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Abstract

Long-tailed macaques (Macaca fascicularis) inhabit a wide range of natural and human-
modified environments in Southeast Asia. Because of their ability to occupy the same
space and utilise the same food resources as humans, long-tailed macaques have in
some cases been regarded as nuisance and pest. As part of an effort to assess the
status of human-macaque interactions in the main campus of Universiti Malaysia Sabah
(UMS), we conducted a survey to determine the distribution range and estimate the
abundance of the macaque population. We performed the survey monthly from April
2019 to March 2020 at 13 localities classified into three different habitat types i.e.
secondary forest, forest edge and urban areas identified in the campus and its vicinity.
The survey covered an overall area of 6.02 km?. We recorded the group or individual
locations and the number of macaques with each individual's age/sex information
whenever possible. The macaques consisted of three different multimale-multifemale
groups and a solitary individual. We recorded a minimum population size of 54
macaque individuals with an average group size of 17.7 individuals and a population
density of 8.97 individuals/km? in the surveyed areas. Macaques were encountered
every month and in all habitat types defined in this study. However, they were mainly
distributed at two habitat types i.e. urban areas and forest edges near Bukit UMS and
the student residential colleges where anthropogenic influence appeared to be high.
We speculate that the monthly availability of food resources, including anthropogenic
food waste, may partly explain this distribution pattern. We suggest that further
studies is conducted in this regard.
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Introduction

Human-wildlife interactions are a growing concern worldwide (Dickman, 2010;
Distefano, 2005; Soulsbury & White, 2016). To effectively manage the
interactions, accurate knowledge on the distribution range and abundance of
the animals is crucial (Dickman, 2010; Greggor et al., 2016; Redpath et al.,
2013; Swan et al., 2017).

Across Southeast Asia’s mainland and islands, the long-tailed macaque, Macaca
fascicularis, is considered one of the most successful species of primates as
they are widely distributed (Abegg & Thierry, 2002). Based on Mittermeier et
al. (2013) and an updated checklist published in Roos et al. (2014), the species
can be found in present-day Bangladesh, Myanmar, Laos, Thailand, Vietnam,
Cambodia, Philippines, Malaysia, Singapore, Brunei, Indonesia and Nicobar
Islands of India. There are currently at least 10 recognised subspecies,
including M. f. aureus (Geoffroy, 1831), M. f. philippinensis (Geoffroy, 1843),
M. f. tua (Kellogg, 1944), M. f. atriceps (Kloss, 1919), M. f. condorensis (Kloss,
1926), M. f. lasiae (Lyon, 1916), M. f. umbrosus (Miller, 1902), M. f. fuscus
(Miller, 1903), M. f. fascicularis (Raffles, 1821) and M. f. karimondjawae
(Sody, 1949).

In Malaysia, long-tailed macaques have been reported in Peninsular Malaysia
and the states of Sabah and Sarawak on Borneo Island (Roos et al., 2014).
Similar to the distribution reported in India, Indonesia, Mauritius, Singapore
and Thailand, they are commonly found in riparian zones, coastal forests,
mangrove forests, low elevation secondary forests, forest periphery near
villages, agricultural plantations and urban/suburban areas, including
recreational parks and other tourist attractions (Eudey, 2008; Fooden, 1995;
Fuentes et al., 2011; Gumert, 2011; Gumert et al., 2011; Gumert et al., 2012;
Hambali et al., 2012; Hansen et al., 2019; Jamhuri et al., 2018; Kurland, 1973;
Malaivijitnond & Hamada, 2008; Otani et al., 2020; PERHILITAN, 2018; Riley et
al., 2015; Saaban et al., 2014; Sha et al., 2009; Southwick & Cadigan, 1972;
Sussman & Tattersall, 1986; Tee et al., 2019; Umapathy et al., 2003). This is
most likely due to the availability and easy access to resources, especially food
provisioning by humans, whether directly or indirectly, that leads to
adaptation and adjustment of their behaviour to live near anthropogenic
influences and, hence, interaction with humans. Indeed, on a larger scale in
Peninsular Malaysia, 56,786 complaints or 66% of all reported human-wildlife
conflict complaints from 2006 to 2015 involved long-tailed macaques (Saaban
et al., 2016). Similarly, in 2016, the long-tailed macaque was the most
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reported species, with 4,237 complaints or 63% of 6,769 complaints recorded
(DWNP, 2016).

