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Part A
Spending a year in the tropical rainforest of Borneo has been such an eye
opening and amazing experience. This PTY placement has enabled me to
gain significant experience in a wide range of ecological techniques, including
planning and carrying out my own research project. My project at Danau
Girang Field Centre (DGFC) was based on the Philippine slow loris and the
effects of maternal care on sleeping site choice and ranging. The nature of
this project allowed me to become very experienced in radio-telemetry, as this
technique was part of my everyday routine in finding slow loris sleeping sites
as well as tracking them at night. As part of my project, I also carried out
habitat analysis on sleeping site trees and was trained by a forestry student,
broadening my skill set. Tracking the animals involved collaring them; I was
therefore able to assist project leader Danica Stark and vet Sergio Guerrero in
taking samples, measurements and collaring the slow lorises. Another aspect
of my project was to calculate a population density of slow lorises in the
surrounding area. From this I learnt to conduct and plan a census, a valuable
technique used in conservation.
In addition to my own project, I was also able to assist in a number of other
research projects. This included camera trapping, monitor lizard sampling,
civet trapping and tracking, crocodile basking site analysis and botanical plots.
As part of our PTY duties, I assisted in the setting up of 16 new camera
trapping sites. Therefore, I now have an understanding in site selection and
camera trap positioning in order to target certain species. As well as this I
have learnt image collection and processing techniques. Another of our duties
was to co-write the monthly newsletter, The Jungle Times. From this I gained
huge confidence in written communication and skills in public outreach.
Throughout the year, a number of field courses visited the field centre and as
a PTY student it was my job to assist the leaders with field courses. For three
of the field courses, we were given responsibility of leading them thus I gained
skills in leadership and time management. Activities included forest walks
during both the night and the day, primate surveys, spider surveys and I gave
regular presentations on my project to improve my spoken communication
skills.
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Throughout the year, I experienced difficulties and problems that some may
encounter from working in the field, especially with my project being focused
on a prey species in such an unpredictable environment. This experience has
vastly increased my understanding and appreciation of tropical ecosystems
and has shown me where my interests lie and how much I would love to
pursue a career in conservation. I am truly grateful to everyone at DGFC who
made this such an unforgettable and life changing experience.
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Part B
Determinants of home range: a study of individual dispersal, maternal
care and sleeping site selection in the Philippine slow loris, Nycticebus
menagensis
ABSTRACT
Slow lorises (genus Nycticebus) are arboreal, nocturnal and cryptic, making
them very difficult to observe in the wild. Much of what is known about their
behaviour has come from studies of captive specimens. This study focused on
the Philippine slow loris (Nycticebus menagensis) and was conducted in the
Danau Girang Field Centre (DGFC), Sabah, Malaysian Borneo from August
2014 to July 2015. The population density of N. menagensis was assessed
using line transect surveys. A density estimate of 8.9 lorises/km2 was
calculated, suggesting lorises are rare throughout their range. Of those
encountered, two radio-collared adult females served as subjects, along with
their three offspring, of which one was also collared. The study looked into
home ranges, the effect of maternal care on sleeping site selection and
individual dispersal. GPS points and observations of the animals were taken
during night tracking and locating their daily sleeping sites. These points were
used to calculate home ranges and core areas using the adaptive local
convex hull (a-LoCoH) method. The adult females had larger home ranges
than the sub-adult male. Great overlap of ranges and core areas between the
related female and sub-adult were observed, with the male sharing 94.3% of
his range with his mother. This early form of dispersal from the mother
occurred at seven months of age, however no major dispersal events were
observed as the individual only reached 11 months suggesting that the
chances of successful dispersal are low. A high level of noise disturbance had
a significant association with sleeping site selection when an infant was at its
youngest, whereas canopy coverage was significant when compared with
neutral plots proposing that lorises select trees which will provide protection
from predators. These findings will help broaden the knowledge of this
understudied species and protect the habitat they require to survive.
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INTRODUCTION
Maternal care patterns in primates have been studied for several
decades. These studies have demonstrated large variation in which parent
cares for the young and how long they nurse and transport their young
(Gursky and Nekaris, 2003). Some species show high levels of paternal care,
such as owl monkeys (Aotus azarai) and titi monkeys (Callicebus moloch),
where the males will carry their offspring on their back and share food with
them (Wright, 1990). Tamarins (Saguinus spp.) and marmosets (Callithrix
spp.) both display extensive extra-maternal caregiving, where females will
look after young that are not their own (Garber and Leigh, 1997). However, in
comparison to other mammals, infant care in primates falls into two general
patterns with the task mainly relying on mothers (Nicolson, 1987). Foraging
mothers will either carry their infants, or leave them, although some species
exhibit both patterns (Ross, 2011). Primate mothers that “park” their infants,
known as infant parking, will either leave them in a nest or tree hole
(Kappeler, 1998) or leave them clinging to branches for considerable periods
of time. The latter pattern is used by all members of the subfamily Lorisinae
studied so far including: slow lorises (Nycticebus spp.), slender lorises (Loris
tardigradus), angwantibos (Arctocebus calabarensis) and pottos (Perodicticus
potto) (Wiens and Zitzmann, 2003a).
Slow lorises (Nycticebus spp.) are arboreal, nocturnal and cryptic,
making it difficult to observe detailed aspects of their life histories in the wild.
Therefore, much of what we know about their behaviour has come from
studies of captive individuals. They differ from other species of nocturnal
prosimian due to being the only venomous primate (Rode-Margono et al.,
2015). Slow lorises activate their toxin by mixing brachial gland exudates with
saliva, resulting in a venomous bite (Nekaris, 2014). Although the venom’s
evolutionary purpose remains unknown, it is believed to be a predator and
ectoparasite deterrent (Rode-Margono et al., 2015). Nekaris et al. (2013) also
recorded a mother heavily covering her offspring with venom before parking it,
providing support for the predator defence hypothesis and information on
infant care.
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The highly polymorphic slow loris (Nycticebus spp.) has only recently
been split into eight species, all of which are found in South East Asia (Munds
et al., 2013a). Of these species, four are found on the island of Borneo; N.
bancanus, N. borneanus, N. kayan and N. menagensis. Current research on
the behaviour and ecology of the Bornean lorises is deficient, and our
understanding of these primates comes primarily from their better-studied
congeners. These studies, however, do not show how the Bornean
populations are coping with the extensive rates of deforestation occurring in
Borneo (Abram et al., 2014). Therefore, the focal species of this study is the
Philippine slow loris, N. menagensis, which is found in North and East Borneo
and on a few small islands in the Philippines (Munds et al., 2013b). Recent
classification has highlighted a decreasing population size, giving the
Philippine slow loris an IUCN classification of Vulnerable (Nekaris and
Streicher, 2008). As habitat loss threatens their survival, along with the illegal
wildlife trade, all species of slow loris have been assigned to CITES Appendix
I (Nekaris and Nijman, 2007). In light of the current lack of information and the
threats upon this species, it is vital that surveys are undertaken to ascertain
the situation of wild populations (Nekaris et al., 2008). So far, very few
published studies that have focused on N. menagensis have provided detailed
density estimates of their populations; those which have recorded them at low
encounter rates (0.02-0.19 individuals/km) (Munds, 2010). With no historic
data, it makes it unclear whether these low estimates are because they occur
naturally with large home ranges or that these estimates have been caused
by anthropogenic threats.
Studies on Nycticebus spp. have suggested that habitat type, age and
sex of lorises have an effect on home range size (Wiens and Zitzmann,
2003a,b). Wiens and Zitzmann (2003a,b) showed that male home ranges
were significantly larger than those of female greater slow lorises (N.
coucang). This has also been found to be true for other nocturnal primates,
such as the grey mouse lemur (Microcebus murinus) (Nekaris and Bearder,
2007). Age of slow lorises is also an important factor in determining home
range (Wiens and Zitzmann, 2003b). Smaller home ranges have been
suggested to play a role in maintaining the proximity of the mothers to their
7
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offspring before they disperse (Nekaris, 2003), thus young individuals have
smaller ranges. However, once individuals reach age of dispersal the size of
their home range greatly increases and they can have large dispersal
distances of up to 3 km (Wiens, 2002; Schwitzer et al., 2014). Dispersing
individuals may therefore have larger ranges than adults while trying to
establish their own territories (Wiens, 2002). Overlap of home ranges has
been seen between male and female lorises, with males having many females
within their range in order to increase the chances of mating (Nekaris and
Bearder, 2007). Overlap is also seen between related sub-adults and adults
before dispersal, yet no significant correlation between the two has been
found (Radhakrishna, 2002).
Significant patterns of dispersal have been observed among nocturnal
primates. The grey mouse lemur has been shown to display sex-biased
dispersal (Radespiel et al., 2003). The same has been assumed among
lorisines - females remain near the mother while males move some distance
away (Fitch-Snyder and Ehrlich, 2003). Wiens and Zitzmann (2003b)
suggested that dispersal of N. coucang, from the natal area occurs in both
sexes around the time of sexual maturity, between about 16 and 27 months.
For N. javanicus, dispersal has been recorded at about 18 months. However,
no records of this have been recorded for N. menagensis.
A female’s home range may be smaller than normal when an offspring
is present as the presence of an infant can affect an animal’s behaviour
(Harper, 1981). Slow loris mothers park their infants in their sleeping site of
that day and leave them while they forage through the night, thus sleeping site
choice is of high importance in order to protect the infant (Wiens and
Zitzmann, 2003). When the infants are at their youngest, mothers must carry
their infants between sleeping sites which is energetically costly for such a
small individual, therefore distance between sleeping sites is dramatically
reduced (Ross, 2001). Many factors have been suggested to explain sleeping
site selection in arboreal primates, with the avoidance of predators stressed
as a major influence (Day and Elwood, 1999). Other reasons include shelter,
and protection from ecto- and endo-parasites (Cui et al., 2006). Studies of
sleeping sites often characterise the physical parameters of sleeping sites to
8
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assess quality. For example, Cui et al. (2006) showed that black-and-white
snub-nosed monkeys preferred high trees with a large diameter at breast
height with broad crown diameters. However, very few studies have focused
on nocturnal primate sleeping sites (Rasoloharijaona et al., 2008), with no
published data on slow loris sleeping site selection. With studies showing that
sleeping sites for arboreal animals are limited, it is crucial that research is
done to ensure survival of slow loris species.
This study aimed to calculate a population density of N. menagensis,
and to assess how the population has changed since the last survey carried
out in the study area. Additionally, the study aimed to assess the home range
and maternal care patterns of N. menagensis; more importantly what physical
factors affect sleeping site selection when the slow loris mothers have a
dependent offspring at varying ages. It was hypothesised that lorises would
choose taller trees with high canopy cover in order to protect them from
predators and to provide shelter, with the younger the infant the more
protection required. The study also aimed to look at the early stages of infant
dispersal; at what age the offspring would stop sleeping with its parent and
how their home ranges would differ. It is hoped that this study will help in
broadening the knowledge of this understudied and fascinating species and
assist conservation efforts.

