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Abstract

This study focused on a female Bornean slow loris in the Lower Kinabatangan Wildlife
Sanctuary. This study looked into the effects of maternity, lunar activity and rainfall on the
movement patterns of the slow loris. Home range and the effect of tree species on sleeping
site selection were also assessed. A home range estimate of 4.88 hectares for the Bornean
slow loris was established using the grid cell method. 1t was found that the presence of an
infant significantly shortened the distances between sleeping sites and significantly increased
sleeping site tree re-use. Lunar activity did not significantly affect any of the movement
pattern indicators and a tentative conclusion that Bornean slow lorises are lunar-neutral was
reached, with the likelihood of habitat and temperature having an effect when analysing in
the context of other literature. Distance between sleeping site was positively correlated with

amount of rainfall and tree species had a significant effect on sleeping site selection.
Introduction

Knowledge of animal habitat usage is essential to conservation biologists working towards
protecting our wildlife. Spatial usage of an animal’s home range can be determined by many
interacting factors. How an animal finds food, whether the animal is solitary or social, the
distribution of sexual partners and whether the animal displays maternal/paternal care, are all
factors that would affect home range size and use. Within the order of Primates, factors such
as home range, sociality, diet, and many other behaviours differ from species to species.
Many species of primates, such as chimps and baboons, exhibit complex levels of sociality
(Kamil 2004; Kutsukake 2009). Others, such as the Giant mouse lemur, prefer more solitary
lifestyles (Kappeler 1997). One aspect of sociality is infant care, with different species
displaying different methods of raising their young. Tamarins and Marmosets both display
extensive extra-maternal caregiving where females will look after young that are not their
own (Garber and Leigh 1997). In Night monkeys and Titi monkeys, high levels of paternal
care are shown. The fathers carry their offspring on their back for the first four months of
their lives and share food with them (Wright 1990). These differences in sociality and infant
care can be seen throughout the various primate species. Often the more solitary species tend
to be the nocturnal ones, while the gregarious species tend to be diurnal (reference). The
nocturnal primates are less well known than their diurnal counterparts and include such

animals as the owl monkeys of Central and South America (Thorington Jr and Vorek 1976),



the galagos of Africa (Kingdon 1997) and the tarsiers and lorises of Asia (Nekaris and
Bearder 2007).

The slow loris, genus Nycticebus, is a venomous nocturnal primate. The slow loris is one of
the lesser studied primates due to its illusive nature. Silent and stealthy, these arboreal
animals are unique as the only venomous primates in existence (Nekaris et al. 2013). Within
the genus Nycticebus there are five species which are found across South East Asia (Nekaris
and Bearder 2007). Recent classification into the five Nycticebus species has highlighted the
low population size of each giving them an IUCN classification of Vulnerable or, in the case
of the Javan slow loris (Nycticebus javanicus), Critically Endangered, with all five species
showing decreasing population sizes (Nekaris and Nijman 2007). The decreasing population
size is due to two main factors. Firstly habitat loss due to deforestation, either from logging or
for plantations such as oil palm or rubber (McMorrow and Talib 2001). Secondly due to the
vast numbers of slow lorises removed from the wild to be sold in the pet trade, they are the
most common protected primate found in Asian animal markets (Nekaris and Jaffe 2007). To
help protect these unique animals, research into their behaviour, habitats and life style needs
to be undertaken. This will enable conservation biologists to better understand what needs to
be done to monitor and protect wild slow lorises and how best to re-introduce captive lorises

into the wild.

This study focuses on the Bornean slow loris, Nycticebus menagensis. This species is found
on the island of Borneo and a few small islands in the Philippians (Munds et al. 2013). The

study was carried out in the Malaysian state of Sabah on the island of Borneo and looks into
the movement patterns of the slow loris in relation to home range, maternity and lunar

activity, as well as assesses the effects of rainfall and tree species on sleeping site selection.