Small scale studies have been conducted on some populations in urban areas,
particularly university campuses and nature parks in Peninsular Malaysia.
Findings reported nuisance behaviour such as foraging at waste areas, littering,
entering buildings and displaying aggression towards humans (Hambali et al.,
2012; Md-Zain et al., 2011). To manage these issues, the Department of
Wildlife and National Parks (DWNP) in Peninsular Malaysia have used various
approaches, including culling and trapping of individual macaques (DWNP,
2016; Lappan & Ruppert, 2019; Saaban et al., 2016). Campaigns and awareness
programs were also launched, resulting in the setting up of educational
signages to improve public education about macaque behaviour, the
introduction of macaque-proof bins and the development of manuals and
action plans for managing human-macaque conflicts (Saaban et al., 2016).
However, these actions' effectiveness, impacts and sustainability on managing
human-macaque conflicts, in the long run, are unknown and will urgently
require further assessments. Given the increasing proximity of the long-tailed
macaque populations to anthropogenic activities and environments, this
species is expected to remain among the top most reported species in human-
wildlife conflicts in Malaysia in the future.

Long-tailed macaques inhabiting the Universiti Malaysia Sabah’s (UMS) main
campus are no exception; students and staff have complained reported to the
student councils and the UMS management, particularly the management of
student residence, regarding the nuisance behaviour of macaques. To date,
however, there are no comprehensive studies conducted on the long-tailed
macaque population in the campus and its vicinity. Therefore, the present
study was conducted to determine the distribution range and estimate the
abundance of the macaque population as an initial effort to assess the status
of human-macaque interactions in and around the campus area. In this article,
we report the long-tailed macaque distribution and abundance.

Methodology

Study Area

Our study area is located at Sepanggar Bay in Kota Kinabalu, Sabah, Malaysia
(Figure 1). For nearly three decades until the present time, the bay has been
developed as part of an urban expansion of the metropolitan area of Kota
Kinabalu. Some of the most notable landmarks include the main campus of
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Universiti Malaysia Sabah (UMS), Sabah Federal Government Administrative
Complex, Sabah State Legislative Assembly building, residential areas and
various supporting infrastructure.

Our main survey sites were located at the centre of Sepanggar Bay, where the
main campus of UMS (6.036276°, 116.115700°) was established in 1999. The
study covered a total area of 6.02km?, with 4.22 km?inside the border of UMS
campus, whereas the remaining 1.80 km? is outside of the campus area (Figure
1). Secondary forest, coastal forest, forest edge, residential and commercial
buildings, roads and other urban structures make up the general landscape of
the study site (Figure 2). Most of the infrastructural development took place in
the southern and eastern parts of the campus. In contrast, the northern part
consists of an isolated secondary forest fragment occupying the Outdoor
Development Centre (ODEC) (6.042845°, 116.112109°) near the coast and the
highest peak, Bukit UMS (6.042426°, 116.119485°) at 205m a.s.l.