MATERIALS AND METHODS
Study site
This study was conducted at Danau Girang Field Centre (DGFC) (5°24’
48” N, 118°02’ 16” E) in Sabah, Malaysia from August 2014 to July 2015. The
field centre is located along the Kinabatangan River, in Lot 6 of the Lower
Kinabatangan Wildlife Sanctuary (Fig. 1). The vegetation around the field
centre is comprised primarily of semi-inundated, semi-swamp and mixed
riparian forest, covering an area of 123 ha (Fig. 2) (Munds, 2010). The climate
is warm, wet and humid and yearly precipitation averages 3000 mm
(Ancrenaz et al., 2004). There is a wet season typically lasting between
9
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November and February and a dry season between February and November.
However, the seasons are not distinctive as the temperature varies very little
(21-34°C) and it rains continuously throughout the year (Munds et al., 2013a).

Figure 1. Map of the Lower Kinabatangan Wildlife Sanctuary where Danau
Girang Field Centre (DGFC) is situated. Study site of the Philippine slow loris
(N. menagensis) at DGFC, is marked on the map with a star (image courtesy
of Danica Stark).
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Figure 2. Map of Danau Girang Field Centre (DGFC) and the surrounding trail
system. Study site of the Philippine slow loris (N. menagensis).
Night surveys
Line transect surveys were conducted between 15 January and 17
June 2015. To reduce disturbance and impact on the forest, pre-existing
straight trails were used as transects and the group size was limited to a
maximum of three people. In loris studies based on all-night follows, animals
were shown to be active throughout the whole of the night (Nekaris, 2003;
Wiens and Zitzmann, 2003), therefore transects were conducted in three
shifts: 18:00-21:00, 22:00-01:00 and 02:00-05:00, for each trail. Each transect
was walked four times for each time period, totalling 12 repeats per transect.
The average transect length was 1.1km, walked at ~500 m h-1. Observers
used LED Lenser H7R head torches to scan all levels of the vegetation,
checking both sides of the transect as well as behind to ensure no animals
were missed.
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Slow lorises were detected mainly by their reflective eye shine. Eye
shine is the result of having an intraocular reflecting structure, the tapetum
lucidum, which is common in most nocturnal primates (Bearder et al., 2005).
From each survey the following data were collected: date, start and end time,
length of transect and number of observers. Upon every slow loris encounter
the following data were recorded: number of animals detected, time of
sighting, distance along transect, perpendicular distance of animal from
transect and animal height. The locations where lorises were found were
recorded using a manual GPS (GPS map 62, GARMIN, Hampshire, UK).
VHF tracking
This study is part of a long-term project at DGFC studying nocturnal
primates that started in June 2011. This particular study focused on three
radio-collared Philippine slow lorises: one sub-adult male, two adult females
and their offspring. Male 1, offspring of Female 1, was collared 6 th June 2014
and was followed until 5th December 2014, where it was assumed he was lost
to predation. Female 1 was initially collared in March 2012 and re-collared for
this study on 28th February 2015 when she was observed with a new
offspring. Female 2, a new individual, was collared on 13th March 2015; both
females were followed until the end of the study period. Aspects of this study
looked at how sleeping site selection is affected when a dependent offspring
is present. However, due to the timing of collarings, births and deaths of the
study subjects, non-maternal analysis included previously collected data (2nd
September 2013 until 28th December 2013). Non-maternal analysis for
Female 1 was also used after 30th April 2015 after the loss of her most recent
infant. Female 2 did not have a dependent offspring until 25th April 2015, thus
data for the non-maternal period was used up until this date.
Animals were fitted with BioTrack VHF radio-collars (BioTrack, UK) and
were located using an antenna (RA-23K VHF Antenna, Telonics, BioTrack,
UK) and a receiver (R100 Telonics, BioTrack, UK). Each collar emits a signal
at a particular frequency which is picked up by the receiver. The receiver
emits a beeping sound that gets louder with increased proximity to the collar.
Sleeping sites of the collared slow lorises were found every day, and the
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F1213