Home range size is an easy way to compare animals. Intraspecific and interspecific
comparisons can be undertaken to look at differences and similarities between individuals
and between species. Within the genus Nycticebus there seems to be a wide variation of home
range sizes, even within one species. Studies have suggested a range of factors that affect
home range size within Nycticebus including habitat type, sex and age of the lorises (Wiens
and Zitzmann 2003a; Wiens and Zitzmann 2003b; Nekaris and Bearder 2007). No study into
the home range size of the Bornean slow loris has previously been undertaken. The large
variations in home range size of the other loris species indicates that habitat type, sex and age

of the loris may well effect the home range size of the Bornean slow loris.



The effects of maternity on movement patterns has not been studied in slow lorises, however
when parental care is exhibited, such as within slow lorises (Wiens and Zitzmann 2003a), the
behaviour of the parent will undoubtedly change. This study looks at how the presence of an

infant will affect the distances that the mother will travel, the effect on sleeping site choice,

and home range size.

Lunar activity and illumination is something that affects most nocturnal animals. Predator-
prey interactions are the main determining factor as to why an animal may be lunar-philic
(more active with higher moon luminosity) or lunar-phobic (less active with higher moon
luminosity). Lunar-philia tends to be displayed in nocturnal species that have an omnivorous
or carnivorous lifestyle. They are therefore better able to hunt at times of increased visibility
when the moon is bright. Examples of this include the Spectral tarsier, the only solely
carnivorous primate, or the yellow throated marten, who although mainly diurnal showed
higher nocturnal activity during the full moon and are known as skilled hunters (Hendrickson
et al. 2000; Grassman et al. 2005; PARR 2007). Lunar-phobia is a much more common
occurrence in nocturnal animals and has probably evolved as a form of predator avoidance
(Trillmich and Mohren 1981; Clarke 1983; Starr et al. 2012). Examples of lunar-phobic
animals include deermice, Merriam’s kangaroo rats and fruit bats (Clarke 1983; Daly et al
1992; Elangovan and Marimuthu 2006). Within the family Lorisidae, lunar-philia has not
been documented, however lunar-phobia and lunar-neutrality have. A study by Starr et al.
(2012) showed that pygmy slow lorises displayed lunar-phobia during the cool dry season
and lunar-neutrality during the warmer wet season. The Javan slow loris, in a study by
Nekaris et al. (2014), appeared to be lunar-neutral whereas the Bengal slow loris displayed
lunar-phobia in a study by Rogers and Nekaris (2011). The effect of moon light on the
behaviour of the Bornean slow loris has not previously been studied, however it is anticipated
that this study will show lunar-phobia or lunar-neutrality given the findings of the studies

mentioned above.

The final aspects of this study will look at the effect of tree species on sleeping site selection
and the effect of rainfall on the distance travelled by the Bornean slow loris between sleeping
sites. With so little known about the Bornean slow loris, there are many directions a project
such as this could have taken. The aforementioned factors that the study assessed were
chosen to try and broaden knowledge of the Bornean slow loris, despite the limitation of only
having one focal animal. Maternity has been focused on in the study as the loris had an infant

for a significant part of the study period. There is a significant body of research into lunar
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response in nocturnal animals. It was therefore thought important to study this aspect of the
behaviour of the slow loris. All the information gathered during this study will contribute to
the understanding of these little known animals and assist in efforts to conserve these

fascinating creatures.

Materials and Methods

Study Site

This study was undertaken at Danau Girang Field Centre (DGFC) in Sabah, Malaysia. The
field centre is located along the Kinabatangan River in an area known as Lot 6 (figure 1). The

majority of this study was carried out from September 2013 to June 2014.
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Figure 1: Map of the Kinabatangan River, Sabah, Malaysia. Study site of the Bornean slow loris
at Danau Girang Field Centre, marked on map with star. Image courtesy of Danica Stark.

