= Least Concerned. Diet guild: I= insectivore; H= herbivore; O= omnivore; 

C= carnivore. 

 

  

Capture rate per 100 trap-night 

    
Scientific name Common name NatFor Aca NonAca Total No station IUCN Diet Weight,kg 

Manis javanica Pangolin 0.15 0.16 0.00 0.13 2 CR I 4.75 

Nasalis larvatus Proboscis monkey 0.15 0.00 0.00 0.06 1 EN H 18.00 

Sus barbatus Bearded pig 5.10 7.57 1.97 5.47 30 VU O 122.50 

 

Otter sp. 0.31 0.16 0.33 0.25 3 VU C 6.12 

Macaca nemestrina Pig-tailed macaque 4.48 3.54 0.66 3.37 19 VU O 6.50 

Rusa unicolor Sambar deer 1.08 0.81 0.33 0.83 11 VU H 200.00 

Helarctos malayanus Sun bear 0.62 0.48 0.33 0.51 7 VU O 42.50 

Tarsius bancanus Western tarsier 0.62 2.09 0.00 1.08 6 VU C 0.15 

Ratufa affinis Pale giant squirrel 0.15 0.16 0.00 0.13 2 NT H 1.20 

Trachypithecus cristatus Silvered langur 0.15 0.00 0.00 0.06 1 NT H 5.25 

Hystrix crassispinis Bornean porcupine 0.00 0.16 0.33 0.13 2 LC O 2.00 

 

Civet sp. 3.40 12.88 7.24 7.89 38 LC O 3.20 

Prionailurus bengalensis Leopard cat 0.31 1.13 1.64 0.89 11 LC C 2.50 

Macaca fascicularis 
Long-tailed 
macaque 7.57 2.58 3.62 4.83 27 LC O 5.00 

Trichys fasciculata 
Long-tailed 
porcupine 0.15 0.00 0.00 0.06 1 LC O 2.00 

Mydaus javanensis Malay badger 0.46 0.16 1.64 0.57 6 LC O 2.50 

Echinosorex gymnura Moonrat 0.15 0.16 0.66 0.25 3 LC O 0.99 

 

Mousedeer sp. 15.77 2.90 4.28 8.46 24 LC H 3.25 

 

Muntjac sp. 0.15 1.29 0.33 0.64 9 LC H 24.00 

 

Squirrel / 
Treeshrew sp. 28.59 11.27 17.76 19.66 47 LC - 0.41 

Martes flavigula 
Yellow-throated 
marten 0.62 0.97 0.00 0.64 9 LC O 1.40 

 

Rat sp. 5.72 0.97 2.96 3.31 18 - - - 

  Sum 75.73 49.44 44.08 59.22         

 

Apart from squirrels and treeshrews that were abundant, other widespread species or 

species groups were civets, bearded pig (Sus barbatus), long tail macaques (Macaca 

fascicularis) and mouse deer (Tragulus sp.). Almost a third of the species were listed as 

threatened or near-threatened (IUCN, 2017) including the Critically Endangered Sunda 



pangolin (Manis javanica), the Endangered proboscis monkey (Nasalis larvatus), and six 

Vulnerable species.  Five species were endemic to Borneo: the bearded pig, proboscis 

monkey, Malay badger (Mydaus javanensis), Bornean porcupine (Hystrix crassipinis), and 

western tarsier (Tarsius bancanus).  

When adjusted for the total number of trap nights per land-use type, frequencies of 

mammal detections were significantly greater than expected in natural forest and less than 

expected in Acacia and non-Acacia plantations (Figure 2A), although total number of species 

(species richness) did not differ (Figure 2B). Detections of IUCN-listed threatened species 

(Critically Endangered, Endangered, and Vulnerable) were greater than expected in Acacia 

plantations, and much less than expected in non-Acacia plantations (Figure 3A). Detections 

of mammal species of Least Concern were much greater than expected in natural forest and 

less than expected in Acacia plantations (Figure 3B).  

  



 

 

 

 

Figure 2: Observed and expected frequencies of A) mammal detections and B) 

numbers of different species (species richness) based on the number of camera trap 

nights (N= 1572) within each type of land-use at Bengkoka Peninsula. Total 

mammal detections were higher than expected in natural forest, and lower than 

expected in Acacia and non-Acacia plantations (χ2 = 51.6, df = 2, p = 6.24 x 10-12). 

The number of different species (species richness) did not differ among land use 

types (χ2 = 2.25, df = 2, p < 0.325). 
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Figure 3: Observed and expected frequencies of detections of A) IUCN-listed 

threatened mammals and B) mammal species of Least Concern (non-threatened) 

based on the total number of camera trap nights (N = 1572) within each type of land-

use at Bengkoka Peninsula. Detections of threatened species were slightly greater in 

Acacia plantations and natural forest, but much lower than expected in non-Acacia 

plantations (χ2 = 22.48, df = 2, p = 1.3 x 10-5).  Detections of mammals of Least 

Concern were much greater than expected in natural forest, and less than than 

expected in Acacia and non-Acacia plantations. (χ2 = 58.47, df = 2, p = 2.01 x 10-13). 
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All land use types had high to moderately-high sampling coverage (86 – 93 %), with 

non-Acacia receiving the lowest sampling coverage because of the relatively small sampling 

area (Figure 4). Estimated species richness based on extrapolation was similar for Acacia and 

natural forest, but about 35% lower in non-Acacia plantations. However, confidence intervals 

overlapped broadly among all three types of land-use, and except for non-Acacia plantations, 

curves did not reach an asymptote (Figure 5). Thus, estimates of the effective number of 

species (Table 3; Chao et al. 2014) were considerably higher than those based on 

extrapolation where sampling intensity was increased to twice the reference sample size 

(Figure 3). Simulations indicated that sampling intensity would have to increase nearly 17 - 

fold (roughly 400 sites) to reach the estimated number of 51 species in natural forest. The 

sharp increase in species richness for natural forest and Acacia plantations at the left end of 

the coverage-based R/E curves (Figure 6) reflect this the effective number of species in these 

two types of land use were considerably higher than observed, especially in natural forest. 