BI9999

C1209648

location of the tree was marked using a GPS. The sleeping site was
determined by triangulation of the radio collar signal (process that estimates
the location of a transmitter by using two or more directional bearings
obtained from known locations remote from the transmitter’s position (Sterling
et al., 2000)). Trees were tagged with flagging tape and an individual
identification number (e.g. LS 001). If a tree had already been used previously
as a sleeping site, the existing tree identification number was recorded.
Binoculars were used to obtain a visual of the slow loris if possible. If seen,
the height of the animal, and presence or absence of a conspecific was
recorded.
Nocturnal tracking took place over four three hour sessions for the subadult male slow loris (18:00–21:00, 21:00–00:00, 00:00–03:00 and 03:00–
06:00). Lengths of the sessions were increased for the two females to two six
hour sessions in order to increase data collection (18:00-00:00 and 00:0006:00). Data was therefore collected over two consecutive nights rather than
four, reducing the impact of any environmental variables that may affect the
animal’s behaviour during the different nights. During the tracking period, the
GPS location of the slow loris, estimated height in the canopy and any
behaviour (resting, moving, eating, grooming or socialising) observed was
recorded using instantaneous behaviour sampling with 15-minute intervals,
per Wilson (2014). The weather and intensity of the moon was also recorded
to look at the effects of environmental variables on their movement. Head
torches with white light were used to locate the animals due to their reflective
eye shine. Once the animal was spotted red filters were preferred, as studies
indicate that red lights are less disturbing (Nekaris et al., 2008).
Sleeping site characteristics
In order to investigate whether sleeping site selection changes as the
dependent offspring matures, sleeping trees were split into different
categories depending on the age of the offspring (0-1, 1-2, 2-3, 3-4, 5-6, 6-7
months old). For each month category, three trees were selected. The same
number of sleeping trees was also selected for when the adult-females had no
dependent offspring. The trees were randomly selected using a random
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number generator in Microsoft Excel. To test which variables were selected
for as sleeping sites based on the overall characteristics of trees within the
home range, 24 randomly selected (neutral) trees were also chosen by using
a random number generator to obtain a compass bearing and walking 20 m in
that direction. Around the sleeping and neutral trees, 10 m x 10 m plots were
created. Data were collected on the variables listed in Table 1 for each
sleeping site and neutral plot. These variables were selected in order for them
to be compared against another relevant study on slow loris sleeping sites
(Nekaris et al., unpubl. data).
Table 1: Variables measured for 24 Philippine slow loris (N. menagensis)
sleeping sites and 24 neutral plots at Danau Girang Field Centre, Sabah,
Malaysia.
Variable

Definition

Vegetation Type

Vegetation tangle, tree hole, open
branch, nest

Species of sleeping tree

Tree species

Height of sleeping tree and

Calculated using range finder (m)

average height of plot
Diameter at breast height

All trees in plot with DBH>10cm

(DBH) of sleep tree and of all
trees in plot
Connectivity sleeping tree

1 = connected 0= not

Average leaf coverage of plot

Estimated percentage

Leaf coverage of sleep tree

Estimated percentage

Tree species per plot

Number of tree species in plot

Level of noise disturbance

Measured as the estimated distance to
generator and buildings
0-minimal noise
1-faint
2-moderate
3-fair
4- loud
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Data analysis
All analyses were carried out using the statistical software R (version
2.15.2, R Core Team 2012). Significance was accepted at an α level of 0.05.
Maps were created in ArcGIS 10 (ESRI, 2011).
Density (D) of slow lorises was calculated as D = n/2wl, where n is the
number of animals observed, w is the half-width of the trail and l is the length
of the trail. The half-width of the trail was obtained by eliminating 10% of the
furthest sightings from all observations (Munds et al., 2013a). Encounter rate
(E) was also calculated as E = n/l.
Home range estimates were calculated using the adaptive local convex
hull method (a-LoCoH). This method creates hulls from the maximum number
of nearest neighbours to a point such that the sum of their distances from the
root point is less than or equal to a distance measure a. Getz et al. (2007)
recommended beginning with an a value that is the maximum distance
between the furthest nearest-neighbour points, then using the “minimum
spurious hole covering” (MSHC) technique to select the most appropriate a
value (Lyons et al., 2013). An a value of 550 was used for Female 1, 390 for
Female 2 and 350 for Male 1 (Appendix 1). Using the data collected from both
the night shifts and sleeping sites, 95% and 50% contours were calculated
using the adehabitatHR package in the R statistical program (Calenge, 2006).
The 50% contours were used to determine the core area (areas receiving
concentrated use) of the individuals. GPS points from the night tracking and
sleeping sites had equal weighting, otherwise analysis did not work. Home
range overlap between Female 1 and Male 1 was calculated using the
Intersect (Analysis) tool in ArcGIS.
A one-way ANOVA was used to test for a significant difference
between sleeping site re-use of 68 sleeping trees when Male 1 was sleeping
with his mother and when he was sleeping independently.
Sleeping sites of the females were split into age categories of their
offspring (0-1, 1-2, 2-3, 3-4, 4-5, 5-6, 6-7 months old) and sleeping sites used
without an infant. The maximum distance between sleeping sites was
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F1213

BI9999

C1209648

measured to calculate maximum spread. Chi-squared tests were carried out
to test for any differences between the spread of sites when the females were
with and without an infant.
A generalised linear model (GLM) of the Binomial family and logit link
function was run to test which variables were selected for as sleeping sites
based on the overall characteristics of trees within the home range. The
dependent variable was whether or not the plot was a sleeping site and
height, DBH, connectivity, coverage and noise were used as independent
variables. All biologically sound two and three way interactions between
independent variables were included in the initial model. The original model
was refined by stepwise (Drop1) deletion of insignificant terms.
An Ordinal Logistic Regression was used to assess what variables
affect sleeping site selection of the mothers when they have an infant at
varying ages. The dependent variable was ordinal (age categories of the
infant and when the mother had no infant). Height, DBH, canopy coverage
and noise were used as independent variables. All trees in this analysis were
connected, so connectivity was excluded from the model.
The effect of tree species on sleeping site use was assessed using a
Chi-squared test for each female slow loris. Tree species were looked at
separately for each loris due to their differing habitat types. Sleeping sites
where the tree species were unknown were not included.