The nocturnal primates’ project, studying the slow loris and tarsier, is one of the long term
projects running at DGFC. To study these animals, radio telemetry is used. The individuals
are captured and fitted with a VHF radio collar to allow them to be located and followed at
any time. The receiver (TR-4 Telonics), antenna (RA-23K VHF Antenna Telonics) and
transmitter (Holophil PD-2C) were made by Biotrack.

The collar on an animal (figure 2) emits a signal which is picked up by the receiver (figure 3).

The receiver emits a beeping sound which gets louder with proximity to the collar.



This particular study was carried out on a female slow loris, known as Boss, who was
collared in March 2012.
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Figure 3: Antenna (A) and aerial (B) used to track VHF
collared animals, in this case the Bornean slow loris.

Figure 2: Bornean slow loris, Boss, with
VHF collar.

Sleeping Site

During the day, Boss’ sleeping site was found using the VHF collar. The radio telemetry
allows the tree in which the animal is sleeping to be identified. The tree was approached
quietly to avoid disturbing the animal. A search of the tree using binoculars was then carried
out to try and see the slow loris in her sleeping site. The GPS point of the tree is then taken
and the tree tagged with flagging tape. If the tree had already been used as a sleeping site a

record of the tree would be taken and recorded with the date.

Tracking

The tracking of Boss took place during three hour sessions, 18:00-21:00, 21:00-00:00,
00:00-03:00 and 03:00-06:00. Three hour shifts allowed enough data to be collected without
causing undue disturbance to the animal. After four nights, data would have been collected
across a period spanning the whole night (12 hours) from wake to sleep. After a night off, to
allow the animal a break, the four night cycle would be repeated. During the tracking, data
would be taken every 15 minutes. This would include the GPS point, Boss’ height to the

nearest five metres and any behaviour that could be seen.



Data Analysis

Statistical analyses were carried out using the statistical software R (version 3.0.2 R
Development Core Team 2013). Maps were created in arcGIS (version 10). Data on moon
phase was obtained from timeanddate.com using their Moon Phase Calculator with Kota

Kinabalu as the reference point.

Home range was calculated using Grid Cell method in arcGIS (version10) using the data
collected during the three hour night shifts. Sleeping site trees were plotted based on GPS
location. The number of times that Boss visited a sleeping site tree was represented by circle

size.

A general linear model (GLM) was carried out to look at the significant factors effecting
distance between sleeping sites. Distance between sleeping sites was calculated using Garmin
Basecamp (version 3.3.1) from the GPS locations of the sleeping site trees. The distance
values were transformed using a square root transformation to make them normally
distributed. The potential significant factors looked at for their effect on distance between
sleeping sites were: Maternity (yes or no), lllumination (categories 1 to 4; 1 = 0-24.9%; 2 =
25-49.9%; 3 = 50-74.9%; 4 = 75-100% illumination) and the number of days between

sleeping sites.

Another GLM was carried out to assess the possible factors effecting the distance travelled at
night during the three hour shifts. The distance data was transformed using a square root
transformation to normalise the data. The factors assessed were; Maternity (yes or no),
[llumination (categories 0 to 4; 0 = nights with no visible moon during data collection; 1 = 0-
24.9%; 2 = 25-49.9%); 3 = 50-74.9%; 4 = 75-100% illumination), Hours watched and Time

period.

The effects of maternity on sleeping site re-use were assessed using a Wilcox matched-pairs
test. A Fligner-Killeen test was used to check there were no significant differences between

the variances. A boxplot was created to show how maternity affected sleeping site re-use.

The effect of tree species on sleeping site use was assessed using a Chi-squared test. Sleeping

sites where the tree species was unknown were not included.