Both natural forest and Acacia plantations shared similar values for species richness, 

Shannon diversity, and Simpson diversity indices (Table 3), but non-Acacia plantations 

scored lower in all effective measures of diversity. The modest differences between observed 

and estimated diversity indices for all land use types suggest, however, that a few abundant 

species characterized the mammal community and the remainder were probably rare. 

 

Table 4: The effective number of species for the three different land-used type in Bengkoka 

Peninsula. 

  Natural Forest Acacia Non-Acacia 

  Observed Estimated Observed Estimated Observed Estimated 

Species richness 20 50.667 19 39.125 13 18.682 

Shannon diversity 12.293 14.385 11.978 13.998 10.278 13.209 

Simpson diversity 9.796 10.179 9.106 9.522 8.448 9.926 

 

 

 



 

Figure 4: Plot of sample coverage for rarefied samples (solid line) and extrapolated samples (dashed line) as a function of sample size for 

mammal species in three different types of land use. Reference samples are represented by solid icons. Shaded areas represent confidence 

intervals (95%) based on 5000 bootstrap replicates. Sampling effort for all land-use types exceeded 85%. Curves were extrapolated to 

approximately twice the largest reference sample size of 24. 



 

Figure 5: Sample-based rarefaction and extrapolation curves for each major type of land-use in the study area. Solid lines represent rarefaction; 

dashed lines represent extrapolation up to a maximum sample size of 50 (2x the largest reference sample size). Shaded areas represent 95% 

confidence intervals based on 5000 bootstrap replicates.  



 

Figure 6: Coverage-based rarefaction and extrapolation curves for each type of land-use. Solid lines indicate rarefaction; dashed lines represent 

extrapolation up to a maximum sample size of 50 (i.e. double the smaller reference sample size). Shaded areas indicate 95% confidence intervals 

with 5000 bootstrap replications. Observed species richness is represented by a solid symbol.  



3.2 Variation in mammal species richness with environmental gradients 

Poisson models of species richness were not significantly over- or underdispersed. The 

highest-ranking Poisson regression models included the area of natural forest and distance to 

the nearest settlement as covariates (Table 5). Model-averaged parameter estimates revealed 

that the area of natural forest around a sample site was the predictor that contributed most to 

species richness (Table 6).  Species richness was positively associated with a greater area of 

natural forest at a site, whereas species richness declined with as distance to human 

settlements decreased (Table 6).  However, confidence intervals for both covariates 

overlapped zero.  

Poisson models of total mammal detections and threatened mammal detections were 

overdispersed. Thus, the negative binomial distribution was used to generate models for these 

two response variables. Covariates predicting variation in total mammal detections appeared 

in five models that were equally plausible with ΔAICc values < 2.  Elevation appeared in all 

five models.  Model-averaged parameter estimates indicated that mammal detections 

increased with decreasing elevation, proximity to roads, increasing area of natural forest, and  

decreasing area of Acacia. However, confidence intervals excluded zero only for elevation, 

with the remaining coefficients possessing weaker, non-significant effects.   

Two negative binomial models captured 82% of the total weight of habitat models for 

threatened species (Table 5). Detections of threatened mammals increased with increasing 

areas of natural forest and Acacia plantations, proximity to roads and with decreasing areas of 

non-Acacia. Model-averaged parameter estimates excluded zero for covariates in the two 

models with ΔAICc < 2, except for the area of non-Acacia (Table 6). 

  



Table 5. Generalized linear regression results of the top 10 a priori models to assess habitat 

variables associated with mammal species richness (Poisson models), all mammal detections 

(negative binomial models), and threatened mammal detections (negative binomial models) at 

Bengkoka Peninsula, Malaysia, 2017. A detection was one or more mammal species 

documented at a remote camera site during any one sampling occasion of 24 hr. Habitat 

variables were area (ha) of natural forest, Acacia plantation or non-Acacia plantation within a 

500m buffer radius (i.e., nat.for, Acacia, non-Acacia), elevation, distance to nearest settlement 

(d.settle), distance to nearest road (d.road), distance to river (d.river), and distance to nearest 

edge of natural forest, Acacia or non-Acacia (d.nat.for, d.Acacia, d.non-Acacia). 