Sepanggar Island

Gaya Island

Google Earth

6.048833° lon 116:117806° elev 137m eyealt 20.49 km

Figure 1. Map of study area and study site in the main campus of UMS and its vicinity,
Sepanggar Bay, Kota Kinabalu, where 4.22km? of the study site is in the shaded part bordered
with the white line while 1.80km? is the shaded part next to it (Google Earth, 2020).
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This study defined secondary forest as a continuous area of secondary
vegetation, including some planted tree species. We defined forest edges as
strips of vegetation that border the secondary forest between 50 - 100m in
width, whereas urban areas were defined as built environments contiguous
with the forest edges for human settlements and other activities. Based on
secondary information on localities where macaques were frequently
encountered in UMS, these areas were further divided into 13 localities to be
surveyed for long-tailed macaques (Figure 2). These localities were Forest
Zone 1 (FZ1), Forest Zone 2 (FZ2) and Forest Zone 3 (FZ3), representing the
secondary forest habitat type. Edge Zone 1 (EZ1), Edge Zone 2 (EZ2) and Edge
Zone 3 (EZ3) represented the forest edge habitat type, while Kolej Kediaman
Excellent (KKE), Kolej Kediaman Tun Fuad (KKTF), Kolej Kediaman Tun
Mustapha (KKTM), Institute for Tropical Biology and Conservation (ITBC),
Chancellery, Jalan Samudera and non-UMS areas represented the urban area
habitat type.

Data Collection

We used the general physical characteristics and age-sex classification of long-
tailed macaque described by Fooden (1995; 1997) and Poirier & Smith (1974) to
identify the individual macaques and distinguish the different macaque groups
in this study (Table 1).

Systematic surveys were conducted monthly from April 2019 to March 2020 by
walking along existing trails and other pathways at the 13 localities in the
secondary forest, forest edge and urban areas. Long-tailed macaques were
detected using direct sighting, vocalisation, movement sound or the presence
of their faeces or food waste on the ground. When a group or an individual
macaque was sighted, we (YYZ and assistant) recorded the location
coordinates using a handheld GPS receiver. The number of visible individuals
were counted, aided by a pair of binoculars and followed as much as possible
to identify the group-type or solitary individual. To assist in group recognition,
the key individuals were noted for their unique features. Other distinguishing
characteristics of the group, such as the number of mothers with an infant,
were also noted. The age-sex class of each individual was identified if possible;
otherwise, they were marked as unknown. The group type was recorded as
either multimale-multifemale group or all-male group. Observations of a single
adult male individual were categorised as solitary male. In addition, other
opportunistic observations of macaque groups or individuals outside of the
monthly systematic surveys were also recorded, including secondary sightings
by UMS students and staff.
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Table 1. Morphological traits of each age-sex class for the identification of Macaca
fascicularis.

Age-sex class  Morphological traits for identification

Adult male has long and narrow rostrum, large canine, fully developed
scrotum and descended testicles. Compared to adult female, length of
pelage is longer and body size is bigger. Length of head, body and skull are
also greater.

Adult female has shorter pelage and smaller body size. Length of head, body
and skull are shorter. The sexual skin of pregnant female may swell or
redden and adult female that had previously given birth has elongated

Adult male

Adult female

nipples.
Subadult Body size of subadult is smaller than that of adult.
. Body size of juvenile is smaller than that of subadult and adult. It also has
Juvenile . . .
greater relative tail length, hind foot and ear length.
Infants less than 3 months old have blackish dorsal pelage and bare, pinkish,
unpigmented facial skin. Until it is approximately 3 months old, the dorsal
Infant . L . - .
pelage turns grayish or brownish in colour. Deciduous canines and first
molars will start to grow as it learns to obtain food independently.
Data Analysis

The group size of each macaque group was estimated from the maximum
number of visible individuals recorded during any one of the monthly surveys,
while the overall population size was estimated from the sum of the maximum
group size of each identified group and the solitary individuals. The age-sex
composition was estimated based on the number of adult male (AM), adult
female (AF), subadult (SA), juvenile (Juv) and infant (Inf).