The effect of rainfall on distance between sleeping sites was assessed by using a Spearmans

rank correlation, comparing average weekly rainfall to average weekly distance between



sleeping sites. A Fligner-Killeen test was used to check there were no significant differences

between variances.
Results

The estimate for Boss” home range was calculated to be 4.88 hectares.
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Figure 4: Home range estimates of a Bornean slow loris in the Kinabatangan Forest Reserve, Sabah, Malaysia.
Slow loris was collared and then tracked using radio telemetry

A) Data collected at night across three hour shifts, GPS points marked every 15 minutes, the darker the square the more
often the loris visited that area

B) Data collected during the day by taking a GPS point of the sleeping site tree, larger circles represent trees where she
has slept more frequently




The only significant factor affecting distance between sleeping site was maternity. The
distances between sleeping sites were significantly less when Boss had an infant (T-value = -
4.246, p<0.001). Hlumination category and number of days between sleeping site were not

significant.
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Figure 5: Distance between sleeping sites day to day of a Bornean slow loris in the Kinabatangan forest
reserve without infant and with infant. Distance is not cumulative. A distance of zero indicates that the
Loris has returned to the same sleeping tree as the day before.

The only significant factors affecting distance travelled at night were hours watched and time
period (p<0.0001; p<0.05 respectively). Maternity was nearly a significant factor (p=0.0852)
with a positive T value. lllumination category had no significant effect on the distance

travelled at night.

Maternity significantly affected sleeping site tree re-use (p<0.05). A boxplot showed that the

presence of an infant increased sleeping site tree re-use.
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Figure 6: Sleeping site tree re-use of a Bornean slow loris in the Kinabatangan forest reserve without and
with an infant. Each circle represents a different sleeping site tree. The larger the circle the more times the

Loris used the tree as a sleeping site.
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The tree species was a significant factor affecting sleeping site selection (X?=282.667; df=9;

p<0.0001). Mallotus muticus and Pterospermum macrocarpum were two species that she

often chose as sleeping trees.
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Figure 7: Tree species effects on sleeping site selection of a Bornean slow loris. Unknown tree
species were not included in the data
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There is a significant association between average weekly rainfall and average weekly

distance between sleeping sites (p<0.05).
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Figure 8: Effects of average weekly rainfall on the average weekly distance between sleeping sites of a
Bornean slow loris.

Discussion

The grid cell method was used to estimate Boss” home range using the GPS points collected
across the three hour shifts (figure 4). This tends to give a more accurate home range size
than methods such as the Minimum Convex Polygon (MCP) as it takes into account how
much time is spent in each area and does not just use the most extreme points as markers for
the edge of the home range (Grueter et al. 2009). The grid cell method gave a home range
estimate of 4.88 hectares for Boss, a Bornean slow loris. Looking at home range estimates for
the Sunda slow loris (Nycticebus coucang) in a study by Wiens and Zitzmann (2003b), they
found that the home range size was dependent on habitat type but not age or sex of the Sunda
slow lorises they were studying. The smallest home range was 0.4 hectares for a slow loris in
primary forest, and the largest home range was 25 hectares for a slow loris in Padang
savannah. Their estimates were calculated using MCP so a direct comparison cannot be
undertaken, however it gives a general idea of the range of slow loris home range sizes. Boss’

home range estimate of 4.88 hectares is quite small and closer in size to the home range of
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the loris in the primary forest. The forest where Boss lives is secondary forest (selectively
logged in the 1980°s) and is much closer in habitat type to primary forest than savannah.
These primary and secondary forest types have lots of trees and vines, which are all
connected to cover larger areas of land. Savannah differs in that the patches of forest are
small and spread out. A loris that lives in a primary or secondary forest is not going to need to
travel as far to find food and shelter compared to a loris that lives in a savannah habitat where
long distances have to be travelled to get to a new forest patch. It is therefore possible that a
study of a Bornean slow loris in a non-forest habitat could result in a much larger home range
estimate. In contrast to the result that Wiens and Zitzmann (2003b) found, that habitat type
was the only factor that affected home range size of the Sunda slow loris, a study of the
slender loris found that sex did have a significant effect on home range size. The study
showed that males had home ranges of more than twice the size of the female slender lorises
(Nekaris 2003). No male Bornean slow lorises were followed in this study so a comparison
cannot be made however logic suggests that sex may well be a factor in determination of
home range size. It has been suggested, due to bite wounds seen on male slow lorises, that
male slow lorises defend territories (Wiens 2002). If this is the case it is likely that a male
slow loris’ home range will overlap multiple females’ home ranges (Wiens 2002; Wiens and
Zitzmann 2003b) suggesting that males will have larger home ranges than females. Through
personal observation, Boss was very rarely in the same area as other lorises, other than her
infant. During the 10 month study period, there were only three sightings of other lorises in
the same immediate areas as Boss, and the two lorises did not stay in the same area as each
other for long, with one moving quickly away. No interaction between the lorises was
observed. This does not necessarily mean that Bornean slow lorises do not have overlapping
home ranges but it does seem to suggest that they avoid each other and are highly solitary
animals. Varying degrees of solitude have been documented for different species of slow loris