RESULTS
Density of slow lorises
A total of 18 lorises were seen over the study period. The range of
distances from the transect line for sightings was 0-20 m. Slow lorises were
sighted at a large range of heights (range 2-25 m), with a median of 13.5m.
The determined half-width was 15 m, giving a total strip width of 30 m. The
study yielded a total survey effort of 67.23 km, resulting in an encounter rate
of 0.3 lorises/km and a density of 8.9 lorises/km2.
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Home ranges
Home ranges and core areas were calculated for all individuals.
Female 1 had a home range of 6.15 ha and a core area of 1.09 ha (Fig. 3),
Female 2 had a home range of 2.29 ha and a core area of 0.65 ha (Fig. 3)
and Male 1 had a home range of 1.45 ha and a core area of 0.12 ha (Fig. 4).
The mean (± SD) female home range area was 4.22 (± 2.73) ha, while the
mean core area was 0.87 (± 0.31) ha. Both the adult lorises had larger home
ranges than the sub-adult male. However, Female 1’s home range was nearly
three times larger than that of Female 2.

Figure 3. Home range and core areas for two female Philippine slow lorises
(N. menagensis), calculated using the adaptive local convex hull method (aLoCoH). Lighter colours represent the home ranges of each individual, and
the darker colours represent the core areas which they spend at least 50% of
their time.
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Figure 4. The home range and core area for the sub-adult male Philippine
slow loris (N. menagensis) was calculated using the adaptive local convex hull
method (a-LoCoH). Lighter colours represent the home ranges of each
individual, and the darker colours represent the core areas which they spend
at least 50% of their time.
Infant dispersal
Male 1, the offspring of Female 1, stopped sleeping regularly in the
same sleeping site as his mother on consecutive nights after seven months.
After this period, he still remained inside his mother’s home range and their
home ranges overlapped (Fig. 5). Male 1’s home range overlapped Female 1
by 94.3% and the core areas by 73.6%, whereas Female 1’s home range
overlapped Male 1 by only 22.2% and the core areas by 8.1%. After Male 1
had separated from his mother, they were regularly observed together
throughout the night, and occasionally in the same sleeping tree.
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Figure 5. Home range overlap of an adult female and her offspring, a subadult male. Lighter colours represent the home ranges of each individual, and
the darker colours represent the core areas of that animal within their home
range.
Male 1 used 52 sleeping trees over 114 days while still sleeping with
his mother, with a maximum of seven times reusing a sleeping tree. Once
sleeping without his mother, only 31 trees were used over 121 days, with one
tree used a maximum of 22 times (Fig. 6). Only four of the trees slept in
without his mother were ones she was never recorded in during the study.
Early dispersal therefore nearly significantly affected sleeping site reuse (Oneway ANOVA, p=0.055).
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Figure 6. Sleeping site usage of sub-adult Male 1 with mother and without.
Each circle represents a different sleeping site tree. The larger the circle the
more times the loris used the tree as a sleeping site.
Sleeping site selection
The maximum spread of sleeping sites for when the females had an
infant of varying age and for when they had no infant is displayed in Table 2.
The maximum spread for when Female 1 and Female 2 had no infant was
715.9 m and 219.9 m respectively. When the females had an infant present
the maximum spread of their sleeping sites was significantly reduced (Chisquared test, Female 1 with 2014 infant, X2= 1087.617; df= 7; p<0.0001,
Female 1 with 2015 infant, X2= 817.0933; df= 3; p<0.0001 and Female 2 with
2015 infant, X2= 94.5161; df= 3; p<0.0001). The maximum spread when
Female 1 had a dependent offspring ranged from 87.7 - 367.9 m and for
Female 2 it ranged from 62.0 - 143.8 m.
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Table 2. Maximum spread of Philippine slow loris (N. menagensis) sleeping
sites using the furthest nearest-neighbour points depending on the age of the
infant and when a female had no infant. Female 1’s infant from 2015 was lost
presumably to predation at the age of three months and Female 2’s infant
only reached three months by the end of the study period, therefore no data
was recorded for these females after this point.