Monthly macaque encounter rates were computed based on the following
formulas:

¥ = Z(n,+n,+n,+--n)
B N
Where, X is the mean frequency of encounters at all localities in month v i.e.
[ (Sample day)

- ], ny is the mean frequency of encounters at locality x in month y
surveyed locality

i.e. (M), and N is the number of surveyed localities in month y.

sample day
n, was calculated based on the formula:
_Z(nptn;+ng+eny)

n, = N
Where, ny is the frequency of encounter in sample day 7, and N is the number
of sample days in month y.
Macaque encounter rates were also expressed by localities and were calculated
based on the following formula:
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I t+ny+n,+ ooy
- N
Where, X is the mean frequency of encounters during all months at locality y

surveyed month

], ny is the mean frequency of encounters during month x at

locality vy i.e. (M), N is the number of surveyed months in locality y.

sample day

Landmark points . Bukit Tuah . UMS Urban habitat-type Forest-edge habitat-type Forest habitat type
(@) Bukit Helang 1 e sukdt ums Study site building crop coast
B road landscape secondary forest
. Bukit Helang 2 —-nON-UMS
ODEC [0 others forest-edge B sea

— UMS

Figure 2. Map of our landmark points, study site borders and the localities and features of
each habitat type in the main campus of UMS and its vicinity (QGIS, 2018).

To generate the density distribution and heatmap of macaque in UMS campus
and its vicinity, we used the Quantum GIS 2.18.24 software (QGIS Development
Team, 2018) based on location coordinates data collected from the monthly
population surveys, personal sightings and other secondary sightings. We used
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the same software to show the overall distribution range of the identified
macaque groups and solitary individuals, based on the location coordinates of
each identified group and individual collected from the monthly population
surveys.

Results and Discussion

Number of macaque groups, number of solitary individuals, group size,
population size, age-sex composition

Overall, we sampled 75 days of population surveys over the 12 months survey
periods (i.e. 1-12 days of survey per month; monthly average surveys of 6.25
days). The monthly number of detected macaques ranged from 0 to 38
individuals. The monthly population surveys and other personal observations
and secondary sightings yielded 103 encounters of a group or individual
macaque.

Three macaque groups, namely Group A, Group B, Group C and a solitary
individual, were identified. Group A and B were identified based on the
number of infants they had, i.e. Group A had two infants, while Group B had
four infants. Both groups and the solitary male macaque were sighted at
different localities in the campus during a survey conducted in January 2020.
Group C was noted as a separate group based on personal observations and the
localities where the individual macaques in this group were sighted, which
were different from the usual localities where individuals of Group A and
Group B were sighted. The group size of Group A was 22 individuals, Group B
(21 individuals) and Group C (10 individuals). The estimated population size
was 54 individuals. The overall age-sex composition consisted of 8 adult males,
9 adult females, 12 sub-adults, 11 juveniles and 6 infants; 8 individuals were
unidentified (Table 2).

Table 2. The age-sex composition of the long-tailed macaque population where age-sex is
represented by adult male (AM), adult female (AF), sub-adult (SA), juvenile (Juv), infant (Inf)
and unidentified (UF).

Group/Individual Total individuals AM AF SA Juv Inf UF
Group A 22 3 5 5 6 2 1
Group B 21 3 4 7 2 4 1
Group C 10 1 0 0 3 0 6
Solitary 1 1 0 0 0 0 0
8 9 6 8

