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ABSTRACT 

The investigation of aimed to broaden the knowledge of Sciuridae in the Sabangau at the Natural 

Laboratory of Peat Swamp Forest (NLSPF). The wider surrounding area is known to contain the 

largest remaining contiguous lowland forest‐block on Borneo, which provides a refuge for its high 

biodiversity as well as threatened endemic species such as the Bornean Orang-utan. 

The research compared two sites, one of more pristine and untouched peat-swamp forest and the other 

more influenced by edge effects, for density and richness of squirrel species. The differences in 

vegetation structure were investigated using canopy cover and diameter at breast height data and the 

squirrel density surveys used line-transect (later analysed using the DISTANCE software). 

The results confirmed the hypothesized differences between the two sites, with a lower encounter rate 

and density observed on the outer transects (1.7 sq/km; 0.74) and higher on the inner transects (2.6 sq/

km; 0.84). Moreover the results highlighted squirrel preferences for higher and interconnected canopy 

cover and an increased density of mature fruiting trees.  

An analysis of the literature context revealed a lack of research in this area particularly in comparison 

with other flagship species in Borneo. Available journals were used to compare the results with other 

density estimates which revealed similar results, confirming the significance of the study. Further 

analyses also highlighted the need to further examine: possible species-specific differences in density; 

the roles of larger and more mature trees in recruitment and the presence of fruiting trees in 

determining squirrel density. 
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1 – INTRODUCTION 

1.1 – TROPICAL RAINFORESTS OF BORNEO 

 

1.1.1 Biodiversity 

Southeast Asia is known today for its long history of colonization and sea trading as well as its 

rapidly expanding population and economy, but despite widespread human impacts and exploitation, 

the region still supports a high natural biodiversity for both flora and fauna.  

The region’s complex geological history coupled with the shifting palaeoclimates caused the isolation 

of large islands, ultimately facilitating speciation (Meijaard, 2003). Its geographic location and 

proximity to the equator has propagated extensive humid forests.  

Today tropical forests still cover half of the land area, 

supporting a high diversity of flora and fauna including 

many endemic species (UNEP, 2009). The area is hence 

often considered a hotspot (see fig1) despite reportedly 

containing the highest proportion of threatened vascular 

plant, reptile, bird and mammal species (Sodhi et al., 

2010).  

Southeast Asia is home to 60% of the world’s tropical 

peatlands, the majority found in Indonesia, which have a 

surprisingly high species diversity despite the ‘extreme’ 

conditions (low pH, low nutrients and anaerobic) (Yule, 

2010:394). Recent research from the tropical peat-swamp 

forests (TPSF), such as those found in central Borneo, 

confirms their capacity to store carbon and to support 

significant and highly specialized biodiversity (Yule, 

2010).  

Fig1 – Map of the hotspots Southeast Asia, where 

hotspot expanses comprise 30-3% of the red areas 

(SOURCE: Myers et al., 2000) 

Borneo is the third largest island on the planet with a landmass of nearly 740,000 square kilometres, 

with territories belonging to Brunei, Malaysia and Indonesia, the latter split into four administrative 

provinces – East, South, Central and West Kalimantan (WWF, 2005:8). The forests of Borneo are 

known for their biodiversity with up to 15,000 different flowering plants, 3,000 species of trees (155 

endemic), 37 endemic birds and 44 endemic mammals with new species discovered on scientific 

expeditions every year (WWF, 2005:10&15). Many of the flagship species, such as the Bornean 

orang-utan and the Bornean Gibbon, are endemic to the island and are both listed as ‘endangered’ on 

the IUCN red list (IUCN, 2014). 

()"



About 62% of the world’s tropical peatlands are found in the Indo-Malayan region, with the lowlands 

harboring the largest remaining area of peat swamp rainforest in Borneo, making them particularly 

unique (Wich et al., 2008; see fig2). In addition to acting as a vital forest habitat for threatened 

endemic species, peatlands also contain or store 20-35% of the carbon in the terrestrial ecosphere/

soils and play a critical role in natural water regulation and purification (WWF, 2005:62). However, 

peat-swamp forests have received comparatively little scientific attention to other fragile forest types 

and hence remain inadequately understood (Posa et al., 2011:15). Perhaps this can be attributed to 

perceived issues such as difficult accessibility of dense swampy areas and the belief that these areas 

have low biodiversity (ibid). 

Yet these opinions may be misguided as it has since been asserted that peat swamps support a high 

proportion of specialized, endemic taxa (i.e. terrestrial flora and aquatic invertebrates) (Yule, 2010). It 

is important to ascertain this biodiversity as well as other qualities, such as vast amounts of carbon 

storage, in order to elucidate the importance of Borneo’s peatlands and their future benefits.  

1 – INTRODUCTION 

Fig2 – Map of Peninsular Malaysia, Sumatra and Borneo showing the extent of peat swamp forest in 

2004 (SOURCE: Posa et al., 2011:51) 
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1 – INTRODUCTION 

1.1.2 Threats faced 

Unfortunately the forests of Southeast Asia are disappearing fast with dire impacts to biodiversity 

(WWF, 2005:10). Prior to 1985 roughly 75% of Borneo was completely covered by forest, however 

by 2005 this had reduced to 50% and a further reduction by a third is predicted by 2020 (ibid;7). This 

can be attributed to a variety of factors, including deforestation, degradation, habitat conversion, 

climate change and fire (Elhers-Smith & Elhers-Smith, 2013; Posa et al., 2011). All are linked to 

human action, the most detrimental for peat being the draining and logging of vast areas which 

changes the conditions and ‘upsets the balance’ so that the forest can no longer recover (Posa et al., 

2011:54).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The region’s rapid expansion of commercial endeavours are widely considered culpable for 

accelerating deforestation in the 1990s (WWF, 2005:55; fig3). The widespread oil palm (Elaeis 

guineenis) agriculture has been widely documented, with several million hectares of plantations 

replacing both primary and logged forest over the last two decades (Koh & Wilcove, 2008; Gibbs et 

al., 2010; Reynolds et al., 2011; fig4). 

Fig3 – Map of Forest Cover Loss on Borneo in 1900, 

2000 and forecasts for 2020 (SOURCE: WWF, n.d) 

Fig4 – Map of forest coverage, biodiversity and economic 

developments on Indonesian Borneo (SOURCE: UNEP, 2009) 
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1 – INTRODUCTION 

The detrimental impact to wildlife is considerable, many perish and some are forced to survive in 

small fragments of forest with reduced interconnectivity and genetic diversity. Moreover, facilitated 

access to inner forest areas can often enable the growth of illegal activities such as the wildlife trade 

and further logging.  

When peat swamp forests become exposed, the upper layer of the peat dries out and are prone to 

forest fires which can smoulder beneath the surface for years (WWF, 2005:12). Burning often 

releases large amounts of particulate matter (CO) into the atmosphere, which is added to the increase 

of CO2  emissions when forests are cleared, due to their carbon storage capacity (Slik et al., 2010; 

Page et al., 2002).  

The NLPSF has in the past been affected by forest fires with the most recent in 2006-2007 which 

affected parts of the edge forest (Harrison et al., 2009). The area was selectively logged under 

concession until 1997 and then illegally until 2003 (Manduell et al., 2011). The process led to forest 

degradation through drainage of the swamp via illegal logging canals used to float out timber, 

resulting in peat degradation, heightened fire risk and tree falls, and forest loss in some areas. 

Drainage and subsequent fire remain the biggest current threats to the forest. 

The Sabangau, 568,000 ha of tropical peat-swamp forest, has been exposed to disturbances such as 

uncontrolled illegal logging and drainage through timber-extraction canals. The affected parts, 

experience a significant reduction of the water table and more frequent and devastating forest fires 

(Wosten et al., 2008). Large-scale commercial logging was stopped in the early 2000s by the Centre 

for International Co-operation in the Management of Tropical Peatland (CIMTROP), after 

programmes to monitor and patrol the area were implemented. Moreover, nearby ‘Taman Nasional 

Sebangau’ was designated a national park in 2004 which increased protection around Sabangau, 

however the lack of effective logistics and resources mean that it is difficult for the local Forestry 

Department to fully eradicate illegal timber extraction (Husson et al., 2007) (see fig7).  

An example of a failed project with dire consequences is the Mega Rice Project known in Indonesia 

as Proyek Lahan Gambut (PLG) (see fig4), where between 1996 and 1998 around 1 million ha of 

mostly peatland was deforested and drained for agricultural rice production and settlement 

(McCarthy, 2001). The ‘irrigation system’ (consisting of 4,600 km of canals) has destined the area for 

wasteland unable to support crops and no rice was grown (WWF, 2005:62). 

Nevertheless it is important to recognise that the impacts to peat-swamp forests vary according the 

type and scale of logging and it is important to recognise the differences between subsistence, small-

scale profit and commercial endeavours. Selective logging generally has a smaller impact on wildlife 

and targets trees of a certain age, diameter and species, hence often recognised as more sustainable. 
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1 – INTRODUCTION 

1.2 – SQUIRRELS OF BORNEO 
GENETICS OVERVIEW / DESCRIPTIVE BEHAVIOURAL ECOLOGY 

molecular dating / speciation rodentia general background 
distribution & ecology mammals 

Malaysia 

molecular dating / speciation diet / canopy use / body size diversity in logged / unlogged forest 

genetics nest sites / rodents & tree shrews competitive exclusion / diet / range 

molecular dating / speciation body size / gliders logging / borneo mammal overview 

Pleistocene / squirrel species roots native vs invasive species 

frugivores wildlife trade / illegal hunting 

seed dispersal / degraded areas diversity in logged / unlogged forest 

diet / canopy use / body size logging impacts 

morphology flying squirrels logging / borneo mammal overview 

skull size / black giant squirrel 
commercial forest thinning / flying 

squirrels / Oregon 

range of diurnal squirrels forest structure / squirrel responses 

morphometric data / scurid lice biotic pressures / impact to squirrels 

logging / red squirrels 

forest thinning / opulation 

dynamics / flying sq & red sq 

forest management /  responses of 

northern flying squirrels 

Fig5 – Summary of topics from scientific 

literature search of ‘squirrels; disturbance; 

canopy cover’ (SOURCE: Science Direct, 

Web of Science and Springer Link) 

1.2.1 Review of Literature Search 

In order to gain an overview of the research 

conducted in the field, the key scientific 

databases were searched (see Table1)

(different combinations of:- squirrels; 

disturbance; canopy cover; Borneo and 

Indonesia). 