Dependent 

variable 
Model AICc

a ΔAICc
b MLc wi

d dfe 

Mammal species 

richness 

nat.for 

none 

d.settle + nat.for 

elevation + nat.for 

d.road + nat.for 

non-Acacia 

elevation 

d.Acacia 

road 

Acacia 

240.1 

241.6 

241.9 

242.1 

242.2 

242.7 

243.5 

243.5 

243.6 

243.7 

 0.00 

1.58 

1.84 

2.08 

2.13 

2.68 

3.44 

3.45 

3.55 

3.63 

1.00 

0.46 

0.40 

0.35 

0.35 

0.26 

0.18 

0.18 

0.17 

0.16 

0.20 

0.09 

0.08 

0.07 

0.07 

0.05 

0.04 

0.04 

0.03 

0.03 

2  

1 

3 

3 

3 

2 

2 

2 

2 

2 

Total mammal 

detections* 

elevation 

elevation + Acacia 

elevation + nat.for 

elevation + d.road 

elevation + d.road + nat.for 

elevation + d.road + Acacia 

Acacia 

elevation + d.road + non-Acacia + nat.for 

nat.for + non-Acacia 

elevation + d.road + non-Acacia 

427.9 

428.8 

429.3 

429.3 

429.6 

430.4 

430.8 

430.9 

431.2 

431.5 

0.00 

0.93 

1.36 

1.37 

1.75 

2.52 

2.91 

3.01 

3.31 

3..61 

1.00 

0.63 

0.51 

0.51 

0.42 

0.28 

0.23 

0.22 

0.19 

0.16 

0.18 

0.11 

0.09 

0.09 

0.08 

0.05 

0.04 

0.04 

0.03 

0.03 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Threatened 

mammal 

detections* 

d.road + nat.for + Acacia 

d.road + Acacia+ non-Acacia + nat.for 

d.road + nonAcacia 

nat.for + Acacia + non-Acacia 

nat.for + elevation + non-Acacia 

non-Acacia 

nat.for + d.road + non-Acacia + elevation 

d.road + non-Acacia + Acacia 

d.road + elevation + non-Acacia 

nat.for + Acacia + non-Acacia + elevation 

258.9 

260.5 

264.4 

264.5 

265.5 

266.1 

266.3 

266.5 

266.7 

266.9 

 0.00 

1.65 

5.47 

5.66 

6.58 

7.24 

7.40 

7.60 

7.82 

8.09 

1.00 

0.44 

0.07 

0.06 

0.04 

0.03 

0.03 

0.02 

0.02 

0.02 

0.57 

0.25 

0.04 

0.03 

0.02 

0.02 

0.01 

0.01 

0.01 

0.01 

5 

6 

4 

5 

5 

3 

6 

5 

5 

6 
aAkaike’s information criterion adjusted for small n; bdifference in AICc compared with lowest AICc model; 
cmodel likelihood; dModel weight; eNumber of parameters 

 
  



Table 6. Standardized parameter estimates of model-averaged regression models showing the 

relative influence of different habitat covariates on mammal species richness (Poisson models), 

all mammal detections (negative binomial models), and threatened mammal detections 

(negative binomial models) at Bengkoka Peninsula, Malaysia, 2017. Habitat covariates that 

appeared in top models included area (ha) of natural forest, Acacia plantation or non-Acacia 

plantation within a 500m buffer radius (i.e., nat.for, Acacia, non-Acacia), elevation, distance to 

nearest settlement (d.settle), distance to nearest road (d.road), and distance to nearest edge of 

non-Acacia (d.non-Acacia). 

Dependent variable Parameter Parameter 

estimate 

Standard 

error 

Mammal species richness intercept 

nat.for 

d.settle 

   1.541a 

   0.087 

  -0.008 

  0.060 

  0.071 

  0.034 

Total mammal detections intercept 

elevation 

Acacia 

Nat.for 

d. road 

   2.730 a 

  -0.229 a 

  -0.022 

   0.030 

  -0.033 

  0.082 

  0.089 

  0.061 

  0.066 

  0.070 

Threatened mammal 

detections 

Intercept 

natfor 

Acacia 

d.road 

non-Acacia 

   0.932 a 

   0.744 a  

   0.620 a 

  -0.387 a 

    0.099 

  0.128 

  0.245 

  0.256 

  0.153 

  0.254 
a95% confidence interval excludes zero  

 

3.3 Patterns of mammal species composition among different types of land-use 

Environmental covariates contributed to patterns of species distributions as elucidated in 

canonical correspondence analysis (CCA), with eigenvalues of 0.2185 and 0.1158 explaining 

45 % and 24 % of the variance, respectively, of the species composition data. The two axes 

together explained a total of 69% of variation in species-environment relationships (Table 7).  

Statistical significance for the overall solution of axes in the CCA ordination was significant 

(Monte Carlo permutation test with 999 permutations under the reduced model, df = 6, χ2 = 

0.483, F= 1.473, P=0.006).   

A permutation test of the first ordination axis was significant (df = 1, χ2  = 0.218, F= 3.999, 

P=0.004). The top four parameters in axis 1, in order of decreasing influence, were the area of 

Acacia and non-Acacia plantations, elevation, whereas the area of natural forest explained 

most of the variation for the second axis (Table 7). Permutation tests revealed three 

significant environmental factors: elevation (df=1, χ2  = 0.128 , F=2.335, p= 0.006), the area 

of Acacia (df=1,  χ2 =0.117, F=2.14, p= 0.007), and the area of natural forest (df=1,  χ2 

=0.097, F=1.770, p= 0.048). 



Table 7. Summary of canonical correspondence analysis (CCA) results and biplot scores for 

constraining variables of the first two CCA axes.  

 

 Canonical axes 

 1 2 

Eigenvalue 0.2185 0.1158 

% of variance explained 45.26 23.99 

Cumulative percentage of variance explained 45.26 69.25 
 

Environmental variables    

Elevation 0.6779 0.3892 

Distance to settlement 0.0944 0.0014 

Distance to road 0.0883 -0.3682 

Natural forest area 0.1809 -0.8600 

Acacia plantation area 0.7603 0.3287 

Non-Acacia plantation area -0.7770 0.3991 

 

Biplot relationships showed that elevation, and areas of natural forest, non-Acacia, and 

Acacia were the most important parameters shaping the overall community (Figure 7). Three 

mammals were distinctly associated with natural forest: the proboscis monkey, silvered 

langur, and the mousedeer. Four species (the Bornean badger, giant squirrel, otter, and 

leopard cat) were linked with non-Acacia plantations. Detections of otters were few (N=4), 

and occurred in all three landuse types (Table 2), thus their close affinity with non-Acacia in 

the biplot may owe to a significant proportion of non-Acacia at most sites where otters were 

detected. The muntjac, sambar deer, bearded pig, pangolin, and pig-tailed macaque, were 

closely associated with Acacia plantations. Species like long tailed macaques used both non-

Acacia and natural forest, civets were common in both Acacia and non-Acacia, and western 

tarsiers were affiliated with both natural forest and Acacia. 