Age of Infant
No infant
0-1 month
1-2 month
2-3 month
3-4 month
4-5 month
5-6 month
6-7 month

Maximum spread of sleeping sites (m)
Female 1 infant
Female 1 infant
Female 2 infant
2014
2015
2015
715.9
715.9
219.9
367.9
120.6
143.8
249.6
158.7
62.0
222.8
178.4
118.9
166.9
101.1
87.7
203.6
-

High canopy cover (75-100%) was a significant variable lorises were
selecting based on the overall characteristics of trees within the home range
(Drop test, p<0.05). All the other variables showed no significant relationship.
Noise was the only variable found to have a significant effect on sleeping site
selection when the lorises had an infant at a certain age (p<0.05). The noise
category was its highest when the infant was its youngest (Appendix 2).
Tree species was a significant factor effecting sleeping site selection
for each female (Female 1, Chi-squared test, X2= 1145.441; df= 21; p<0.0001
and Female 2, Chi-squared test, X2= 101.2135; df= 9; p<0.0001). Female 1
had 22 tree species identified as sleeping sites and Female 2 had nine. In
total, 82 trees (23.1% of total) could not be identified and were therefore not
included in the analyses. For Female 1, Pterospermum diversifolium and
Mallotus muticus were the two most commonly used tree species as sleeping
sites. Female 2 selected Vitex pinnata, Antidesma thwaitesianum and Colona
serratifolia as her preferred tree species (Fig. 7).
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Figure 7. Tree species effects on sleeping site selection of two female
Philippine slow lorises (N. menagensis), showing the proportion of times they
slept in each known tree species.