SCIENTIFIC 

DATABASE 
SEARCH 

NUMBER OF 

RESULTS 
TOTAL 

1 ScienceDirect 

squirrel* AND borneo 

283 

473 2 Web of Science 40 

3 Springer Link 150 

1 ScienceDirect 

squirrel* AND indonesia 

637 

933 2 Web of Science 57 

3 Springer Link 239 

1 ScienceDirect 

orang* AND borneo 

1262 

3557 2 Web of Science 388 

3 Springer Link 1907 

1 ScienceDirect 

orang* AND indonesia 

4916 

10,013 2 Web of Science 723 

3 Springer Link 4374 
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The more specific the search to the research question, the 

fewer relevant journals were found. Figure 5 shows an 

overview of the main topics encountered (see table1; 

appendix4).The results showed that very few studies have 

been conducted on squirrels in Indonesian-Borneo, 

particularly when compared to the number of studies 

conducted on flagship species such as the orang-utan (see 

table1; fig6).  

Koproski regards the lack of literature on arboreal Sciuridae 

world-wide a ‘bleak picture’ , with of 13% of known species 

the subject of ≥1 publication (2005:245). 

Other studies also ‘suggest a significant dearth of data for tree 

and flying squirrels’, with 0-4 publications published on 

Borneo (Koprowski & Nandini, 2008:852) (see appendix4). 

Table1 – The number of results for each search topic within 

each scientific journal database (SOURCE: Science Direct, 

Web of Science and Springer Link) 

Fig6 –  The number of scientific journals resulting from 

orangutan vs squirrel searches (SOURCE: Science Direct, 

Web of Science and Springer Link) 
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1 – INTRODUCTION 

1.2.2 – Species Overview 

Squirrels are part of the family Sciuridae, of the order Rodentia, and have been known to occupy a 

wide range of niches in temperate, subtropical and tropical regions of Southeast Asia, the Americas, 

Northern Eurasia and Africa. Research in the 1920s proposed six sub-families and the flying squirrels 

(Pocock, 1923), changed to five in 2003, with the most ancient lineage being the genus Ratufa and the 

Callosciurinae constituting the South-east Asian tree squirrels (Thorington et al., 2012:2) (Plate1).  

The tropical forests of Southeast Asia are the centre of tree squirrel species and endemism with 

species richness exceeding 50 and substantial endemism (Koprowski & Nandini, 2008). The Rodentia 

form a large part of the small mammals on Borneo (61 species out of a total of 2000 worldwide) 

including the 34 known squirrel species (14 nocturnal and rest diurnal) (Meijaard et al., 2005). The 

Sciuridae can be split into diurnal ground-dwelling, arboreal tree squirrels and nocturnal flying 

squirrels. The dense cover of high forests of Borneo has led to the evolution of many squirrel species 

to fill many ecological niches, from the tiny pygmy squirrel (Nannosciurus melanotis), to the giant 

squirrel (Ratufa affinis) and 12 known species of flying squirrels (WWF, n.d.).  

Due to their excellent vision, squirrels can communicate using posture, foot stamping and tail 

movements to convey information, dominance and alarm. Calls range from high pitched squeaks and 

squeals to low-pitched chucks (Thorington et al., 2012:13). Although squirrels are generally thought 

to be fairly easy to observe and monitor, their identification can present difficulties since some 

species have extensive variations in colour, particularly in Callosciurus (Francis, 2008:328). 

 Squirrels often described as opportunistic and typically omnivorous, eating both plants and small 

invertebrates, however the majority of tree squirrels are granivores or frugivores (Gross‐Camp, 

2009). Some species are more specialized however, with for instance pygmy squirrels known to be 

bark gleaners (Emmons, 1980). 

 

1.2.3 – Threats faced 

Approximately 74% of the threats small mammals in South-East Asia are habitat-related, with 

squirrels experiencing habitat loss and fragmentation which has been caused by threats such as 

logging, agriculture, development, industry and commerce as mentioned previously (CAMP, 

2005:41). Tree squirrels across the globe are considered at risk (Koprowski & Steele, 1998). These 

threats can also reflect in changes in food abundance, increasing inter- and intra-species competition, 

however squirrels are known for their ability to adapt and exploit other food sources in times of fruit 

shortage. Forest fires may also have an impact to squirrel populations, where increased predation 

following burning is believed to drive squirrels to other strata (Dwiyahreni, 2003).  
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1 – INTRODUCTION 

However, although logging impacts to squirrels have been linked to: genetic variation, population 

densities, home ranges size and reproductive performance, studies have found that responses do not 

follow a clear pattern with some species notably reduced and others increased. Perhaps a reflection of 

dietary adaptations or simply normal seasonal effects (Meijaard et al., 2005:78-81).  

Moreover Callosciurus species are known to be hunted for food in several parts of Southeast Asia, 

however Bennett and Dahaban (1995) found that certain species (i.e. giant squirrels) can increase in 

areas subjected to high hunting pressure, perhaps opening up niches (see discussion). 

 

1.2.4 – Conservation status 

The ‘IUCN Red List’ labels many of the Sciuridae in Borneo to be of least concern (IUCN, 2014), 

and some endemic species of giant and flying squirrels have been elevated to conservation risk with 

the black giant squirrel and the shrew-faced squirrel near threatened. However most species are so 

poorly studied and there is so little knowledge of squirrels in tropical forests that accurate 

assessments cannot be made, for instance the slender-tailed squirrel is data deficient (ibid).  

Plate1 – Callosciurus notatus at the NLPSF research camp, NLPSF (SOURCE: Joey Markx at OuTrop) 
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1 – INTRODUCTION 

1.2.5 Squirrel population dynamics vs. habitat structure 

The relationship between squirrels and plants is often described as ‘symbiotic’ since they serve as 

keystone agents of seed dispersal through the consumption of fruiting bodies and dispersal of seeds 

and spores in subtropical and tropical forests. Hence squirrels act as ‘ecosystem engineers’, 

structurally changing the environment and perhaps providing critical ecosystem services (Thorington 

et al., 2012:17-19). 

This close association between squirrel species and a variety forest attributes was discussed by 

Herbers and Klenner (2007) in terms of the logging of Douglas-fir forests and its impact on 3 species 

of forest-dwelling sciurids. The study concluded that mature tree removal may have complex impacts 

to vegetation structure such as increased light penetration to understory plants and trees, which could 

lead to a change in the microclimate and ultimately a change in species composition (ibid:2659). The 

diminished number of mature trees, including the seed-producing trees, is linked with a reduction in 

sciurid numbers (Glaucomys sabrinus and Sciurus vulgaris). 

Prather et al. (2006) also explore squirrel density and recruitment in relation to forest structure and 

vegetation composition for Sciurus aberti . Their results showed that the canopy cover threshold of 

40-50% has a large influence on squirrel recruitment and is “probably indicative of the lower 

thresholds for connectivity in the landscape” (ibid:728).  

Koprowski discusses the direct impact that differing forest management strategies have on squirrel 

populations, with ‘clearcut’ resulting in a reduction of red squirrel density from 1.2 to 0/ha and 

‘thinning’ from 1.5 to 0.5 squirrels per ha (2005:246). However the study revealed that if 

management plans involve large connected forests with small and temporary fragmentation in a 

mosaic form, there may be minimal impact to squirrels. 

Apart from vegetation structure, a range of alternative factors may affect squirrel population density, 

spread and behaviour, such as weather, food availability, and predation, have been shown to impact 

squirrel populations (Keith 1965). Weather may be a particularly important factor in causing 

fluctuations in tassel-eared squirrel populations across our study area. For example, Dodd et al. 

(2006) found that recruitment was positively related to winter–spring precipitation. 
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1 – INTRODUCTION 

1.3 – RESEARCH QUESTION, AIMS & RATIONALE 

 

How does Sciuridae density differ between relatively disturbed and pristine forest transects in the the 

Sabangau Tropical Peat-Swamp Forest, Central Kalimantan, Indonesia? 

 

The research project is the first of its kind to study the squirrel populations at the Natural Laboratory 

Peat-Swamp Forest (NLPSF). The main aim was to compare the population density of squirrels 

between sites of differing forest disturbance in order to investigate potential impacts of vegetation 

structure to biodiversity. 

Along with measurements of distance for density predictions, the study aimed to record other 

potential variables including activity time, canopy preference, vertical space use and other observed 

behavioural traits. Additional to these, the temperature and rainfall were to be recorded daily and data 

of fruit trees from various vegetation plots was to be used as a comparison.  

Despite this, smaller mammals fill critical niches in the peat-swamp ecosystem and their shorter 

breeding cycles and rapid reactions can be advantageous when studying biodiversity and forest 

quality and health. Past studies, in different biomes, have considered the direct link with squirrel 

density and habitat quality (Saiful & Nordin, 2004; Cockburn, 1992; Wheatley et al., 2002), food 

depletion (Herbers & Klenner, 2007) and in terms of breeding rate (Wauters et al., 2001).  

Although considerable primate research has been undertaken at the NLPSF research site pivotal for 

science and conservation of the orang-utan, only few studies have targeted small mammals. 

Moreover, a comprehensive literature review of all scientific research from Southeast Asia and 

Borneo revealed a lack of papers with a specific focus on squirrels (see table 1; appendix4).  

In general, further knowledge of coexistence patterns and roles of small mammal in their ecosystems 

and their ability to cope with habitat changes is vital with the rising impacts of habitat loss and 

fragmentation in tropical rain forests worldwide (Wells et al., 2004).  