 



 

Figure 7. Canonical correspondence biplot (species detections and environmental variables) 

with six standardized variables for a 59-site mammal species survey.  Habitat variables were 

area (ha) of natural forest, Acacia plantation or non-Acacia plantation within a 500m buffer 

radius (i.e., NAT.FOREST, ACACIA, NON.ACACIA), ELEVATION, distance to nearest 

settlement (D.SETT), and distance to nearest road (D.ROAD). The first two canonical axes 

explained 69% of the total variance in species data. 

 

3.4 Bear Sign Analysis 

We sampled 68 survey transect routes across the study area, of which 59 routes were revisited 

three times within the study period. The total survey length was 23,263 m. Average length of 

survey routes was 342 (range = 60–960 m). I detected a total of 119 bear signs, including 

seven independent images from remote camera sites. Most sun bear sign was in Acacia 

(49.6%) and natural forest (47.1%), with four records of sign (3.4%) in non-Acacia.  I 

generated 273 absence points along the transect routes (Figure 8). Most sun bear sign  

 



 

Figure 8. Sun bear presence locations (blue triangles) based on sign and randomly 

generated absence locations (red triangles), Bengkoka Peninsula, Sabah, Malaysia, 2017. 

Black crosses show remote camera locations. 

 

 



 

Figure 9. Frequency of sun bear sign observed along 68 sign survey transects, Bengkoka 

Peninsula, Sabah, Malaysia, 2017. 

 

consisted of claw marks (>95%), with the remaining sign representing ripped-off bark or 

insect nests, foot prints, and scats (Figure 9). 

Logistic regression models indicated the most support for a model that included distance to 

the nearest road, distance to settlement, distance to natural forest, distance to Acacia 

plantation, and area of non-Acacia plantation (Table 8). The strongest relationships between 

presence and absence of sun bears in the study area were with distance to nearest road, 

distance to nearest Acacia plantation, and area of non-Acacia plantation (Table 9). 

The 10-fold cross-validation indicated moderate accuracy of the model-avaeraged logistic 

regression results. We balanced the sensitivity and specificity measures and used a threshold 

value of p > 0.39 for the confusion matrix (Table 10). Finally, we used the full averaged 

coefficents from the averaged model to predict the relative probability distribution map of sun 

bear (Figure 10). 
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Table 8: Generalized linear regression results of the top 10 models to assess habitat variables 

associated with sun bear presence and absence (Logistic models) at Bengkoka Peninsula, Sabah, 

Malaysia, 2017. Habitat variables included area (ha) of natural forest, area of Acacia plantation 

or non-Acacia plantation within a 500-m buffer (i.e., nat.for, Acacia, non-Acacia), elevation, 

distance to nearest settlement (d.settle), distance to nearest road (d.road), and distance to nearest 

edge of natural forest, Acacia or non-Acacia plantation (d.nat.for, d.Acacia, d.non-Acacia). 

Model AICc
a ΔAICc

b MLc wi
d dfe 

d.road + d.settle + d.nat.for + d.Acacia + non-Acacia 424.062 0.000 1.000 0.258 6 

d.road + d.nat.for + d.Acacia + non-Acacia 425.050 0.989 0.610 0.157 5 

d.road + d.settle + elevation + d.nat.for + d.Acacia + 

non-Acacia  

426.129 2.067 0.356 0.092 7 

d.nat.for + d.Acacia + non-Acacia 426.570 2.508 0.285 0.074 4 

d.road + elevation + d.nat.for + d.Acacia + non-Acacia 427.103 3.041 0.219 0.056 6 

d.road + d.settle + nat.for + d.Acacia + non-Acacia 427.331 3.269 0.195 0.050 6 

d.road + nat.for + d.Acacia + non-Acacia 427.709 3.647 0.161 0.042 5 

d.settle + d.nat.for + d.Acacia + non-Acacia 427.762 3.700 0.157 0.040 5 

d.road + d.settle + d.nat.for + Acacia + non-Acacia 428.592 4.530 0.104 0.027 6 

elevation + d.nat.for + d.Acacia + non-Acacia 428.622 4.560 0.102 0.026 5 
aAkaike’s information criterion adjusted for small n 
bdifference in AICc compared with lowest AICc model 
cmodel likelihood; dModel weight; eNumber of parameters 

 

Table 9. Parameter estimates of model-averaged logistic regression models showing the 

relative influence of different habitat covariates on sun bear presence and absence, Bengkoka 

Peninsula, Sabah, Malaysia, 2017. Habitat covariates in top models included distance to nearest 

road (d.road), distance to nearest settlement (d.settle), distance to nearest edge of natural forest 

(d.nat.for), distance to nearest edge of Acacia plantation (d.Acacia), and area (ha) of non-

Acacia plantation within a 500-m buffer radius (non-Acacia). 

Scaled covariates     

Parameter 
Parameter 
estimate 

Standard 
error z value Pr(>|z|)  CI 2.5% CI 97.5% 

(Intercept) -1.1436000 0.1485000 7.679 < 2e-16 *** -1.43549 -0.85174 

d.road -0.3080000 0.1492000 2.058 0.039595 * -0.60132 -0.01466 

d.settle 0.1605000 0.1712000 0.936 0.349348  -0.03265 0.549309 

d.nat.for -0.2895000 0.1734000 1.664 0.096092 . -0.63037 0.051462 

d.Acacia -0.5295000 0.1533000 3.443 0.000575 *** -0.83088 -0.22806 

Non-Acacia -0.9310000 0.2148000 4.322 0.000016 *** -1.35317 -0.50875 

 
Unscaled covariates   
(Intercept) 0.1635086 0.3517943 0.464 0.642830  -5.28E-01 8.55E-01 

d.road -0.0003976 0.0001927 2.058 0.039595 * -7.76E-04 -1.89E-05 

d.settle 0.0001715 0.0001830 0.936 0.349348  -3.49E-05 5.87E-04 

d.nat.for -0.0008450 0.0005062 1.664 0.096092 . -1.84E-03 1.50E-04 

d.Acacia -0.0008954 0.0002593 3.443 0.000575 *** -1.41E-03 -3.86E-04 

Non-Acacia -0.0406872 0.0093861 4.322 0.000016 *** -5.91E-02 -2.22E-02 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 



Table 10. Summary of performance of logistic regression models to determine relationships 

between environmental covariates and presence or abence of sun bears, Bengkoka Peninsula, 

Sabah, Malaysia, 2017. Accuracy assessment based on 10-fold cross-validation of model-

averaged estimates from all models with ∆AICc < 2 and using confusion matrix with a threshold 

value for the predicted probability of p > 0.39. 