which may have an effect on home range size (Nekaris and Bearder 2007).

There were several factors that affected the movement patterns of the slow loris. One such
factor was maternity, i.e. the presence or absence of the infant, which significantly affected
many of the movement pattern indicators. The presence of the infant significantly lowered
distance between sleeping sites and increased the amount of sleeping site re-use of the female
slow loris. The distance travelled at night was not significantly affected by the presence of an
infant however it was close to being significant. A positive T-value indicates that the loris

potentially travelled further at night when she had the infant, although this cannot be
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definitively stated as the results were only close to being significant. Slow lorises leave their
young alone at night from as early as the day of birth (Wiens and Zitzmann 2003a) but
clearly the birth of their young does affect how the loris utilises its habitat. This study cannot
draw conclusions as to the behaviour of all Bornean slow lorises as the sample size is very
small (n=1 infant and n=1 mother) however when there is maternal care such as within the
Lorisidae (Wiens 2002; Wiens and Zitzmann 2003a) and indeed within most primate species,

changes in behaviour and habitat are not unusual.

This study showed that the distance between sleeping sites was significantly less when Boss
had her baby. One possible reason for this is that slow lorises leave their young in the
sleeping tree at night to forage for themselves, this is called ‘parking’ their young (Wiens
2002; Nekaris and Bearder 2007). They then return to their young at the end of the night. If
the mother did not have the infant she would be free to sleep in a tree close to where she had
finished foraging that night, however because she has to return to where she left the infant,
i.e. the previous days sleeping site, it makes sense for the mother and infant to sleep close to
where they slept the previous day. This can also then explain the higher repeated use of the
same sleeping site tree when Boss has the infant. Figure 5 shows the distance between
sleeping sites without and then with the infant. When Boss does not have the baby the
distance travelled is much more variable with large distances often occurring between days.
When Boss has a baby the distances are generally much lower, except for a few greater
distances at the beginning (figure 5). These further distances between sleeping sites during
the first couple of weeks since the birth of the baby could be explained in a number of ways.
Potential factors could be that Boss kept the baby with her whilst foraging at first, or that she
was looking for a more appropriate sleeping site to leave the baby, or a number of other
possible factors such as food availability, predation or changes in habitat such as tree fall or
semi-permanent swamps forming. These factors have not been measured in this study so no
definitive conclusions can be drawn as to why there were a few larger distances between
sleeping sites during the first few weeks when the infant was present. After these first couple
of weeks with the infant however, the distances between sleeping sites are significantly less
compared to when she does not have the infant. Sleeping sites were also re-used more when
she had the baby than when she did not. This is graphically represented in figure 5 when the
distance travelled is zero, which is a much more common occurrence when Boss has a baby.
Increased repeated sleeping site use when Boss has the baby can also be seen in figure 6. In