The study therefore recognized the need to expand research on squirrels in Borneo and paired this 

with an investigation into potential patterns of forest structure and degradation in the NLPSF. 
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1.4 – HYPOTHESES 

 

The main hypothesis considers the impacts of ‘edge effects’ on squirrel density in the outer forest of 

the Natural Laboratory of the study of Peat Swamp Forest (NLPSF). It assumes that this area is more 

degraded and that squirrel density will be negatively impacted. The different variables examined can 

form additional hypotheses in order to test other potential impacts to squirrel populations. 

 

! There will be a lower canopy cover at edge of forest transects than inner forest transect since the 

trees are less developed / less mature in the NLPSF. 

 

! There will be fewer mature animal-dispersed trees in the vegetation plots located nearer to the 

edge of the forest than the inner forest in the NLPSF.  

 

! Squirrel populations will be less dense and lower species richness at edge of forest transects than 

inner forest transects in the NLPSF. 
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2 – METHODOLOGY 

2.1 – GEOGRAPHICAL LOCATION 
 

This research was carried out as part of the OuTrop 

multi-disciplinary research project in collaboration 

with CIMTROP. The data was conducted during the 

months of June/July 2014 in the Sabangau Forest 

Central Kalimantan province of Indonesian Borneo, 

20km south-west of the provincial capital Palangka 

Raya (see fig7). More specifically, the NLPSF covers 

500 km2 out of the total Sabangau forest area 

(stretching south from Palangka Raya to the coast 

and from the east R.Kahayan to the west R.Katingan, 

~9,200 km2) and can be found at (21°18’58.21” S, 

113°54’26.94” E). The field station borders the 

Sabangau river and the high water tables in the forest 

itself causes flooding of the peat-swamp in the wet-

season, and run-off in the dry season (June – 

October). The tropical climate is generally hot and 

humid, attributable to its proximity to the equator and 

during the research period rainfall and temperature 

were recorded each day at 06:00 and 18:00 using a 

minimum-maximum thermometer  and a rain-gauge 

situated at the research camp (see fig8). 

Fig8 –  

Climate graph 

of temperature 

and rainfall 

during the 

June/July data 

collection 

period 

Fig7 – The Sabangau Forest within Kalimantan (see 

inset), where ‘X’ marks the study area at NLPSF 

(SOURCE: Cheyne & Macdonald, 2011) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

0 

5 

10 

15 

20 

25 

30 

35 

40 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

JUNE JULY 

R
A

IN
F

A
L

L
 (

m
m

) 

T
E

M
P

E
R

A
T

U
R

E
 (

°C
) 

LEVEL 

(mm) 

MIN 

(°C) 

MAX 

(°C) 

MEAN 

*)"



2.2 – FIELD DATA COLLECTION 

 

2.2.1 Line-Transect Surveys 

In order to explore the population abundance and density of squirrels in the NLPSF, a variety of data 

was collected using line-transect surveys in both the representative locations, inner (Transect A and 

C) and outer forest or forest edge (Transect Secret East - SE and Secret West - SW). The transects 

were located at least 500m apart to reduce the amount of overlap. The mixed-swamp forest has burnt 

in recent years, with the edge forest being generally more susceptible to the ignited fires. A delineated 

section on the transect SE (±550-750m), burnt in 2006-2007, was so different in vegetation structure 

and type from the rest of the transect that data would not be representative and this section was 

therefore excluded (see yellow box – fig9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig9 – The GPS results (appendix3) from each sighting and the location of the line-transects walked, where: Transect A 

(light blue), Transect C (dark blue), Transect Secret East (red) & Transect Secret West (pink). The location of the NLPSF 

is shown as well as the burnt area on transect secret east delineated by a yellow box (SOURCE: Google Earth) 

River Sabangau 
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2.2.1 Canopy Cover 

An estimation of canopy cover at three height ranges: <10m, 10m – 20m and >20m, was made every 

50m along each line in the inner and outer transects in order to build up a picture of the forest 

structure and density. A densiometer was used, with the blocked squares counted (obscured by 

vegetation) at the different levels and later a percentage cover calculated (see fig10). 

This method is also referred to as ‘canopy closure’ and defined it as “the proportion of sky 

hemisphere obscured by vegetation when viewed from a single point” (Jennings et al., 1999:62). 

The techniques was also used to take a spot estimate at each squirrel sighting along the line transects. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

Fig10 – A visualization of the densiometer used to estimate canopy 

cover, with the number of squares counted 
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Due to limiting factors, such as difficult working conditions and limited days available for data 

collection, surveying was limited to two contrasting areas (see fig9). The surveys were conducted in 

June and July of 2014 (the late wet to early dry season) with generally low forest flood waters at both 

sites of the NLPSF, and some patchy dry areas in the edge-of-forest transects. 

The method is based on that described in Buckland et al. (2001 & 2010) and Thomas et al. (2010), 

with the data collected in order to estimate population density, using the principles of the software 

‘Distance’ (see p.26).  This sampling technique is today widely employed in the tropics for both larger 

animals, such as Red Langurs (Elhers-Smith & Elhers-Smith, 2013) and also smaller animals, such as 

Buffy-tufted-ear Marmosets (Norris et al., 2011).  

The line transects were surveyed by two people simultaneously, the researcher and an assistant (±10 

years of experience working at research site), this technique allowed a higher detection rate 

(particularly of still squirrels) and was maintained for all transects. Often the squirrels’ rapid 

movements in the vegetation provoked a sighting, and only rarely an individual was spotted still 

(resting or eating) or visually detected after hearing the sound of its call (chattering or long-calling) 

(see p.36; plate3).  

Figure 11 helps to illustrate that some points off the line go undetected (do not have a perpendicular 

line) however points on the line itself are always detected. Also, those at greater distances away have 

a lower probability of being detected (Burnham et al., 1980). In order to avoid restricting the number 

of observations we did not limit w in practice (see fig12), however naturally the distance is impeded 

by clear vision and obstruction by dense vegetation. 

 

Fig11 – A diagrammatic representation an aerial view of detected points and their 

distance to the transect within a census area (SOURCE: Burnham et al., 1980) 
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The transects, 1 km each in length, were surveyed at approximately 250m per hour. The length of 

daily transects was restricted by the difficult terrain and conditions, with long transects compromising 

the ability of the researchers to detect animals. The number of sightings obtained was of importance, 

since 40 were necessary to estimate parameters reliably from distance sampling (Buckland et al., 

2001). In order to increase the number of detections the four transects which (2 inner and 2 outer see 

fig9) were each surveyed 5 times (total effort expended, 20km). 

Upon detecting a squirrel, basic information was noted (i.e. date, start time, location and transect 

name), then the transect was traversed at a slow but fairly constant walking pace (often 5-10 steps and 

then a pause of 5/10 seconds – to confirm that a squirrel species rather than another small mammal).  

At the moment of sighting, the following data was collected from the point of sighting (R) (see fig12) 

(bold refers to key): 

-  time of day;  

-  geographical coordinates (using GPS);  

-  height of the squirrel (using clinometer, degrees(°) and estimated height, metres);  

-  bearing to the squirrel (the angle in degrees(°), Θ);  

-  distance from researcher to squirrel (metres, y); 

-  perpendicular distance from squirrel to transect (metres, x); 

-  species & behavioural data; 

-  canopy cover at squirrel sighting 

 

 

 

 

Fig12 – The transect line survey method (SOURCE: Buckland et al., 2001) 

T 

SQ 

R 

KEY 

R = position of researcher 

SQ = position of squirrel 

W = strip width 

x = sighting distance 

y = perpendicular distance 

Θ = sighting angle 
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2.2.3 Diameter at Breast-Height (DBH) of animal dispersed trees 

Vegetation plots conducted in June 2013 by the Orangutan Tropical Peatland Project (OuTrop) as part 

of the on-going research at NLPSF investigating the differences of fruit and flower availability at 

increasing distances from the river. The a snapshot of this data from four plots, named 0.4, 1A, 1C 

and pH, formed a comparison in order to test differences between inner and outer forest plots for this 

project. Each plot is divided into two parts (see fig13), “Sub-plot 0” (300 x 5m, total 0.9 ha) and “Plot 

1” (500 x 5m, total 1.5 ha), where the smaller sub-plot to the north of the transect measured all alive 

trees ≥6cm DBH and the plot to the south trees ≥ 20 cm DBH. This sampling method was employed 

to facilitate spatial analysis of differences and set templates for later temporal analyses, it was also 

designed for the logistical restrictions. (Harrison, 2009:59; Harrison et al., 2010)  

 

 

 

 

 

 

 

 

 

The dataset from the plots was truncated for ease of analysis, with only animal-dispersed trees since 

this was relevant to squirrel populations and also a 20-cm minimum DBH limit for trees was imposed 

since the majority of the sightings were in larger trees with wide trunks (>20cm) (appendix8). 

 

2.2.4 – Other data 

Other data were also recorded, while completing each transect, including: time sighted; substrate; 

height; squirrel species & behaviour. These data were visually assessed, estimated and categorized 

using designed keys (Table2). 

PLOT 

SUB-PLOT 

Fig13 – A visualization of the trees sampled in the vegetation plots 

A liana PL plantain F feeding

B branch SL slender FO foraging

C stem LO lows TR travelling

D trunk SH shrew-faced C calling

E other PY black-eared pygmy S sleeping

FL flying (red/whiskered) ST still

n/a non-identifiable FI fighting

M mating

O other

SUBSTRATE SPECIES BEHAVIOUR

In some cases sightings were so 

fleeting that species and behaviours 

were non-identifiable. 

Table2  – The key table used in the line-transect methodology 
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2.3 – STATISTICAL ANALYSES 

 

2.3.1 Statistical Software 

The statistical analyses of central tendency was explored using Microsoft Excel for Mac 2011 version 

14.2.3 and the analysis of variance (ANOVA) was examined using the ‘two-sample t-test’ in SPSS 

Statistics Desktop (V22.0). 

In order to investigate the squirrel abundance and density, DISTANCE version 6.0 was used with the 

methodology described by Buckland et al (2004) and Thomas et al (2002). 