 
Parametera Kb Accuracy Sensitivity 95% CIc Specificity 

d.road + d.settle + d.nat.for + 
d.Acacia + non-Acacia 
 

6 0.6624 0.6271 0.6132, 0.7092 0.6777 

d.road + d.nat.for + d.Acacia + 
non-Acacia 
 

5 0.6701 0.6271 0.621, 0.7165 0.6886 

a distance to nearest road (d.road), distance to nearest settlement (d.settle), distance to nearest 

edge of natural forest (d.nat.for), distance to nearest edge of Acacia plantation (d.Acacia), 

and area (ha) of non-Acacia plantation within a 500m buffer radius (non-Acacia) 
b number of parameters in the predictive model 
c confidence interval 

  

 

 



 

Figure 10: Predicted map of sun bear presence based on model-averaged logistic regression 

coefficients, Bengkoka Peninsula, Sabah, Malaysia, 2017. Predicted probabilities of presence 

are provided only for the study area.  

 



4.0 DISCUSSION 

4.1 Variation in mammal species composition with cover type and habitat gradients  

Our first objective was to assess the relationship between habitat gradients, including 

vegetation cover types, and the community composition of mammals in a commercial 

plantation and natural forest mosaic using data collected by remote cameras. Camera trap data 

and direct observation confirmed a total of 36 species of mammals in the study area, and a 

variety of small rodents that could not be identified to species. Species richness did not differ 

among the three main land-use types, but detections of mammals were greatest in natural 

forests, and detections of threatened species were greatest in Acacia plantations. The latter 

owed mostly to the large number of detections of the bearded pig and western tarsier in 

Acacia plantations. Both species are listed as Vulnerable (IUCN 2017). Non-Acacia, which 

consisted of small-holdings of oil palm and rubber, including young stands of Eucalyptus 

pellita, had less mammal detections overall, especially those of threatened mammals. 

Rarefaction analyses suggest that species richness in both natural forest and Acacia cover 

types were likely to be much higher than observed. Mammal detections increased with 

decreasing elevation and detections of threatened mammals increased with the area of natural 

forest and Acacia, and in proximity to roads. The area of non-Acacia was negatively 

associated with detections of threatened mammals. In fact, all analyses pointed to non-Acacia 

as possessing poor indices of mammal diversity and relative abundance. Most mammals 

found in this type of land use were small generalists. Larger mammals, including threatened 

mammals, were associated with areas containing greater amounts of Acacia and natural 

forest. Although mammal associations with natural forest patches were expected, our results 

confirm that Acacia plantations possess attributes important for many species of mammals, 

including those of conservation concern.  

Low elevations have been linked with greater mammal species richness in Southeast Asia; 

lowland equatorial forests support the vast majority of species (Corlett 2014) and in 

Peninsular Malaysia, lowland forests support almost 90% of mammal species (Lim 2008). 

with nearly 2/3rds of those species confined to forests below 1000 m (Lim 2008). In this 

study, however, elevational range was narrow (0 – 100 m), but most natural forest and coastal 

mangrove remnants within the study area were located at low elevations. Furthermore, 

security of natural forest and Acacia cover types was higher. Even though all compartments 

were not gated, human access to natural forest and Acacia stands was more restricted in 



comparison with non-Acacia cover types, the majority of which were small-holdings under 

private ownership. Human activities in Acacia plantations are limited mostly to the stages of 

planting and harvesting. Once seedlings reach 2-3 years, maintenance of the plantation is 

minimal. Also, apart from two major access roads, most plantation roads were subject to low 

levels of vehicular traffic.  

In comparison with natural forest and Acacia stands, non-Acacia cover types, were more 

intensively managed with daily activities such as rubber-tapping, hand-pollination, weeding, 

fertilizing, and harvesting. Most non-Acacia small-holdings were close to homesteads, 

domestic dogs, and human settlements, and had no gate or security check points, making 

human access easier. Furthermore, these areas exercised little control over hunting as opposed 

to land managed by the Acacia plantation companies, which enforced a no-hunting policy. 

Most threatened mammals are sensitive to human disturbance and exploitation. Larger 

mammals are especially vulnerable to bushmeat hunting or for trade in body parts (Carter et 

al. 2017) and small mammals such as tarsiers are removed from the wild to feed the local and 

international pet trade. The fact that mammal detections in general, were associated with 

stands of Acacia and natural forest, and that threatened mammals were associated with 

Acacia stands, may be a consequence of low levels of human activity in these cover types.   

Several studies have pointed to roads as detrimental to biodiversity by providing access to 

hunters (Haines et al. 2012), increasing rates wildlife-vehicle collisions, and by reducing 

wildlife habitat directly or indirectly by facilitating the expansion of agriculture and other 

types of human infrastructure (Fahrig & Rytwinski 2009; Van Langevelde, 2009). Also, some 

species are attracted to roads for the resources they offer, including opportunities to scavenge 

road kills, which makes they vulnerable to traffic-related mortality (Slater 1994, Fahrig and 

Rytwinski 2009).  In this study, threatened mammal detections increased with proximity to 

roads. The road network in the study area consisted mostly of unpaved roads, and apart from 

two frequently-used routes that connected the north-south and east-west regions of the 

peninsula, vehicular traffic was low. Many studies have documented the tendency for certain 

species of mammals to habitually use old logging roads, animal trails, and unpaved roads 

(Slater 1994, Weckel et al. 2006, Bitetti et al. 2014, Kolowski and Forrester 2017), because 

they contain few physical barriers and thus an unobstructed route of travel, but microhabitat 

conditions along road edges (see below) may provide resources for some species.   