DISCUSSION
The slow loris density estimate and encounter rate from this study of
8.9 lorises/km2 and 0.03 lorises/km are one of few estimates available for
lorisiformes (Nekaris et al., 2014). For Nycticebus spp. their estimates span
from 0.03-4.0 lorises/km (Nekaris et al., 2008). However, many of these
encounter rates are from specifically selected sites where lorises are known to
be in high abundance, giving inaccurate estimates (Wien and Zitzmann,
2003). When these sites are excluded, encounter rates range from 0.02-1.63
lorises/km (Nekaris et al., 2008). The results from this study are therefore at
the lower end of relative abundance. Conversely, when looking at results of
previous studies on N. menagensis, our estimate is higher. A previous survey
that was carried out at DGFC gave a density estimate and encounter rate of
5.1 lorises/km and 0.1 lorises/km (Munds et al., 2013a) and other studies
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found a range of encounter rates between 0.02-0.19 lorises/km. This higher
estimate may be down to observer technique (Nekaris et al., 2008), the
animals may be getting used to observers and are not fleeing or hiding as
quickly (Munds et al., 2013a), or rather the number of individuals has
increased making encounters more likely. Nonetheless, this increase in the
estimate for the area surrounding DGFC is promising for loris conservation
and shows just how valuable these protected areas are.
This study used the adaptive local convex hull method (a-LoCoH) to
calculate the home range of the study animals. This method gave home range
estimates of 6.15 ha for Female 1, 2.29 ha for Female 2 and 1.45 ha for Male
1. Core areas were also calculated for each individual of 1.09 ha, 0.65 ha and
0.12 ha respectively. The LoCoH method is believed to be superior to other
home range estimation methods as it draws directly upon the actual spatial
structure of data that may be influenced by hard boundaries and irregular
exclusionary areas in the environment (Sawyer, 2012). They also construct
utilization distributions which represent the probability of finding an animal in a
defined area within its home range (Getz et al., 2007). A commonly used
method, the minimum convex polygon (MCP), is constructed by connecting
the outer locations to form a convex polygon, and therefore includes
drawbacks such as overestimation of area, high sensitivity to outliers and
incorporation of unused areas (Grueter et al., 2009). Regardless of this,
LoCoH methods are still fairly new in home range estimation studies (Getz
and Wilmers, 2004) and therefore MCP remains the most frequently used
method of home range estimation due to its simplicity and the notion that it is
easily comparable across studies (Sawyer, 2012). For example, Wiens and
Zitzmann (2003b) used MCP to calculate home ranges of 13 Sunda slow
lorises (N. coucang). There are no published studies on slow loris home
ranges using LoCoH, making this a first for loris conservation.
The estimates of home range size for this study, irrespective of the
different home range method used, are similar to the findings of that of
another loris home range study. Wiens and Zitzmann (2003b) found that
habitat type affected home range size, with a range from 0.4 ha in primary
forest to 25 ha in padang savanna. The mean female home range estimation
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from this study of 4.22 ha lies in between the two estimates for female lorises
in logged forest from Wiens and Zitzmann (2003b), of 4.1 ha and 4.8 ha.
However, when looking at the females individually, Female 1’s home range
was much larger than Female 2. One explanation for this may be that more
locational points were used to calculate Female 1’s home range, as she was
followed for longer (1046 points compared to 419). Furthermore, the home
range for Female 1 includes both wet and dry seasons, but as Female 2 was
only caught in March, the home range does not include the wet season, and
seasonality and rainfall are known to have an effect on home range use of
primates (Sylviane et al., 2011). Finally, Female 2 was caught when she was
almost to term in her pregnancy, therefore the distance travelled during the
night and between sleeping sites may have been reduced due to the weight of
carrying the pregnancy. The sub-adult male had the smallest home range as
expected (Wiens, 2002), showing that age has an effect on home range size.
No dispersal events were seen during the study period, which was most likely
down to the age of the individual. Male 1 only reached 11 months of age;
studies for other loris species have shown dispersal events occurring around
sexual maturity (~16-27 months) (Wiens and Zitzmann, 2003b). Therefore, a
longer study and on more individuals is required to calculate home range
sizes for N. menagensis.
The lorises were found to be primarily solitary, but other individuals
were observed within the ranges of the three focal animals, supporting
findings from other studies that home ranges overlap (Wiens and Zitzmann,
2003b; Nekaris and Bearder, 2007). During the night tracking, individuals
were seen in close proximity to others, but never coming into contact except
on one occasion, where a male slow loris interacted with Female 1 after the
recent loss of her infant. Other lorisids have been observed to sleep singly, in
duos, and in trios (Wiens, 2002). However, only on a few occasions were any
of the slow lorises in this study recorded sleeping with another individual that
was not their infant. Female 2 was observed sleeping with her infant and an
unknown loris, whereas Female 1 was observed sleeping with the male loris
she interacted with that night. These findings make this study the first to
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observe N. menagensis sleeping in duos and trios, suggesting that they are
more gregarious than previously thought (Wiens and Zitzmann, 2003b).
Female 1 and her offspring, Male 1, had a large overlap of their home
ranges and core areas. The offspring shared a greater area of his range with
the female, which shows similar results to that found by Wiens and Zitzmann
(2003b). Once sleeping independently, they were observed regularly during
the night to interact which could be explained with their similar core areas.
Radhakrishna (2002) supports this observation by stating that social
organisation in most lorisid species is based on the relationships between
individual home ranges. One important factor contributing to this sharing of
space between slow lorises may be that chances of successful dispersal are
low (Wiens and Zitzmann, 2003b). Both Female 1’s infants from 2014 and her
most recent infant support this statement, with them both presumably being
victim to predation.
Reuse of sleeping sites was nearly significantly higher when Male 1
was sleeping independently compared to when he was still with his mother.
With one tree used a maximum of 22 times, compared to just seven times
when he was with Female 1. Sleeping site usage when a female slow loris
has an infant has been shown to be significantly higher than without (Wilson,
2014), and with the findings from this study nearly significant, it can be said
that reuse is dramatically higher than normal. Out of all of the trees Male 1
was sleeping in once he was independent, only four of these were trees his
mother was never recorded in during the study. These results suggest that the
infant was learning from his mum as to what is regarded as safe by using
trees which they had slept in together (Wiens and Zitzmann, 2003a). The high
reuse also supports this, with high reuse observed to reflect a reduced
pressure of predation due to the effectiveness of anti-predation through
sleeping site selection (Lui and Zhao, 2004).
There was a significant difference between the maximum spread of