The perpendicular distances were analysed using a probability density function that models the 

decrease in sightings of animals with distance from the centre line of the transect. This function is 

then used to calculate a density of groups with standard error and 95% confidence limits (Plumptre, 

2000; Buckland et al. 1993). The method looks at the effective strip half-width µ, with the density 

calculated using the equation: 

 

 

 

 

 

The constant (µ) is the total area under the detection function which estimates how wide the strip 

width would be if every organism was seen and none were missed (fig14 and table9). 

D̂ =

n

2µ̂L
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2.3.2 Assumptions in Distance software 

According to the methodology of Buckland et al. (2001:9), a series of assumptions were made for the 

use of the DISTANCE software in the abundance analyses: 

 

 

 

 

 

Another assumption outlined by Welsh (2002) is of uniformity, where the software assumes the items 

being sampled are distributed at random in the landscape and that the probability of detection falls the 

further away the animal is from the line transect baseline (fig14&15).  

1.  No animals directly on the transect line went undetected (detection probability or g(0)=1) 

2.  No movement occurred prior to detection 

3.  The data were free of measurement error (with no measurement error and no rounding errors) 

4.  Sightings of individual animals were independent events 

Fig14 – An example detection function, where the area under 

the function represents the items counted and the area above 

the function represents the items missed (Burnham et al., 

1980:189) 
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Fig15 – A basic visualization of decreasing 

accuracy of sightings, assuming all squirrels on 

the line detected 
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3.1 – DATA ANALYSIS 

 

3.1.1 Canopy Cover 

The photographs taken in around the NLPSF research camp visually show differences in the 

vegetation structure between sites. Photographs a & b show the affect of the 2006 forest fire creating 

a wide open space with few trees; c & d, taken on the inner transects, show a denser and darker 

transect in comparison with e & f, taken on the outer transects, more open and sparsely vegetated. 

3 – RESULTS & ANALYSIS 

(a) (b) 

(c) (d) 

(e) (f) 

Plates 2a to 2f – Photos from June/July at the NLPSF where: (a) forest fire in 2006 (SOURCE: OuTrop, 2006); 

(b) transect SE at burnt area; (c) transect A; (d) transect C; (e & f) transect SW *&"
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The changes in canopy cover along the transect, estimated using a densiometer, are displayed in line 

graphs of percentage canopy cover (CC) for each level – 10<, 10 – 20 and 20>. The canopy cover 

along the transect is described in terms of the general trend and outliers (see table3).   

 

 

 

 

 

 

 

 

 

 

 

 

 

Generally, all the transects show a large fluctuation in CC at all levels, however some areas have no 

(or very low) percentages of CC at >20m (i.e. TA 250-300m), with some of these spots correlating 

with a higher percentage of CC at <10m (i.e. TSW 100m). These areas were often at or near natural 

clearances with many fallen trees, perhaps the open vegetation structure and more light to the 

understory facilitates the growth of younger trees. 

In contrast, some spots along the outer forest transects showed spots of low percentage CC at <10m 

and 10-20m paired with a higher CC at 20m> (i.e. TSE 250m and TSW 550m). This may indicate a 

less dense vegetation structure with few younger trees and a lack of understory. 

Differences were also detected between the inner and outer transects, the most evident being the CC 

of over 20m which is lower in TSE & TSW than TA and TC.  

The data revealed that average tree height is slightly lower in the outer transects with taller, mature 

trees more sparsely dispersed. These results correlate with visual cues observed whilst walking the 

transects at the edge of the forest (see plates 2e & f) since some areas appeared more open and 

degraded in this area. 

A C

•Fairly stable •Fluctuate a fair amount, between 30 – 10%

•Fluctuate between 40 – 20% •Interspersed with 0% coverage

•Spots of very high coverage •Fairly high fluctuation, between 60 – 30%

•Large fluctuation along transect, between 70 – 20% •Interspersed with very high coverage, 70%

•Lower coverage with smaller fluctuation 30 – 10% •Fairly high coverage with small fluctuation 40 – 20% 

•Interspersed with areas of 0% coverage •Interspersed with lower coverage 0 – 5%

SE SW

•Fairly low, with a high fluctuation, between 30 – 10%

•Interspersed with a high spot at 65% 

•Very high fluctuation, between 70 – 50%

•Interspersed with extreme high and low, spots of coverage at 80% & 10%

•Very low coverage and low fluctuation between 10 – 0% •Very low coverage, generally at 0%

•Interspersed with areas of 20% •Interspersed with a high spot at 20%

10 − 20 •Lower fluctuation, mainly between 50 – 40%

20>

10<

10 − 20

20>

10< •Fairly high fluctuation between 50 – 20%

Table3 – Summary of changes in the percentage Canopy Cover trend along each transect 

3 – RESULTS & ANALYSIS 

+)"



At the point of each individual at each sighting, canopy cover was also estimated along with the 

height of the squirrel on the tree. The data was grouped into categories for facilitated analyses (fig17); 

the percentages of CC seem to show a normal distribution pattern with a slight negative skew. 

Although the CC was estimated as a percentage, the coverage is unlikely to reach either one hundred 

or zero percent CC owing to the vegetation structure of the peat swamp forest which is generally 

dense with natural gaps in the tree canopy. 

Most squirrels are found between 36 and 63 percent CC, a peak in number of sightings at 45 to 54, 

hence the majority were sighted in areas of denser canopy coverage and therefore may reflect squirrel 

preference. The clear drop to in sightings at 63 to 72 percent CC may be influenced by both the 

improbability of these sites having a very high CC (nature of the tree canopy) and the poor visibility 

due to forest density restricting the number of sightings (see limitations). Nevertheless the results may 

also reflect lesser preference for exceptionally low and high canopy cover.  

 

Fig17 – Number of sightings recorded at each percentage Canopy Cover for all transects 
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Fig18 – Number of sightings recorded at each height category for all transects 

3.1.2 Vertical Space Use 

The canopy cover data can be compared with other relevant data, including the vertical space use of 

the squirrels, measured by the estimated height sighted on the tree, and the diameter at breast-height 

(DBH) of trees in plot close to the inner and outer forest edge transects. 

The sighting heights were grouped into categories to facilitate analysis. The general pattern shows 

fewer sightings at lower and more at higher tree heights, with the majority sighted at a height of 

between 14 to 24 metres (see fig18). 

The data could reflect a preference of the squirrels for taller trees, particularly since most of were 

observed foraging and collecting fruit at the leafy upper canopy (appendix7). In turn, this could 

correlate with a higher number of sightings at a higher canopy cover. 
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3.1.3 Diameter at Breast-Height 

The data on DBH, collected from four plots, 0.4, 1A, 1C & pH, were analysed and truncated to show 

fruit trees at >20cm diameter . The graphs compare the plots nearer the inner forest and edge forest 

with the data grouped into categories to facilitate analysis (see fig19a&b). The animal-dispersed trees 

seem to be more numerous in the 0.4 and 1A plots and show a wider spread of data with the majority 

of tree DBH falling between 20 and 32cm. In contrast, the 1C and pH plots have significantly fewer 

animal dispersed trees >20cm DBH.  

In all plots the majority of trees have a DBH of below 34cm which suggests that older trees with wide 

trunks (100cm) are very sparsely distributed throughout the forest. 
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Fig19 a & b – The tree diameter at breast-height for animal-dispersed trees >20cm in plots 0.4, 1A, pH and 1C 

(SOURCE: OuTrop, unpublished data) 

(a) 

(b) 
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Plots 0.4 and 1A have a fairly similar distribution of DBH in each of the classes, yet perhaps 0.4 has 

more trees at lower DBH between 20 and 26cm (see fig19a). While plot 1C seems to show a similar 

data spread to plots 0.4 and 1A but with far fewer trees, the plot pH only has one animal-dispersed 

tree. The latter two plots have comparatively fewer fruit trees and less older and mature trees. 

However the truncation of the data excluded very young trees, with DBH <20cm, which may have 

been more abundant in the outer transects.  

Table 4 shows the density of large trees per ha, with a lower density of larger trees in the pH and 1C 

plots which correlates with the assumptions drawn from the data sets. 

Table4 – The density (number of trees per hectare) of large trees in each of the vegetation plots 

PLOT AREA (ha) NUMBER OF TREES  > 20 dbh DENSITY OF LARGE TREES / ha 

0.4 0.40 115 287.5 

1A 0.40 105 262.5 

1C 0.15 29 193.3 

PH 0.15 16 106.7 
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3.1.4 Squirrel species and behaviour 

At the squirrel sighting, identification was attempted, with many species distinguished for their 

unique features (i.e. the Plantain squirrel has a bright orange belly and a black and white stripe) 

(appendix9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A total 6 species from 4 genera (Callosciurus, Sundasciurus, Nannosiurus and Rhinosciurus) were 

recorded (Table5). The majority of the squirrels sighted across all transects were Callosciurus notatus 

and Sundasciurus tenuis, this pattern was noted both in the inner and outer transects (fig20). However 

the more ‘rare’ species, such as Rhinosciurus laticaudatus and Sundasciurus hippirus were only 

spotted in the dense inner forest. Perhaps this pattern reflects the species which have the ability to 

adapt and take advantage of different habitats with varying levels of fruit availability.  

ORDER / FAMILY LATIN NAME ENGLISH NAME ♯

Callosciurus notatus Plantain squirrel 23

Sundasciurus tenuis Slender squirrel 9

Callosciurus prevostii Prevost's squirrel 2

Nannosciurus melanotis Black-eyed pigmy squirrel 2

Rhinosciurus laticaudatus Shrew-faced ground squirrel 2

Sundasciurus hippurus Horse-tailed squirrel 1

n/a n/a 2

RODENTIA, Sciuridae

Table5 – The Latin name and the total number of the species encountered along the transects  

Fig20 – The total number of each species encountered along the transects  
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The squirrel behaviours were often only fleetingly observed along the line-transects, with the majority 

of the individuals rapidly travelling or foraging through the forest canopy. Rarely, squirrels were 

observed marking territory by calling or fighting (see table6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Additionally, the time of day was noted at every sighting, showing a peaks in the early and late 

morning and a clear drop in the afternoon (fig21). This could be attributed to the increase of 

temperatures at midday which may be less preferable for squirrels. 