 We did not account for false absences in our study; thus species richness and detection rates 

among different types of land-use were likely underestimated. Species accumulation curves in 

Acacia and natural forest did not reach asymptotes, suggesting that increased sampling 

intensity would reveal greater species richness than observed. Cameras were deployed for 21 

nights at each site, a sampling period that we considered sufficient to capture most species 

within a 500 m radius of the camera. However, species differ in how they move around 

within their home range and one camera per sampling location may be insufficient to capture 

the range of species that use the area, especially those that are habitually arboreal or fossorial. 

Increasing the number of cameras per sampling location (camera trap arrays) has proved more 

effective for increasing detection rates than extending the length of the sampling period, 

especially for “hard-to-detect” species (O’Connor et al. 2017). Varying the position of camera 

traps would also help in this regard. 

We attempted to improve detection rates with the use of a small amount of scent lure.  This 

might have introduced some bias by attracting certain species and repelling others (Kays & 

Slauson, 2008). Nevertheless, the use of scent lures may enhance detections of rare carnivores 

and maximize the chances that an animal close to the camera will be photographed. We found 

that a variety of mammals, including omnivores and herbivores, demonstrated curiosity of the 

lure. Furthermore, because the quantity of lure was small, the chances that it drew in 

individuals from beyond the estimated sampling radius of ~500 m was small. Detections of 

some species may have been biased low, also, because of where cameras were placed. We 

consistently placed cameras a few inches from ground level, which might have reduced 

detectability of primates and species like palm civets that are highly arboreal. For example we 

got no camera records of the following arboreal species that were seen or heard: the red-leaf 

langur (Presbytis rubicunda); the Bornean gibbon (Hylobates muelleri), the slow loris 

(Nycticebus borneanus) and the short-tailed mongoose (Herpestes brachyurus). In 

conclusion, both camera placement and scent lure might have biased the composition of 

mammal species estimated from camera trap data. Thus, variation among species detection 

rates cannot be interpreted as differences in relative abundance. However, because camera 

placement and the choice of attractant were standardized in our study, comparisons of 

mammal communities among land-use types are still valid,  

A curious feature of our results was that camera detections of threatened species such as 

sambar, sun bear, and pig-tailed macaques were greater in natural forest, but ordination 

analysis, which accounted for the total area of different vegetation types within a 500 m 



radius around sample sites, associated these species with Acacia. Most natural forest 

remnants in the study area consisted of narrow strips of habitat along streams and drainages. 

Thus, cameras placed within these narrow strips of natural forest would have had a buffer 

composed mostly of Acacia. A similar argument applies to the western tarsier where 

detections in Acacia were 3.4 times higher than in natural forest, yet ordination placed it 

between natural forest and Acacia.  Thus, natural forest remnants may be more important for 

these species than camera detection rates and ordination results suggest. With the exception 

of bearded pigs, western tarsiers, muntjac and civets, detections of almost all other species 

were greater in natural forest. Thus, we caution that expanding areas of Acacia to the 

exclusion of natural forest, may fail to support many common species of mammals, including 

some threatened species.  

A remote camera study in Acacia/secondary forest mosaic in Sarawak, Borneo (McShea et al. 

2009), found a similar affinity for Acacia among civets, sambar and bearded pig, whereas 

secondary forest blocks seemed important for sun bears, pig-tailed macaques and mouse deer. 

In fact, all mammal species, except bearded pig, in McShea et al.’s study, were detected at 

more sites in natural forest than in Acacia leading the authors to conclude that landscapes 

consisting of Acacia plantations alone may not support most species of mammals that they 

documented.  

A notable feature of the study area was the presence of threatened species such as the silvered 

langur, proboscis monkey, western tarsier, and Sunda pangolin.  The silvered langur and 

proboscis monkey are arboreal species associated with coastal habitats. Detections of these 

species were few, and in natural forest remnants along the Bengkoka coastline. Likewise, 

cameras obtained only two detections of the critically endangered Sunda pangolin, one in 

natural forest, and the other in Acacia. Remarkably, the carnivorous western tarsier was 

detected in Acacia stands three times more frequently than in natural forest, although 

ordination analysis placed it equally between natural forest and Acacia. This suggests, that 

natural forest composed a significant proportion of the buffer area around sites where western 

tarsiers were detected. Another implication is that Acacia stands may be rich in insects and 

small vertebrates that provide food and suitable hunting habitat for western tarsiers. We failed 

to detect banteng, clouded leopard, and bay cat in the study area. These species are typically 

rare, and most likely to be reported in major conservation areas such as Tabin Wildlife 

Reserve (Bernard et al. 2014) or in Acacia plantation – secondary forest mosaics, where 

camera-trapping effort has been greater (e.g., > 2000 camera trap nights; McShea et al. 2009).  



For example, a camera trap at Bengkoka, that we deployed for more than eight weeks to 

monitor activity at a bear trap, documented a marbled cat for the first time in an old-growth 

Acacia stand.  

4.2 Habitat relationships of sun bears in Bengkoka Peninsula 

Remote camera photographs of sun bears (N= 8) were too few to infer species-specific habitat 

relationships, but slightly more photographic records of sun bears were obtained in natural 

forest than in Acacia. McShea et al. (2009) suggested that commercial timber plantations may 

be used by animals as corridors between secondary forest patches. In this study, the relative 

probability of sun bear presence, inferred from bear sign (principally claw marks on trees), 

increased closer to Acacia stands and to roads, but declined markedly with increasing area of 

non-Acacia habitat. The relative probability of sun bear presence also increased closer to 

natural forest, but the effect was much stronger for Acacia. Almost 97% of records of sun 

bear sign were divided almost equally between these two types of landuse. The abundance of 

bear sign in Acacia plantations is a strong indication that they provide more than mere transit 

habitat for bears. 