figure 6 there are more, larger circles when she had the baby, than when she did not. The
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larger circles represent more times slept in a particular tree. Not only did she re-use sleeping
site trees more when she had a baby, she would also remain in the same sleeping site trees for
more than one day at a time. Without the baby she only slept in the same tree the next day
once. However with the baby this happened on 14 occasions, with Boss sleeping in the same
tree for up to five days in a row on one of these occasions. Wiens and Zitzmann (2003b) in
their study of the Sunda slow loris reported that none of the lorises reused a sleeping site for
more than two successive days. A potential reason for the difference between the Sunda loris
study and this one could be that Wiens and Zitzmann (2003b) found that the Sunda slow
lorises slept in direct contact with another loris (excluding infants) 21% of the time. Boss
was never seen sleeping in direct contact with, or even near, another loris, other than her
infant. This lack of sociality could be a potential reason why she would stay in a sleeping tree
longer. Sleeping with another loris could be a form of predator defence (Wiens 2002; Nekaris
and Bearder 2007), if the animal is solitary they may need to employ a different predator
avoidance strategy. Perhaps once Boss found a good sleeping site for her and her baby she
stayed there longer as it was a good place to avoid predation. If the loris was sleeping with
another individual, there would be two lorises to be aware of predators and alert the other.

This could potentially be a reason for the different sleeping site behaviour.

The effects of lunar cycles on movement patterns of nocturnal animals is a well-studied
phenomenon. Within the nocturnal primates, lunar-philia has been documented in the spectral
tarsier (Gursky 2003) and the galago (Buzzell 2002). Within the family Lorisidae however
lunar-phobia has been more widely documented than lunar-philia in species such as the
pygmy slow loris (Starr et al. 2012) and Sunda slow loris (Trent et al. 1977). Our study of a
single Bornean slow loris has actually shown the animal to be neither lunar-philic nor lunar-
phobic as the illumination of the moon had no significant effect on either the distance
between sleeping sites, or the distance travelled at night. This leads to the tentative
conclusion that the Bornean slow loris may in fact display lunar-neutrality, although with
such a small sample size (n=1 Bornean slow loris) one cannot necessarily extrapolate this
data to apply to all Bornean slow lorises. Lunar-neutrality has been displayed in the Javan
slow loris shown in a study by Nekaris et al. (2014) who compared encounter rates of the
loris to the moon phase. If we look more closely at the study conducted by Starr et al. (2012),
which concluded that the pygmy slow loris was lunar-phobic, the pygmy loris actually only
exhibited lunar-phobic behaviour during the dry cool season when the forest was sparse with

reduced foliage. The area where the study of the Bornean slow loris was carried out does not
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exhibit such drastic, if any, change in foliage cover. Lunar-phobia is most commonly
associated with predator avoidance (Watanuki 1986; Daly et al. 1992; Starr et al. 2012), so if
the dense foliage that is found in the Kinabatangan forest reserve is already assisting this
predator avoidance, then there is no need to reduce foraging activity during nights of high
luminosity. Another factor that Starr et al. (2012) found to affect the foraging activity of the
pygmy loris was nightly temperature, with bright, wet, warmer nights showing an increase in
foraging behaviour of the pygmy lorises. In the study area of the pygmy loris of northern
Vietnam, the climate has distinct cold dry winters and warm wet summers with an absolute
minimum daily temperature of 5°C (Streicher 2005) and Starr et al. (2012) found that pygmy
lorises became inactive on cool nights, but only when there was high illumination. A study of
owl monkeys in Formosa, Argentina, where monthly mean temperatures ranged from 10 °C
(mean minimum) to 34°C (mean maximum), found that both nocturnal and diurnal activity of
the owl monkeys was affected by ambient temperature only when the moon was full (90-
100% illumination) with increased nocturnal activities after a warm day, during the full moon
(Fernandez-Duque 2003). The temperatures in our study site do not show variation to the
extremes that were seen in the Starr et al. (2012) and Fernandez-Duque (2003) studies.
Minimum and maximum air temperatures were taken daily at our study site and the minimum
temperature has not gone below 21°C in the past four years with the average minimum
temperature being 24°C and the average maximum temperature being 31°C. Various studies
have suggested that foraging behavioural changes due to ambient temperature changes occur
to compensate for energy loss on cold nights (Owen-Smith 1998; Nekaris and Bearder 2007;
Starr et al. 2012). A full moon may have more of an effect on these cold nights because the
animal will not want to waste its energy foraging when predation risk is higher, so will
become less active, such as the Pygmy slow loris. For the owl monkeys, ambient temperature
only had an effect when the moon was full (they displayed lunar-philia the rest of the time
with temperature having no effect). The higher the temperature the day before a night with
the full moon, the more active they would be. This again could be an energy conservation
method. High illumination would increase foraging success and higher temperatures would
mean less energy lost in trying to keep warm. In our study of the Bornean slow loris, a lack of
variation in temperature at the study site could be another factor in why lunar-neutrality
seemed to be displayed, as energy loss due to cold weather does not occur. Inactivity on cold,
bright nights to conserve energy and avoid predators is not needed, nor is increased foraging