Plates3 a, b and c – Photographs of a calling 

plantain squirrel (vocalizations included 

clicking sounds in 2-beat patterns combined 

with up and down tail movements) 
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Table6 – The total number of squirrels sighted for each time-of-day 

category 

BEHAVIOUR ♯ 

TRAVELLING 16 

FORAGING 17 

FIGHTING 2 

EATING 2 

FORAGING/FIGHTING 2 

CALLING/FORAGING 1 

STILL 1 

Fig21 – The total number of squirrels sighted for each time-of-

day category 

(a) 

(b) 

(c) 
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3.2 – STATISTICAL ANALYSES 

 

3.2.1 Central Tendency 

The distribution of the data was studied using the sample mean (x̅̅ ) and the statistical dispersion was 

analysed using standard deviation (s) and variance (s2). The mean of each canopy cover layer, 

summarized in table 7 and figure 22, shows that each transect layer has its lowest values for 20m and 

above and the highest percentage cover between 10 and 20m. 

The difference between the inner and outer forest transects is evident when comparing the 20m 

values, in which transects A and C are significantly higher than SE and SW (i.e. for transect SW the 

canopy cover is ten times lower in <20m than 10-20m canopy level).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The error bars were added from the standard error to test how certain the mean values are, with most 

showing a small bar and therefore a fairly high confidence. However the error bars are slightly higher 

transect A and SW at 10 to 20m which could show a larger spread in the variability of the data. 

The variance and standard deviation (s) in table 7 show the spread of data away from the mean. The s 

varies between 6 and 18 variance for all the canopy layers however the total s for all layers across 

each transect is very similar. This indicates that the data is similarly clustered around the mean.  
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Fig22 – The mean percentage Canopy Cover at less than 10m, between 10 and 20m and above 20m for each transect 
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[10<] [10-20] [20>] 

1 A & C 0.347 0.247 0.879 

2 A & SW 0.196 0.229 0.002 

3 A & SE 0.380 0.039 0.042 

4 C & SW 0.504 0.855 0.011 

5 C & SE 0.968 0.229 0.015 

6 SW & SE 0.550 0.487 0.316 

1 A & C NS NS NS 

2 A & SW NS NS S 

3 A & SE NS S S 

4 C & SW NS NS S 

5 C & SE NS NS S 

6 SW & SE NS NS NS 

[10<]

[10-20]

[20>]

[10<]

[10-20]

[20>]

[10<]

[10-20]

[20>]

[10<]

[10-20]

[20>]

U.L. L.L U.L. L.L U.L. L.L U.L. L.L

[10<] 33.561 25.486 23.430 14.665 34.806 25.384 31.678 31.678

[10-20] 50.913 35.183 49.415 37.823 50.424 41.005 56.910 56.910

[20>] 19.310 10.024 30.655 20.774 7.652 0.773 5.451 5.451

Standard 

Deviation

Standard 

Error

TRANSECT A

29.524

43.048

14.667

89.107

338.141

117.841

9.440

18.389

10.855

2.060

Mean

Variance

2.369

TRANSECT C

19.04761905

43.61904762

25.71428571

104.9977324

193.3786848

133.4421769

10.24684012

13.90606648

11.55171749

2.236043832

11.011435

8.041940806

2.403611004

4.013

121.324263

121.2517007

64.67281193

11.01472937

TRANSECT SECRET EAST

30.0952381

45.71428571

4.212454212

TRANSECT SECRET WEST

226.249

36.789

13.943

Confidence 

Intervals

25.714

50.476

2.857

194.395

2.402892113

1.754895356

15.042

6.065

3.043

3.282

1.324

3.034552488

2.520791418

A C SW SE

A 1 2 3

C 1 4 5

SW 2 4 6

SE 3 5 6

(a) 

(b & c) 

Table8 a, b & c – The ANOVA two-sample t-test (b) and 

the significant, S, and not-significant, NS, difference in 

canopy cover (c) 

The results were tested against a 5% 

significance level and it was deduced that the 

majority of the tests at 20m> canopy are 

significantly different. While tests amongst the 

inner and outer transects (see 1 & 6 – table8b) 

showed no significant difference between 

canopy cover, tests that compare the outer and 

inner transects (see 2, 3, 4 & 5) showed some 

significantly different datasets. 

In particular, transect A and SE (3) show 

significant differences at the medium and higher 

canopy layers."

3.2.2 Analysis of variance (ANOVA) 

ANOVA was used as a statistical model to analyse the differences between 

group means. The ‘two sample t-test’ was used to reveal whether each of 

the transect datasets were significantly different from each other, where: the 

null hypothesis (H0) states there is no significant difference between the 

two canopy cover transects (Sig.>0.05) and the alternative hypothesis (H1) 

states there is a significant difference (Sig.<0.05) (see appendix10-15 for 

SPSS outputs).  

Table7 – The mean, variance, standard deviation, standard error and confidence intervals for percentage 

Canopy Cover for each transect 
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3.2.4 Squirrel Population Analysis 

A total of 41 sightings were made across all transects, 26 sighted in A & C and 15 in SE & SW (see 

table9). The majority of sightings consisted of a single squirrel, although in intermittent cases either 2 

or none were encountered on the transect.  

As an initial estimate using the raw data, 2.05 individuals per km were encountered over the total 20 

km of line-transect surveys, which could perhaps represent a rough index for total density in the area. 

The DISTANCE software provided a more thorough test of squirrel density, using data from distance-

sampling in the field to investigate any differences between the inner and outer transects. 

Frequently, investigations into density of wildlife populations begin by truncating the dataset in order 

to remove extreme outliers which may impact the results and make the data more difficult to model 

(Ruette, Stahl & Albaret, 2003). However after deliberation, the squirrel dataset was not truncated 

since there were no obvious outliers in terms of distances (all widths 19m and under), angles or 

number of squirrels. Furthermore a reduction in the numbers of sightings would have been 

detrimental to the data analysis since the recommended minimum is of 40 sightings (required to 

estimate parameters reliably from distance sampling) was only just achieved (Buckland et al., 2001). 

The Generalized Linear Models (GLM) generated were tested for best fit both visually and using the 

Akaike’s Information Criterion (AIC) to identify the variables that affect the perpendicular sighting 

distances collected in the inner and outer TPSF transects at the squirrel sightings (appendix16&17). 

The Hazard Rate - Cosine model was chosen, generating histograms with detection curves revealing 

the probability that animals were detected (‘not missed’) at different distances from the transect line 

(figs23 a to d).  

The output of the DISTANCE software resulted in various detection probability graphs displaying the 

results but with larger and smaller distance intervals to reveal more detail for facilitated interpretation. 

The inner transects show a high probability of detection close to the transect which drops fairly 

consistently as you move away from the transect, with about 85% detection from 0 to 5.5m and 20% 

detection at 19m (see fig23b). The outer transects generally show more fluctuation in results and a 

less regular histogram shape with a very high detection close to the transect, around 60% detection 

from 3 to 5m, 90% detection from 8 to 12m and then 50% detection at 15m. 
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According to Buckland et al (2001:3-5) a proportion of objects within distance w of the line go 

undetected which is the reason why the software measures the ‘effective strip half-width’ µ. This is 

lower in the outer forest transects than the inner transects, correlating with the detection probabilities. 

The number of sightings, n, for the inner and outer transects was fairly low (owing to time restrictions 

etc. – see limitations) however the DISTANCE analysis was nevertheless performed (see table9).  

The chi square probability value for both the inner and outer transects is higher than 0.05, which 

indicates a reasonable fit of data to the model (see appendix18). The coefficient of variation was 

calculated to compare the level of variation relative to the mean, with both data sets showing low 

variation but A & C showing a better overall model fit. 

The encounter rate provided an impression of the number of squirrels per kilometer, with a clear 

difference in values – the researcher was 60% more likely to encounter a squirrel on the inner 

transects (2.6/km) than the outer transects (1.7/km). Moreover the density, based on the hazard cosine 

model, is 0.84 squirrels/ha (8.4/km2) for the inner transects and 0.74 squirrels/ha (7.4/km2) for the 

outer transects, hence notably lower for the more disturbed habitat. 

Effort 
Number of 

Sightings  
Effective Strip Width  Encounter Rate  

Density 

Coefficient of 

Variation  
Chi-square  

 (L, Km) (n) (µ, m) (n/L, Squirrels/km) (CV, %) (Pb) 

A & C 10 26 15.511 2.60 0.84 14.47 0.84 

SE & SW 10 17 11.529 1.70 0.74 22.69 0.24 

Table9 – A summary of the DISTANCE outputs, including: effort, number of sightings, encounter 

rate, density. Coefficient of variation and chi-square 
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3.2.3 Other Density Studies 

 

Meijaard et al. (2005) examines the studies on different squirrel species in Borneo, from which a 

comparison of population densities was created (table10).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The studies used the DISTANCE software to investigate densities of individual species, revealing a 

variation in the densities of the different squirrel species in different regions of Borneo. In 

comparison with the density estimates for the NLPSF (8.4 and 7.4/km2), some squirrels were 

observed at a higher density such as Sundasciurus lowii (13) and some much lower Sundasciurus 

hippurus (3.93). With the most abundant species in the NLPSF the Callosciurus notatus, the density 

estimates are comparatively lower in the Malaysian reserve but very similar in the Indonesian 

national park (Yeager, 1999). 

These studies reveal population numbers may be significantly different for each species in a described 

area. Perhaps climatic, anthropogenic and other more nuanced impacts either negatively or positively 

affect different species (i.e. some species taking advantage of more open areas).   

The comparative review by Meijaard et al. (2005) also reveals the limited number of squirrel density 

studies in Borneo, with many suffering from a lack of data to make accurate estimates. 