sleeping sites when the females had an infant and when they did not. When
an infant was present the spread of trees was reduced. A similar affect was
also found by Wilson (2014), who found that distance travelled by N.
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menagensis between sleeping sites was significantly reduced when an infant
was present. This may be due to the infant parking and carrying behaviour
observed in the Lorisinae subfamily (Ross, 2001). When the infants are first
born and at their lightest, their mothers may be able to travel further
explaining the larger spread within the first month of the infant’s life. During
this study infants were first observed moving independently at approximately
two months of age, albeit not adeptly, supporting other studies showing
inactivity of slow loris infants for the first 6-8 weeks (Ehrlich and Macbride,
1989). Although moving independently, Female 1 was still observed carrying
her offspring when he was of a similar size at approximately six months of
age, as he was not strong enough or coordinated enough to move between
trees. Infant carrying therefore occurs till quite late on in infant development,
supporting the results of a reduction in the distance travelled between
sleeping sites, especially after the first month.
Sleeping sites were clustered in one small area for the females when
an infant was present, which is supported by the smaller maximum spread of
sleeping sites when the females had an infant. When slow loris mothers park
their infants at night, they must return to the sleeping tree from the previous
day at the end of the night to collect their infant (Ross, 2001), explaining
further why they would sleep close to where they slept the previous day. This
information could explain higher sleeping site re-use (Wilson, 2014). In this
study, Female 1 used one tree for five consecutive days and Female 2 used
two trees for three consecutive days. Using a small number of sleeping sites
within a small area could be beneficial to the loris mothers. Similarity with a
sleeping location could be useful for escaping from a predatory attack (Cui et
al., 2006). Also, with the time and energy required in finding a suitable tree, it
may be easier to re-use a tree if it is already considered safe (Di Bitetti et al.,
2000).
High canopy cover was found to be the only significant factor in
sleeping site selection of N. menagensis when compared with neutral plots.
These trees may be being selected to provide protection from aerial predators
by obscuring the primates in a complex physical array of vegetation (Cui et al.,
2006). This dense foliage may also help in providing camouflage (Nekaris and
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Bearder, 2007). The age of offspring was also found to have a significant
effect on what trees the female lorises chose to sleep in. With the infants
being completely immobile in the first stages of their life (Ehrlich and
Macbride, 1989) and the females parking them from day one (Ross, 2001),
the tree they are left in has great importance in the survival of the offspring.
When the offspring were at their youngest and most vulnerable, sleeping sites
where noise disturbance was at its highest were chosen. Level of noise
disturbance was based on human activities in the habitat, therefore a higher
disturbance may cause population decline of predators (Lui and Zhao, 2004),
thus being another anti-predator strategy. All sleeping trees showed
connectivity. As slow lorises cannot leap or jump, canopy continuity including
vines and lianas is vital for them to move through the forest (Nekaris and
Bearder, 2007). Canopy continuity has been proposed as an important factor
in determining loris and other arboreal mammal abundance (Laurance et al.,
2008). Several studies have found that when forest canopy becomes more
open, proportionally less small mammal abundance and biomass is comprised
of arboreal species (Malcolm, 2004; Laurance et al., 2008).
Tree species was a significant factor affecting sleeping site selection,
although the tree species selected was different for each loris. For Female 1,
Pterospermum diversifolium and Mallotus muticus were the two most
commonly used tree species as sleeping sites, whereas Female 2 selected
Vitex pinnata, Antidesma thwaitesianum and Colona serratifolia. This may be
due to the difference in habitat types they occupied; Female 1 occupied a
seasonally inundated habitat whereas Female 2 occupied a dry lowland
forest. Therefore the large M. muticus trees found in frequently flooded areas
(Boonratana, 2003) are not found in dry lowland. All five of these tree species
are tall trees with high canopy coverage (Scott, 1989). This study has shown
these variables to be significant between sleeping trees and neutral trees, and
Wiens (2002) speculated that lorises favour sleeping sites with dense foliage.
These results may suggest that lorises choose these certain characteristics
rather than the species itself.
Although there are many difficulties associated with studying nocturnal
species (Wiens and Zitzmann, 2003), this study has provided an updated
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insight into the density, home range, habitat usage and behaviour of the
Philippine slow loris. The recorded increase in density provides us with one of
few estimates available for this cryptic species, showing how this vulnerable
species is surviving and adapting in their fragmented habitat. However, a
longer census may provide a more accurate density estimate as it would
increase the chances of encountering all individuals. Although this study was
limited due to a small sample size, significant patterns of behaviour and
habitat use have been observed. Canopy cover and noise disturbance was
shown to be highly important in sleeping site selection by providing protection
from predators. Future work of incorporating different habitats and a larger
sample size, will give further insight about the effect habitat quality has on
lorises. Home range overlap between adults and their related offspring may
occur because the chances of successful dispersal are low. However, sex
could not be determined as an influencing factor on home range size due to
the differing ages of the focal animals. Future studies could combat this issue
by having a larger sample size and by following adult male slow lorises.
Continuing and improving the home range and behavioural studies of
Philippine slow lorises can gain knowledge about these understudied and
fascinating species.
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APPENDIX
Appendix 1. Choosing the most appropriate a value for the adaptive local
convex method (a-LoCoH) using the minimum spurious hole covering (MSHC)
technique. The a-LoCoH method was chosen as it constructs more robust
UDs, because it is the most insensitive to suboptimal value choices for its
kernel parameter (Getz et al. 2007).
Getz et al. (2007) recommended beginning with an a value that is the
maximum distance between the furthest nearest-neighbour points. Using this
as a starting point for an a value, a home range estimate in the form of a PDF
was created. Values above and below this distance were then also used to
find the best representation of the females home range using the minimum
spurious hole covering technique. This technique involves changing the value
of a until the area calculated avoids non-existing holes in the distribution. This
requires sufficient knowledge on the distribution area and ecology of the
species, to allow the recognition of biologically significant limits or barriers in
the home range. Due to the accessibility of the small home ranges of these
animals, any areas where holes appeared were checked to see if they were
viable. Below, the different a values that were tried and tested for each
individual are shown.