An important caveat associated with detecting bear claw marks was that we could not 

effectively age claw marks, and differences in habitat type may have influenced visibility and 

thus detection. Non-Acacia habitat consisted mostly of oil palm, rubber, and young stands of 

Eucalyptus pellita. Claw marks and other forms of bear sign are harder to detect in oil palm 

and young stands of eucalyptus. Thus, observation of sign in these habitats may have been 

biased low. Claw marks on young Acacia trees are easier to detect because the bark is 

smooth. But when trees get older, the bark becomes rough and fissured, making detection of 

claw marks more difficult including the ability to distinguish between fresh and old claw 

marks. We expect data on bear claw marks in Acacia to be biased slightly low, therefore, and 

we cannot definitively confirm that sun bear use of any habitat type was recent. However, 

claw marks made by bears are biological indicators of diet and habitat use (Steinmetz and 

Garshelis 2010) and sign data confirmed that sun bears used Acacia stands. Thus, Acacia 

plantations may provide important resources for bears.   

Acacias of many species are well known for their capacity to attract bees during flowering 

periods; the role of Acacia plantations for supporting pollinators and honey production is yet 

to be fully evaluated (Moncur, et al. 1991). Honey producers create a valuable source of 

energy for bears and their hives contain protein-rich larvae. We found only one sun bear scat 



containing the waxy remains of a honeycomb, thus, potential resources for sun bears in 

Acacia plantations can only be hypothesized. We observed that stingless bees and giant honey 

bees built hives in mature Acacia trees and many of the hives were visited by sun bears. Older 

Acacia trees may provide suitable microhabitats for stingless bees and have branches suitable 

for sun bears to make nests. Flowering Acacias provide a source of nectar and pollen for bees, 

and may stimulate the construction of hives in adjacent natural forest patches. Furthermore, 

photographs of sun bears in the study area confirmed that the bears were in good physical 

condition and the presence of cubs was suggestive of a breeding population (Appendix).  

Although sun bear nests were never found in non-Acacia plantations, we cannot dismiss the 

possibility that energy-rich food resources such as oil palm fruit might have attracted bears. 

Indeed, remote camera photos in this study confirmed that sun bears might occasionally use 

habitat near human settlements. Studies of sun bears in Borneo confirm that bears visit oil 

palm plantations close to natural forests (Normua et al. 2004) on a temporary basis. Bernard 

et al. (2014) found that camera detections of sun bears close to the boundary of oil palm 

plantations were much higher than those of sun bear detections within Tabin Wildlife 

Reserve, which strongly imply that bears were visiting plantations to feed on oil palm fruit. In 

Bengkoka peninsula, however, the increased presence of humans and domestic dogs in non-

Acacia might have played an important part in reducing bear activity in these areas. Notably, 

7 of 8 remote camera photos of bear were either at night, or during early morning or late 

evening hours when bears would be less likely to encounter people.  

Surprisingly, bear sign increased closer to heavily trafficked roads, suggesting that sun bears 

were using roads to cross the landscape, or were attracted to resources close to roads. In 

North America, roads are a major source of mortality to bears, leading to investigations of 

potential attractants to bears along roads. Roever et al. (2008a, 2008b) found that the edge 

habitat created by the different light conditions along road edges in timber plantations altered 

understory vegetation, increased ant abundance, and encouraging the growth of herbaceous 

species, all of which could potentially encourage bear activity along roadsides. The majority 

of our data came from sun bear claw marks on trees, rather than tracks, which implies that 

bears were using trees close to roads. To our knowledge, this is the first report of sun bears 

showing a positive association with roads. Because proximity to roads increases the risk of 

mortality to bears, from vehicle collisions or poaching, enforcing speed limits near roads and 

spot checking areas near roads for snares set by poachers will mitigate these risks. 



4.3 Management Implications 

About 40 years ago, substantial areas of Bengkoka peninsula were converted to industrial 

plantations. At the time of the study, the landscape was dominated by Acacia mangium, but 

contained patches of oil palm, rubber, and hill rice plantations, fragments of secondary forest, 

coastal mangroves, and young Euclayptus pellita stands.  The latter is expected to eventually 

replace all existing stands of Acacia mangium. The area still supports valuable elements of 

mammal diversity including a number of threatened species that have persisted and adapted to 

the changing landscape over four decades.    

Natural forest patches are clearly important for almost all mammals, but the remnants are 

sparse. Retaining these areas and expanding them via restoration with native trees will benefit 

wildlife persistence, including that of sun bears. It is difficult to predict how replacement of 

Acacia with Eucalyptus will affect mammal diversity. Logging operations for Acacia were 

already in operation during the study and newly established Eucalyptus stands were ~3-years 

old, composing about 1/10th of the total study area. These stands were included under non-

Acacia land-use for analysis, and non-Acacia had poor overall indices of mammal diversity 

and a relatively low probability of sun bear presence.  However, this may have had more to 

do with human activity in small-holdings than cover type per se. Eucalyptus stands may 

eventually prove to be suitable for species such as bearded pig, western tarsiers, sambar, and 

sun bear that use Acacia stands.  Whether a rapid and sweeping removal of mature Acacia 

will result in population declines, particularly of species like the threatened western tarsier 

that were documented mostly in Acacia is unknown. Continued wildlife monitoring will 

provide valuable information on the resilience of the mammal community to the changes in 

tree cover, which will facilitate adaptive management.   