Table10 – A comparison between individual squirrel species density within various locations on 

Borneo (SOURCE: Meijaard et al., 2005) 

LATIN NAME REFERENCE DENSITY (individulals/km2) LOCATION

Saiful & Nordin, 2004 5.35 Ule Mudah Forest reserve, Malaysia

Yeager, 1999 8.1 Kayan Mentarang National Park, Indonesia

2 Prevost's Squirrel Callosciurus prevostii Saiful & Nordin, 2004 3.29 Ule Mudah Forest reserve, Malaysia

3  Three-striped Ground Squirrel Lariscus insignis Harrison, 1969 6.0 - 19.0 n/a, Borneo

4 Four-striped Ground Squirrel Lariscus hosei

5 Red Giant Flying Squirrel Petaurista petaurista

MacKinnon et al., 1996 11 n/a, Borneo

Saiful & Nordin, 2004 1.3 Ule Mudah Forest reserve, Malaysia

7 Horse-tailed Squirrel Sundasciurus hippurus Saiful & Nordin, 2004 3.93 Ule Mudah Forest reserve, Malaysia

8 Low's Squirrel Sundasciurus lowii Saiful & Nordin, 2004 13 Ule Mudah Forest reserve, Malaysia

9 Slender Squirrel Sundasciurus tenuis

10 Shrew-faced Ground Squirrel Rhinosciurus laticaudatus

no available information

no available information

Plantain Squirrel Callosciurus notatus1

Ratufa affinisPale Giant Squirrel6

no available information

limited available information
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4.1 – Canopy cover 

 

In order to test the first hypothesis, canopy cover changes along the transect (fig16) were examined 

for differences in the vegetation structure of the inner and outer forest areas. The technique provided 

an efficient way of comparing the three different canopy heights. The key difference between sites 

was the reduced upper canopy cover at the forest edge. This revealed that the forest structure along 

the secret east and west transects contained proportionally fewer taller, more mature trees, which 

correlated with visual observations (see plates 2e &f) as well as the statistical analyses. The results of 

central tendency tests confirmed a difference between the mean canopy cover of the inner and outer 

transect, and the ANOVA tests showed statistically different results in the upper canopy layer when 

comparing all inner and outer transects.  

The results also analysed the vertical space use, which revealed a squirrel preference for taller and 

more mature trees, as well as the majority of observed behaviour consisting of foraging in the canopy 

(fig18). Moreover, the data reflected a generally high canopy cover at each squirrel sighting (fig17) 

and therefore could reflect a squirrel preference for a more dense vegetation structure. The 

importance of the canopy to small mammals may be attributed to the higher presence of foliage and 

fruits, often labelled as most productive rain forest layer (Wells et al., 2004). For instance, Dodd et al. 

(2006) draw attention to the importance of interlocking canopy and overstory ‘clumpiness’ for the 

density and recruitment of tassel-eared squirrel (Sciurus aberti) at the patch scale.   

A high fluctuation of canopy cover across all transects at the medium and lower canopy heights 

(figs16) may reflect a normal variance in canopy structure as well as tree-fall clearances and other 

disturbances in the NLPSF. The graphs also show that certain areas with reduced percentage upper 

canopy had a higher percentage lower canopy and visa-versa. For instance at 100m on secret west, a 

peak of lower canopy and a lack of upper canopy may reflect a previously disturbed area, resulting in 

more ‘open’ conditions. Hence it could be a disruption in the natural successional processes that 

prevents a climax community of mature trees to be reached, instead facilitating growth and 

competition of younger and smaller trees.  

Canopy gap formations, such as a reduced upper canopy in the NLPSF, may be attributed to random 

natural disturbances as well as various anthropogenic disturbances (Felton et al., 2006). The peat-

swamp forests experience mainly small-scale internal or endogenous disturbances, with the 

‘uprooting’ and weakening of trees attributable to anything from death, insect/fungus/disease, fire or 

stormy weather (rain and wind) (Schaetzl, 1989) to human-influenced disturbances such as erosion, 

peat-drainage, selective logging and fire (Felton et al., 2006).  
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Natural disturbances are frequent in the wet tropics (Webb, 1958), a regime that is often argued to be 

central for the maintenance of tree diversity with gaps changing micro-climatic conditions (light, 

temperature and moisture levels) allowing pioneers to reach the canopy. However the disturbances 

which impact tree canopy structure and connectivity in forests can have a significant impact on the 

recruitment of small mammal populations. Many squirrel species favour a high canopy stratification 

and few gaps (Carey et al., 1999), with canopy continuity being a key factor for ease of movement 

through the arboreal pathway as well as nesting. Squirrel nest density has been found to be higher 

near clumps of trees with interlinking crowns and lower near disturbances such as human forest-use 

and road construction in riverine forests in central India (Datta & Goyal, 1996).  

Nevertheless, habitat use strongly depends on the squirrel species, since some species prefer a more 

open canopy structure and move through the lower canopy heights. For instance, a study argued that 

larger squirrel species generally used higher strata of lianas and branches (Ratufa bicolour and 

Callosciurus erythraeus) whilst the smaller species foraged more at lower levels using the main trunk 

or ground (Callosciurus pygerythrus and Tamiops macclellandi) (Datta & Goyal, 2008). 

 

4.2 – Mature animal-dispersed trees 

 

The second hypothesis tested the diameter at breast-height to analyse vegetation structure and the 

number of mature animal-dispersed trees in plots close to the inner and outer transects. Some argue 

that the composition of tree species is more influential than canopy structure on the density and 

demography of a small mammals (Adler, 2000). The overall pattern showed a higher number of trees 

in the inner forest plots with more trees at a higher DBH. Hence a higher number of tall and mature 

feeding trees are available to provide a higher amount of forage, attracting more squirrels to the area. 

With this information, in the outer forest plots disturbances may have caused “a few large trees [to be] 

replaced with more small trees” often increasing the species diversity in the patch (Denslow et al., 

1995:962). Such a loss of large trees may have a significant impact on small mammal density. These 

old and large trees have been described as ‘keystone’ structures since they play crucial roles for both 

arboreal and terrestrial mammals in forest ecosystems (Lindenmayer et al., 2012). Mature trees can 

provide distinctive ecological features which younger and smaller trees cannot, including (and not 

limited to): large internal cavities, complex branching patterns, idiosyncratic canopy architecture and 

abundant fruits, flowers, foliage, and nectar (ibid:1305). The higher density of mature trees may result 

in more fruit since the fecundity of a tree has been shown to be related to its size. These attributes are 

essential for cavity-using invertebrates like squirrels.  

It has also been argued that the late stages of forest development provide a habitat structure that 

attracts squirrels due to the increased variety in fruit production (Carey et al., 1999:64).  
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DBH has not only been used as an indicator of tree size but also to reflect the tree’s ability to produce 

fruit. Datta & Goyal (1996) compared large fruiting trees in relatively disturbed and undisturbed sites 

and the impact on the Indian Giant Squirrel, Ratufa indica. The species had a preference for larger 

food and nest trees (≥12 metres), and a dependence on canopy continuity. Nevertheless the study 

acknowledges that the species may be able to adapt to disturbed forests (ibid:394). 

Lastly, as well as the forest structure influencing squirrel density, squirrel density may also influence 

the NLPSF. It has been argued that small neotropical mammal species foraging within the crowns of 

mature trees may be key in the their maintenance (through pollination and seed dispersal) hence 

forest structure may be vulnerable species’ preferences and range etc. (Nason & Hamrick, 1997). 

 

4.3 – Squirrel density and Species richness 

 

The use of line transect technique allowed a detailed population analysis using the DISTANCE 

software which generated detection probability histogram plots. These showed generally high 

numbers of detections between 0 and 10m after which detection rapidly decreased, with the furthest 

sighting at 19m. This pattern corresponds with Burnham et al.’s detection function (fig14). The drop 

in sightings in the outer transects between 3 and 7m could reflect an anomaly or may be an 

discrepancy due to the small sample size (limited number of sightings at the forest edge). Equally the 

small sample size may have had an impact on the Effective Strip Width (ESW), with some studies 

pooling all results in order to avoid unrealistic estimates. The data shows a lower ESW for the outer 

than inner transects reveals that more squirrels seen at far distances in the inner transects. Although 

this may have been caused by the lower density of squirrels in this area, the result is contrary to the 

other data collected on the outer transects which indicate a more open and bright forest structure with 

increased visibility.  

The encounter rate is approximately 30% higher in the inner than the outer transects and moreover 

the density is higher in A and C than SE and SW. These data all point to a higher density and species 

richness of squirrels in the inner forest. Although there were very few density studies to compare 

with, the research by Saiful and Nordin (2004) obtained very similar densities for C. notatus.  

The species richness analyses revealed that the highest number of squirrels encountered were of C. 

notatus, followed by S. tenuis, and the lowest number of S. hippurus. This suggests that certain 

species are more abundant in the outer forest regions and are hence able to populate more disturbed 

areas. Species such as C. notatus have been described as ‘generalist’ or ‘opportunist’ and are able to 

adapt to different niches and use the characteristics to their advantage (Charles & Ang, 2010). For 

instance a recently disturbed habitat may experience an absence of large-bodied predators, which in 

turn can open up niches for insect-fruit-vegetable feeders like C. notatus (ibid:556). 
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This can be contrasted with species that are more sensitive to changes in habitat structure and impacts 

of disturbance, such as S. hippurus and R. laticaudatus, two species often described as rare (ibid:549).  

As described earlier fruit-abundance may be a key determinant of species richness and can reveal the 

sensitivity of certain species of squirrels to disturbances. For instance, studies discuss the ecological 

stratification of squirrels in terms of density after logging, where species with more selective feeding 

and behavioural habits (i.e. insectivorous and terrestrial) are less dense (Meijaard & Sheil, 2008). 

This could correlate with the few sightings of R. laticaudatus and S. hippirus in the outer transects. 

The study also remarks that S. lowii is negatively impacted by logging with a decline in numbers 

observed after logging as well as higher numbers in primary compared to secondary forest (ibid:23). 

This species-specific response of squirrels to logging is also noted in other studies, where although 

some generalists are described as ‘thriving’ in disturbed areas, it is emphasized that many other 

species experience reduced numbers or total absence altogether. This is linked to factors such as the 

reduced canopy cover, tree density and basal area in logged forest and the low tree species diversity 

and structural complexity (Datta & Goyal, 2008:901). 