Female 1
The maximum distance between the furthest nearest-neighbour points for
female 1 was 710 m. From trying different values, an a value of 550 was
selected for the best representation of female 1’s home range.
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a = 570

a = 550

a = 650

a = 600

a = 710

a = 700
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a = 800

Female 2
The maximum distance between the furthest nearest-neighbour points for
female 2 was 347 m. An a value of 390 was selected for female 2.

a = 330

a = 350
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a = 410

a = 430

Male 1
The maximum distance between the furthest nearest-neighbour points for
male 1 was 330 m. The best representation of male 1’s home range used an
a value of 350.

a = 270

a = 290
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a = 320

a = 350

a = 330

a = 360
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Appendix 2. An Ordinal Logistic Regression was run to assess what variables
affect sleeping site selection of the mothers when they have an infant at a
certain age. The dependent variable was ordinal (age categories of the infant
and when the mother had no infant). Height, DBH, canopy coverage and
noise were used as independent variables. All trees in this analysis were
connected, so connectivity was excluded from the model. Table 1 and 2 show
the results from this model, along with the drop test in order to see overall
significance of each independent variable.
Table 1. Coefficient values from the Ordinal Logistic Regression model run to
assess what variables affect sleeping site selection of the Philippine slow loris
(Nycticebus menagensis) mothers when they have an infant at a certain age.
Value

Std. Error

t value

Height

-0.015810

0.027402

-0.5770

DBH

0.003297

0.007505

0.4393

Coverage2

0.233176

0.784487

0.2972

Coverage3

0.725017

0.788215

0.9198

Coverage4

0.930663

0.828554

1.1232

Noise2

-2.204976

0.514863

-4.2826

Noise3

-3.330503

0.541774

-6.1474

Noise4

-4.532758

0.643165

-7.0476

Table 2. Single term deletions run after the Ordinal Logistic Regression model
in order to see overall significance of variables that affect sleeping site
selection of the Philippine slow loris (Nycticebus menagensis) mothers when
they have an infant at a certain age.
Df
<none>
Height
DBH
Coverage
Noise

1
1
3
3

AIC
522.58
520.92
520.78
519.90
579.40

40

LRT

Pr(>Chi)

0.335
0.193
3.311
62.814

0.5630
0.6603
0.3461
1.471e-13 ***