efforts on bright, warm nights to make up for the cold ones.
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This association between nights of high illumination and increased foraging efforts also
depends on the type of food that the animal eats. As previously mentioned the spectral tarsier
is lunar-philic (Gursky 2003). Tarsiers are solely carnivorous (Cartmill 2010) and rely
heavily on their sight for catching their prey, such as insects, spiders, frogs and even birds
and snakes (Niemitz 1973; MacKinnon and Mackinnon 1980; Jablonski and Crompton 1994;
Gursky 2006). This carnivorous lifestyle is conducive to lunar-philic behaviour as the
benefits of increased prey capture outweigh the possibility of being predated on (Gursky
2003). The slow lorises diet is however more variable. Slow lorises have been observed to eat
gum and nectar as well as insects (Wiens 2002; Wiens and Zitzmann 2003a). This more
varied diet, with hunting not being the only method of securing food, means the slow loris is
not entirely dependent on nights with high visibility to find food. Another key difference
between the slow loris and the tarsier is that tarsiers lack a tapetum lucidum, the reflective
layer of tissue behind the eye which is common among nocturnal animals (Gursky 200). The
tapetum lucidum helps nocturnal animals to see better in low light conditions by providing
the retinal cells a second opportunity for stimulation (Ollivier 2004). This lack of tapetum
lucidum in tarsiers could be why they display more lunar-philic tendencies than many slow
loris species (Gursky 2003). Tarsiers may need more light to be able to hunt whereas the slow
loris can use its tapetum lucidum to its advantage in low light conditions, such as when the

moon is not full, or in dense foliage.

A further difference between some species of tarsier and the Bornean slow loris is the
gregariousness of the tarsier. It has been shown that when tarsiers hunt in high luminosity
conditions, they are more likely to travel in groups, this is a strategy for protection against
predators as tarsiers have been documented to mob predators and overcome them (Gursky
2003; Gursky 2005). Bornean slow lorises are mainly solitary animals, so this predation
avoidance method does not occur, thus potentially reducing the likelihood of a loris to be

lunar-philic.

When comparing the methods of the aforementioned studies, a limitation of our study does
arise. In the studies of the tarsier (Gursky 2003), the pygmy slow loris (Starr et al. 2012) and
the owl monkey (Fernandez-Duque 2003) all three studies had a high visual encounter with
many individuals of the study species and witnessed foraging and hunting. In the study of the
Javan slow loris (Nekaris et al. 2014), lunar-neutrality was inferred from no changes in
encounter rate between different moon phases. In our study lunar neutrality was inferred from

a lower distance travelled at night and between sleeping sites of just one Bornean slow loris.
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The methods of the Nekaris et al. (2014) study and this study have their limitations in that
foraging of the slow loris was very rarely seen. Encounter rate does not provide information
on foraging behaviour, merely if there was a Javan slow loris present. In this study of a
Bornean slow loris in a dense forest habitat, there were many times throughout the study
period that the loris could not been seen, or if she could only be detected by her eye-shine,
her behaviour could not be deduced as she was in the forest canopy. Moreover when she was
low enough to be seen clearly she was often moving to a new area so would not be foraging.
Although these two methods of encounter rate and distances travelled provide a base to start
hypothesising from, no definitive conclusions can be drawn. The slow loris is highly cryptive.
There were nights during this study period of the Bornean slow loris in which all the observer
would see, even with binoculars, would be eye-shine. This crypsis is why so little is known
about the behaviour of wild slow lorises. An interesting future direction for the study of slow
lorises would be to use thermal detection cameras, or even ‘point of view’ cameras which
could be attached to a loris for 24 hours and provide potentially extraordinary revelations

about these little understood animals.