One extreme example of a squirrel species thriving in disturbed environments is the Indian Giant 

Squirrel Petaurista philippensis in Western Ghats, where encounter rates were found to be highest at 

the forest edge (Nandini & Parthasarathy, 2008). The explanation given for this was that the species 

was able to opportunistically exploit food resources and that the exposure of the edge to light 

increased productivity and higher food availability (ibid:1555).  
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5.1 – AUTOCRITIQUE –  limitations and improvements 

 

The following limitations, in no particular order, were encountered during the study: 

•  Rain & Wind – although recording was stopped when rain was torrential, it was impossible to stop 

during short and light rain bouts, however it may have an impact on squirrel activity either during 

or after the rain bout. Equally rain during the night may cause increased activity the morning after 

due to need for foraging and the decreased temperatures 

•  Time of day – the start times were determined by the logistical restrictions involved for the 

assistant to reach camp. Perhaps for instance two different starts in the early morning and early 

afternoon may have increased sightings, following the squirrel peak activity. 

•  Length of transect – the lengths of the transects were limited by the physically difficult conditions 

of working in the forest (often hot, waterlogged and with many fallen trees etc.) 

•  Vigilance / Experience / Tiredness – with light-levels increasing as the transects were walked, it 

may have been easier to spot squirrels, however energy-levels decreased as the researchers walked 

along the transect and hence it is possible that less were spotted near the ends of the transects. 

Equally, the researcher had no previous experience and the assistant had many years of experience 

at the NLPSF but had little specific experience in spotting squirrels, hence signs of squirrels may 

have been missed – and may have improved with time at the NLPSF (i.e. calls).   

•  Denseness of forest – the density of the vegetation may have also impacted visibility and hence the 

number of sightings, hence perhaps more squirrel sightings in/near natural clearances.  

•  Time of year – the time of year may have an impact on the number of fruit trees or the vegetation 

structure present and therefore attract more or less squirrels to certain areas 

•  Noise disturbance – the disturbance caused by walking along transects in a peat swamp forest may 

impact the number of squirrels seen 
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The limitations encountered reveal that further research may improve this study through for instance 

lengthening transects and doing more repeat surveys. This will enable a larger area to be surveyed and 

perhaps lead to a higher number of sightings – 60–80 observations allows better precision when using 

the DISTANCE software (Buckland et al., 2001).  

Also, due to the difference in wet and dry season, comparison surveys could be made at different 

times of year to test for differences in squirrel abundance and the impact of weather/flooding.  

Equally the level of disturbance could be investigated and a comparison performed for squirrel 

abundance between different sites (i.e. include squirrel abundance at Mega Rice, highly deforested). 

Different types of disturbance could also be investigated, for instance the difference in squirrel 

abundance between site affected by erosion, fire and agriculture. 

In the future, knowledge on species-specific densities should be increased since some species may be 

negatively impacted by disturbances while others may be taking advantage of habitat changes. Also 

surveys should compare fruiting tree abundance and diversity to squirrel density and richness which 

may be a key determinant. Lastly studies on large and mature tree density in comparison with squirrel 

density and richness should be increased, with older trees attract the more threatened and ‘rare’ 

squirrel species. 
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5.2  – SUMMARY 

 

The research project has highlighted that squirrels perform important ecosystem services, including 

seed planting and dispersal, pollination, influencing plant form and function and fungal spore 

dispersal. Many studies now recognise the benefits of surveying the rapid responses of small animals 

to disturbances and the use of squirrel species as ‘indicators’ for forest structure and health. 

Despite the limitations to study, the data analysis confirmed the hypothesized differences in habitat 

structure and squirrel density between the more pristine inner forest and the more disturbed outer 

forest. The increased squirrel density and richness showed a positive correlation with other factors, in 

particular high canopy cover and increased density of fruit trees and diameter at breast-height. From 

this it may be deduced that squirrel preferences were for more dense and connected canopy and large 

fruiting trees, ideas which were supported by various literature studies. 

However other research also highlighted the importance of studying species-specific density since 

certain species are more disturbance-proof due to their generalist diet. Some results even revealed that 

species such as C. notatus can increase in disturbed edge habitats since they are able to benefit from 

less competition in the niche habitat and perhaps lesser predation. 

The research project has contributed to furthering the knowledge of Sciuridae in Borneo as well as 

starting an investigation into the negative impacts of disturbances on squirrel populations. This is 

particularly important in the knowledge that anthropogenic threats to peat-swamp forests worldwide 

are rapidly increasing, encroaching on their habitats. In Borneo the threats of oil palm plantations 

cannot be underestimated in terms of the knock-on impacts to the ecological ecosystem. Even though 

the disturbances may be deemed minimal, this study shows that impacts may be distinct and 

particularly recognizable when studying the rapid responses of small mammals. It is therefore 

crucially important to continue research into this area of conservation and I hope that investigations 

will continue by OuTrop at the NLPSF. 
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TOTAL RAINFALL

MIN (°C) MAX (°C) MEAN LEVEL (mm)

1 23 30 26.5 0

2 23 29 26.0 15.5

3 24 30 27.0 0

4 24 30 27.0 0

5 23 30 26.5 0

6 23 31 27.0 0.5

7 24 30 27.0 1.3

8 24 30 27.0 0

9 23 31 27.0 0

10 24 30 27.0 36.5

11 24 25 24.5 7

12 24 26 25.0 0

13 23 30 26.5 0

14 22 30 26.0 0

15 22 26 24.0 16.5

16 22 28 25.0 0.5

17 23 30 26.5 0

18 22 29 25.5 0

19 23 28 25.5 11.9

20 22 30 26.0 1.9

21 22 29 25.5 0.1

22 23 30 26.5 0

23 22 30 26.0 0

24 22 29 25.5 0

25 23 30 26.5 0

26 23 30 26.5 0

27 22 29 25.5 15

28 22 26 24.0 0

29 23 28 25.5 35.8

30 22 29 25.5 1.4

1 22 30 26.0 0

2 23 29 26.0 0

3 23 30 26.5 0

4 22 26 24.0 0

5 22 28 25.0 0

6 23 29 26.0 0

7 23 29 26.0 0

8 22 29 25.5 3.2

9 22.5 28 25.3 0.8

10 22 28 25.0 0

11 22 29 25.5 0

12 22 30 26.0 5

13 22 29 25.5 1.5

14 22 29 25.5 0

15 23 30 26.5 0

TEMPERATURE

JUNE

JULY

APPENDIX 2 

 

Temperature and Rainfall 
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GPS COORDINATES 

♯ Transect Elevation Southings Eastings 

[001] C (1) 58 02°19'00.3" 113°54'02.5" 

[002] C (2) 71 02°19'18.0" 113°58'49.8" 

[003] C (3) 83 02°19'11.0" 113°58'54.3" 

[004] C (4) 82 02°19'46.9" 113°58'31.3" 

[005] SW (-)78 02°18'53.7" 113°54'19.4" 

[006] SW 62 02°18'49.1" 113°54'06.0" 

[007] A 43 02°19'07.8" 113°54'12.6" 

[008] A 45 02°19'11.4" 113°54'09.7" 

[009] A 73 02°19'00.3" 113°54'17.7" 

[010] A 79 02°19'12.7" 113°54'08.3" 

[011] A 68 02°19'15.9" 113°54'08.0" 

[012] A 77 02°19'18.6" 113°54'06.2" 

[013] A 79 02°19'01.4" 113°54'16.5" 

[014] A 81 02°19'08.3" 113°54'12.0" 

[015] A 67 02°19'12.8" 113°54'09.3" 

[016] A 65 02°19'18.9" 113°54'06.0" 

[017] SW 62 02°19'46.3" 113°53'57.7" 

[018] SE 63 02°19'02.3" 113°54'35.7" 

[019] SW 64 02°13'51.9" 113°54'12.0" 

[020] SW 86 02°13'50.1" 113°54'10.2" 

[021] SW 82 02°13'46.8" 113°54'00.6" 

[022] SE 43 02°19'01.6" 113°54'34.1" 

[023] SE 43 02°19'00.6" 113°54'32.0" 

[024] A 60 02°19'09.0" 113°54'11.6" 

[025] A 69 02°19'22.0" 113°54'02.6" 

[026] SE 70 02°19'12.1" 113°54'47.2" 

[027] C 69 02°19'00.3" 113°54'01.1" 

[028] C 74 02°19'02.7" 113°54'00.6" 

[029] C 68 02°19'14.6" 113°58'51.8" 

[030] SE 44 02°19'12.2" 113°54'48.1" 

[031] SE 44 02°19'13.0" 113°54'49.7" 

[032] SE 49 02°19'13.0" 113°54'50.2" 

[033] A 67 02°19'04.6" 113°54'14.9" 

[034] A 72 02°19'10.9" 113°54'10.8" 
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REFERENCE TOPIC QUOTE PAGE

SCIENTIFIC DATABASE

SEARCH

NUMBER OF RESULTS
den Tex, R. J., Thorington, R., Maldonado, J. E., & Leonard, J. A. (2010). Speciation dynamics in the SE Asian 

tropics: Putting a time perspective on the phylogeny and biogeography of Sundaland tree squirrels, 

Sundasciurus . Molecular Phylogenetics and Evolution, 55(2), 711-720.

molecular dating / speciation

"Cytochrome b sequences from the squirrel genus 

Callosciurus were selected as the most appropriate 

outgroup…"

713

Dieterlen, F. (1989). Rodents. Ecosystems of the world, 14, 383-400. rodentia general background
"Three rodent sub-orders and four families inhabit the rain 

forest: Sciuromorpha with Sciuridae (squirrels)"
383

Cranbrook, E., & Furtado, J. I. (1988). Key Environments Malaysia. distribution & ecology mammals Malaysia "native wild species...Rodents 54/14" 146

Wilson, W. L., & Johns, A. D. (1982). Diversity and abundance of selected animal species in undisturbed forest, 

selectively logged forest and plantations in East Kalimantan, Indonesia. Biological Conservation, 24(3), 205-

218.

diversity in logged / unlogged forest

"gradual shift in species composition and dominance among 

flying squirrels (Petauristinae) from primary forest through 

partially logged to secondary forest"

216

SCIENTIFIC DATABASE

SEARCH

NUMBER OF RESULTS
Beaudrot, L., Struebig, M. J., Meijaard, E., van Balen, S., Husson, S., & Marshall, A. J. (2013). Co-occurrence 

patterns of Bornean vertebrates suggest competitive exclusion is strongest among distantly related 

species. Oecologia,173(3), 1053-1062.

competitive exclusion / diet / range
"relative intensity of potential competition within and 

between species of primates, birds, bats and squirrels."
1055

Beaudrot, L., Struebig, M. J., Meijaard, E., Van Balen, S., Husson, S., Young, C. F., & Marshall, A. J. (2013). 