Our data suggest a significant tendency for threatened mammals, including sun bear, to be 

associated with roads.  Although most plantation roads possess little traffic, establishing 

underpasses, speed bumps and roadsigns on heavily trafficked routes will reduce the 

likelihood of vehicle-related mortality.  Informal interviews with local villagers confirmed 

that wildlife hunting for sambar deer, bearded pig and sun bear occurred in the study area and 

that bear gall bladders and paws (see Appendix) were traded in Bengkoka Peninsula. WWF 

Sabah confirmed the trade of sun bear parts sourced from Bengkoka and Kudat. If bears and 

threatened mammals are to persist in the study area, monitoring for evidence of 

hunting/trapping and spot checks by enforcement authorities and honorary wardens will be 



necessary. Public awareness, local support, and education will be extremely important to 

conserve the biodiversity that still exists in the area. 
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APPENDIX 

 
Proboscis monkey Nasalis larvatus, Borneo endemic, EN, Male, AFISB: natural forest.

 
Marbled cat Pardofelis marmorata, NT, GSSB: mature Acacia. 



 
Sun bear Helarctos malayanus,VU, AFISB: natural forest.

 
Sun bear Helarctos malayanus,VU, AFISB: natural forest. 



 
Sun bear Helarctos malayanus,VU, Mother bear and a cub, AFISB: natural forest.

 

Sun bear Helarctos malayanus,VU, male, GSSB border: non-Acacia plantaion. 



 

Western tarsier, Tarsius bancanus 



 

Bearded pig, Sus barbatus, adult with young in Eucalyptus pellita stand (above), and piglets in natural 

forest (below). 



 

Red muntjac, Muntiacus muntjac (natural forest) and mouse deer Tragulus sp. in natural forest. 



 

Yellow throated martens, Martes flavigula and crested fireback male, Lophura ignita, in Acacia 

plantation.  



 

Malayan night heron Gorsachius melanolophus, in Acacia plantation and a chestnut-necklaced 

partridge Arborophila charltonii in natural forest. 



 

Human and dog activity in natural forest stands, Bengkoka peninsula. 

  



Pangolin Manis javanica,CR, GSSB: Acacia forest 

 

 
Pangolin Manis javanica,CR, AFISB: natural forest 



 
Sambar deer Rusa unicolor, VU, Male adult, AFISB: natural forest 

 

  
Pig-tailed macaque Macaca nemestrina, VU, female with baby, AFISB: natural forest 

 



 
Rufous-collared kingfisher Actenoides concretus, NT, Female, AFISB: natural forest. In 

circle, bottom. 

 

 
Hooded pitta Pitta sordida, LC, AFISB: Acacia plantation 

 



 
Megapode Megapodius cumingii, LC, AFISB: natural forest 

 

 

A local resident (name withheld) shows Ng Wai Pak a bear paw (cub) and gall bladder. 

 

  



Bird diversity in Bengkoka Peninsula 

  Bird species Latin IUCN 

1 Black-capped babbler Pellorneum nigrocapitatum LC 

2 Blue-breasted quail (Asian Blue Quail) Synoicus chinensis LC 

3 Blue-winged pitta Pitta moluccensis LC 

4 Bornean banded pitta Hydrornis schwaneri LC 

5 Brahminy Kite Haliastur indus LC 

6 Brown shrike Lanius cristatus LC 

7 Buff-necked woodpecker Meiglyptes tukki NT 

8 Chestnut-necklaced partridge Arborophila charltonii VU 

9 Chestnut-rumped babbler Stachyris maculata NT 

10 Collared kingfisher Todiramphus chloris LC 

11 Common flameback (woodpecker) Dinopium javanense LC 

12 Crested fireback (Bornean Crested Fireback) Lophura ignita NT 

13 Cuckoo sp.  - 

14 Domestic chicken  Gallus gallus domesticus - 

15 Emerald dove (Grey-capped Emerald Dove) Chalcophaps indica LC 

16 Fantail sp. - - 

17 Greater coucal Centropus sinensis LC 

18 Hooded pitta (Western Hooded Pitta) Pitta sordida LC 

19 Japanese sparrowhawk Accipiter gularis LC 

20 Malayan night heron (Malay night heron) Gorsachius melanolophus LC 

21 Megapode (Philippine Scrubfowl) Megapodius cumingii LC 

22 Olive-winged bulbul Pycnonotus plumosus LC 

23 Oriental honey-buzzard Pernis ptilorhynchus LC 

24 Oriental magpie-robin Copsychus saularis LC 

25 Peaceful dove Geopelia placida LC 

26 Pied fantail (Sunda Pied Fantail) Rhipidura javanica LC 

27 Purple-naped Spiderhunter Arachnothera hypogrammica LC 

28 Red-legged crake Rallina fasciata LC 

29 Rufous woodpecker Micropternus brachyurus LC 

30 Rufous-collared kingfisher Actenoides concretus NT 

31 Slaty-breasted rail Lewinia striata LC 

32 Spotted dove (Eastern Spotted Dove) Spilopelia chinensis LC 

33 Sunda scops owl Otus lempiji LC 

34 White-breasted waterhen Amaurornis phoenicurus LC 

35 White-crowned shama Copsychus stricklandii - 

36 Yellow-vented bulbul Pycnonotus goiavier LC 

37 Oriental pied hornbill* Anthracoceros albirostris LC 

38 Blue-tailed bee eater* Merops philippinus LC 

39 Oriental darter* Anhinga melanogaster NT 

40 Black-shouldered kite* Elanus axillaris LC 

41 nightjar sp** -   

  *sighted,  **call heard   
 

 

Reptiles diversity in Bengkoka Peninsula 

  Reptiles Latin IUCN 



1 Malayan Box Turtle (Southeast Asian Box Turtle) Cuora amboinensis VU 

2 Monitor lizard (Common Water Monitor) Varanus salvator LC 

3 Skink Scincidae - 

4 Reticulated python* Python reticulatus LC 

5 Spitting Cobra* Naja sumatrana LC 

6 King Cobra** Ophiophagus hannah VU 

  *sighted,  **carcass found   
 

 