The tentative conclusions that we can draw about the Bornean slow loris is that in areas of
dense vegetation with little variation in nightly temperatures they are lunar-neutral. The diet
and sociality of the loris provide possible reasons for neutral behaviour with regards to
luminosity. These tentative conclusions do require further study however with potential
future studies carried out in areas of seasonal variation in vegetation cover or with
significantly less vegetation cover, i.e. on the forest edge or plantations. In depth behavioural
studies with potentially higher quality equipment to better detect loris behaviour would also

provide interesting and novel information.

Figure 7 shows that the tree species most commonly used by Boss as a sleeping site was
Mallotus muticus. The M. muticus trees are a very common tree species found on the flood
plains of the Kinabatangan River (Boonratana 2003). It could be due to its common
occurrence that M. muticus was used most frequently by Boss as a sleeping tree. However M.
muticus trees also tended to be tall with dense leaf cover at the top (personal observation).
Lorises tend to favour sleeping sites with lots of foliage as this enables them to hide from
predators such as birds of prey (Wiens 2002), hence why M. muticus trees are appropriate for

loris sleeping sites. The second most common tree that Boss used for sleeping in was
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Pterospermum macrocarpum. Again this tree species is very common in the Kinabatangan
(Matsuda 2008) which could be a factor as to why it is used by Boss as a sleeping tree. P.
macrocarpum trees have very broad leaves however (personal observation), which would
again help to hide the sleeping loris from predators. A sleeping site needs to provide
protection for the loris from predators while it is sleeping. The two main trees that Boss has
chosen, M. muticus and P. macrocarpum both provide protection by visually hiding her from
predators. From personal observation it was very hard to spot Boss in her sleeping sites,
especially if she was high up, showing that these sleeping sites are effective hiding places.
Boss used 124 different trees for sleeping sites. Figure 4 shows that the areas with lots of
sleeping site trees and high re-usage of sleeping sites correspond with the areas of high usage
at night. This shows that location plays a large role in determining sleeping site selection and
Boss is likely to choose a tree close to the area where she has been foraging. Maternity will
also play a role in this, as previously mentioned, due to Boss returning to the tree where the

infant was left.

The Kinabatangan forest experiences high amounts of rainfall every year with 1525-3050
mm, or sometimes up to 4,500 mm annually (Kulip 2003). Figure 8 shows how, as the
average weekly rainfall increased, Boss’ average weekly distance travelled between sleeping
sites also increased. This suggests that Boss would move further between sleeping sites when
there had been high amounts of rain. One possible explanation for this could be that she
would need to be more selective about which sleeping site would be appropriate as it would
also need to provide protection from the rain. This reaction to rain could help explain why
figure 5 shows that Boss travelled further distances between sleeping sites during the first few
weeks of the infant being born. The infant was most likely born in January 2014, which is the
middle of the rainy season in the Kinabatangan. Daily rainfall was measured every day at the
site and January had the highest rainfall of any month during the study period (September
2013 to June 2014). This high amount of rainfall could be why some of the distances between

sleeping sites were quite large when the baby was first born.

Despite the data collected in this study, very little is known about the Bornean slow loris.
This study, although limited (n=1 Bornean slow loris), will help contribute to a better
understanding of this cryptic species. With a greater knowledge of the lifestyle of the
Bornean slow loris, conservation efforts can be focussed on how to protect wild slow lorises

and also how to increase the survival rate of captive slow lorises re-introduced into the wild.
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