Interspecific interactions between primates, birds, bats, and squirrels may affect community composition on 

Borneo. American journal of primatology, 75(2), 170-185.

diet / canopy use / body size
"species presence–absence data on bats, birds, primates, and 

squirrels"
172

den Tex, R. J., Thorington, R., Maldonado, J. E., & Leonard, J. A. (2010). Speciation dynamics in the SE Asian 

tropics: Putting a time perspective on the phylogeny and biogeography of Sundaland tree squirrels, 

Sundasciurus . Molecular Phylogenetics and Evolution, 55(2), 711-720.

molecular dating / speciation

"Cytochrome b sequences from the squirrel genus 

Callosciurus were selected as the most appropriate 

outgroup…"

713

Musser, G. G., Durden, L. A., Holden, M. E., & Light, J. E. (2010). Systematic review of endemic Sulawesi 

squirrels (Rodentia, Sciuridae), with descriptions of new species of associated sucking lice (Insecta, Anoplura), 

and phylogenetic and zoogeographic assessments of sciurid lice. Bulletin of the American Museum of Natural 

History, 339(1), 1-260.

morphometric data / scurid lice

"Analyses of fur color patterns, morphometric data derived 

from external, cranial, and dental dimensions…… revision 

of Sulawesi’s endemic squirrel fauna"

4

Wells, K., Lakim, M. B., & Pfeiffer, M. (2006). Nest sites of rodents and treeshrews in Borneo. Ecotropica, 12, 

141-149.
nest sites / rodents & tree shrews

"The scansorial squirrel  Sundasciurus lowii  nested both in 

tree cavities and in nests made of plant fiber"
141

Dial, R. (2003). Energetic savings and the body size distributions of gliding mammals. Evolutionary ecology 

research, 5(8), 1151-1162.
body size / gliders

"allometric relationships to determine an upper limit for 

body mass in mammalian gliders (flying squirrels, 

marsupial gliders, colugos and anomalurids)."

1151
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APPENDIX 4     Literature search 
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[10<] [10-20] [20>] [10<] [10-20] [20>]

0 11 6 1 0 3 7 6

50 4 9 1 50 6 6 7

100 6 9 4 100 6 7 11

150 14 16 8 150 1 13 8

200 7 13 3 200 4 12 4

250 5 15 0 250 8 7 8

300 9 14 0 300 8 10 7

350 7 3 2 350 7 11 5

400 7 11 7 400 4 19 1

450 10 17 6 450 0 13 3

500 5 11 5 500 4 11 10

550 7 6 5 550 7 10 6

600 7 9 3 600 6 17 6

650 9 11 0 650 6 8 11

700 6 10 4 700 0 16 10

750 7 8 4 750 3 11 7

800 10 11 2 800 2 14 8

850 6 20 0 850 8 8 7

900 5 18 8 900 6 10 1

950 8 6 7 950 3 7 2

1000 5 3 7 1000 8 12 7

MEAN 7.4 10.8 3.7 MEAN 4.8 10.9 6.4

DISTANCE ♯ of squares

[10<] [10-20] [20>] [10<] [10-20] [20>]

0 8 11 6 0 9 13 0

50 6 9 0 50 6 14 0

100 5 12 0 100 17 6 0

150 3 18 0 150 8 15 0

200 12 12 0 200 9 13 0

250 6 5 7 250 4 14 0

300 11 13 0 300 5 14 0

350 6 12 0 350 11 17 2

400 7 12 0 400 3 20 0

450 6 10 2 450 7 12 0

500 7 9 0 500 3 11 4

550 6 15 0 550 3 2 6

600 10 9 1 600 7 12 1

650 14 10 0 650 1 17 1

700 4 10 5 700 4 14 0

750 5 12 0 750 10 11 0

800 11 10 1 800 5 8 0

850 7 16 0 850 6 12 0

900 6 13 0 900 7 13 0

950 10 9 0 950 7 15 1

1000 8 13 1 1000 3 12 0

MEAN 7.5 11.4 1.1 MEAN 6.4 12.6 0.7

Transect C

DISTANCE
♯ of squares

Transect Secret West

DISTANCE
♯ of squares

Transect A

Transect Secret East

DISTANCE
♯ of squares
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Canopy Cover along transect 
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Number of squares 

blocked by canopy
% coverage Number of Sightings

1 − 3 0≥ − <9 0

4 − 6 0≥ − <18 0

7 − 9 18≥ − <27 2

10 − 12 27≥ − <36 4

13 − 15 36≥ − <45 10

16 − 18 45≥ − <54 14

19 − 21 54≥ − <63 9

22 − 24 63≥ − <72 2

25 − 27 72> 0

28 − 30 81≥ − <90 0

31 − 33 90> 0

APPENDIX 6 & 7 

 

Canopy Cover at squirrel sighting 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Height of squirrel at sighting Height (m) Number of Sightings

0≥ − <2 1

2≥ − <4 2

4≥ − <6 1

6≥ − <8 3

8≥ − <10 2

10≥ − <12 1

12≥ − <14 2

14≥ − <16 5

16≥ − <18 6

18≥ − <20 6

20≥ − <22 4

22≥ − <24 5

24≥ − <26 2

26≥ − <28 1
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Diameter at Breast-Height in plot and sub-plots 
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0.4 1A 1C PH 0.4 1A

20.0≥ − <22.0 7 3 4 1 5 3

22.0≥ − <24.0 4 5 2 0 7 7

24.0≥ − <26.0 1 1 0 0 7 3

26.0≥ − <28.0 3 4 2 0 2 2

28.0≥ − <30.0 4 3 2 0 5 3

30.0≥ − <32.0 1 3 0 0 6 4

32.0≥ − <34.0 2 0 1 0 1 3

34.0≥ − <36.0 1 1 0 0 1 3

36.0≥ − <38.0 1 1 0 0 0 0

38.0≥ − <40.0 1 0 0 0 1 1

40.0≥ − <42.0 1 0 0 0 1 0

42.0≥ − <44.0 0 1 0 0 0 0

44.0≥ − <46.0 0 0 0 0 1 2

46.0≥ − <48.0 0 0 0 0 1 1

SUB-PLOT (0) PLOT (1)Diameter at Breast-Height 

(cm)
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LATIN NAME ENGLISH NAME 

1 Aeromys tephromelas  Black flying squirrel 

2 Aeromys thomasi  Thomas's flying squirrel 

3 Callosciurus adamsi  Ear-spot squirrel 

4 Callosciurus baluensis  Kinabalu squirrel 

5 Callosciurus notatus  Plantain squirrel 

6 Callosciurus orestes  Bornean black-banded squirrel 

7 Callosciurus prevostii  Prevost's squirrel 

8 Dremomys everetti  Bornean mountain ground squirrel 

9 Exilisciurus exilis  Plain pigmy squirrel 

10 Exilisciurus whiteheadi  Whitehead's pigmy squirrel 

11 Glyphotes simus  Red-bellied sculptor squirrel 

12 Hylopetes lepidus  Grey-cheeked flying squirrel 

13 Hylopetes spadiceus  Red-cheeked flying squirrel 

14 Iomys horsfieldii  Horsfield's flying squirrel 

15 Lariscus hosei  Four-striped ground squirrel 

16 Lariscus insignis  Three-striped ground squirrel 

17 Nannosciurus melanotis  Black-eared pigmy squirrel 

18 Petaurillus emiliae  Lesser pigmy flying squirrel 

19 Petaurillus hosei  Hose's pigmy flying squirrel 

20 Petaurista elegans  Spotted giant flying squirrel 

21 Petaurista petaurista  Red giant flying squirrel 

22 Petinomys genibarbis  Whiskered flying squirrel 

23 Petinomys hageni  Hagen's flying squirrel 

24 Petinomys setosus  Temminck's flying squirrel 

25 Petinomys vordermanni  Vordermann's flying squirrel 

26 Pteromyscus pulverulentus  Smoky flying squirrel 

27 Ratufa affinis  Giant squirrel 

28 Rheithrosciurus macrotis  Tufted ground squirrel 

29 Rhinosciurus laticaudatus  Shrew-faced ground squirrel 

30 Sundasciurus brookei  Brooke's squirrel 

31 Sundasciurus hippurus  Horse-tailed squirrel 

32 Sundasciurus jentinki  Jentink's squirrel 

33 Sundasciurus lowii  Low's squirrel 

34 Sundasciurus tenuis  Slender squirrel 
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Species Identification table 

(Darker/shaded the one seen in camp NLPSF) 
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10m< 

10 – 20m 

20m> 
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SPSS – ANOVA analyses (A/C) 

$!"



7 – APPENDICES 

10m< 

10 – 20m 

20m> 

APPENDIX 11 

 

SPSS – ANOVA analyses (A/SE) 
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SPSS – ANOVA analyses (A/SW) 
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SPSS – ANOVA analyses (C/SE) 
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SPSS – ANOVA analyses (C/SW) 

$&"



7 – APPENDICES 

10m< 

10 – 20m 

20m> 

APPENDIX 15 

 

SPSS – ANOVA analyses (SW/SE) 
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DISTANCE – inner transects output 
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DISTANCE – outer transects output 
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DISTANCE – Chi square and ESW 
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