Total individuals 54




Population of Long-Tailed Macaques in UMS 193

Compared to the group size of long-tailed macaques reported in other
university campuses in Malaysia (Universiti Kebangsaan Malaysia: UKM;
Universiti Malaya: UM), the group size in our study was much smaller; the
mean group size in our study was 17.7 individuals (n = 3), whereas it was <
45.3 individuals (n = 7) in UKM and 49 individuals (n = 4) in UM (Md-Zain et al.,
2011; Osman, 1998). On the other hand, the group size range found in our
study i.e. 10-22 individuals was rather similar to the ones reported in non-
provisioned free-range long-tailed macaque groups that generally consume
natural food e.g. 19-25 individuals in Singapore (Sha and Hanya, 2013); < 25
individuals in Kalimantan, Indonesia (Yeager, 1996); and 10-30 individuals in
the wild (Fooden, 1995). This would probably be due to food resources and
seasonal provisioning. This information is essential for the future assessment of
the status of human-macaque interactions in UMS campus because direct (e.g.
being fed by humans) and indirect (e.g. anthropogenic food waste-eating)
provisioning both can typically affect primate demography. Access to energy-
rich artificial food generally leads to an increase in primate birth rate, possibly
inducing larger group sizes and greater dependence on anthropogenic food
(Rothman and Bryer, 2019), for example, in UKM (Ruslin et al., 2019) and Bukit
Melawati, Kuala Selangor (Mohd-Daut et al., 2021) of Peninsular Malaysia.
Therefore, even though macaques in UMS may not be highly dependent on
anthropogenic food, further evaluation of their dietary choices with detailed
food habits is necessary in future studies.

Macaque density, encounter rate and distribution range

Based on the estimated population size of 54 individuals in UMS campus and its
vicinity, the density of the macaque population estimated over an area of 6.02
km? was 8.97 individuals/km?. Macaques were sighted every month during the
study, except in May 2019 due to low sampling effort during that month (Figure
3). Although macaques were encountered in all habitat types as defined in our
study i.e. the secondary forest, forest edge and urban areas, the mean
frequency of encounters at the 13 surveyed localities varied markedly. Some
localities recorded no encounters of macaque, such as at non-UMS area, Forest
Zone 1 and Forest Zone 3. Macaques were most frequently encountered at
ITBC, followed by KKTF and Edge Zone 2 (Figure 4). In general, the macaques
were found to be mostly distributed at two habitat types i.e. the forest edges
consisting of Edge Zone 1 near Bukit UMS and Edge Zone 2 near the student
residential colleges, as well as the urban areas consisting of the student
residential colleges i.e. KKE, KKTF, KKTM, ITBC and Chancellery (Figure 5,
Figure 6).
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Figure 3. Macaque encounter rate i.e. mean monthly frequency of encounters (+ standard
deviation) with macaque groups or solitary macaque from April 2019 until March 2020.
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Figure 4. Mean frequency of encounters (+ standard deviation) with macaque groups or
solitary macaque at the 13 surveyed localities.
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Figure 5. Heatmap of macaque distribution in the main campus of UMS and its vicinity from
April 2019 to March 2020, with hotspots represented based on the density distribution of the
data points i.e. location coordinates collected from the population survey,

observations and secondary sightings.
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Figure 6. Map of macaque distribution range (red dots) in the main campus of UMS and its
vicinity from April 2019 to March 2020, with (a), (b), (c) and (d) represented based on
location coordinates of Group A, Group B, Group C and solitary individual collected from
population survey.



Population of Long-Tailed Macaques in UMS 197

The population density of macaques in our study was lower than that recorded
in Singapore i.e. 28.2 individuals/km? (Sha et al., 2009). As discussed in Sha et
al. (2009), even the macaque density in Singapore was much lower than that in
other areas like Hong Kong, Bali and Pulau Penutjang off Java, suggesting that
the population of long-tailed macaques in UMS campus may not be beyond its
carrying capacity. However, since the macaques in UMS were mainly
distributed near areas of high human activities (i.e. in the forest edge and
urban areas), rather than in the secondary forest, the macaques may simply be
more visible in the campus, thus giving a false impression that macaques in the
campus area are abundant. Although further studies are needed to elucidate
the different types of interactions between humans and macaques on UMS
campus, it is essential to monitor the changes in the population density of the
macaques. This is to ensure that potential increase in human-macaque
interactions resulting from increased macaque population density could be
minimised, preventing a more severe human-macaque conflict in the future.

The fact that the encounter rates of macaques varied widely temporally and
spatially, as found in this study, suggests that the macaques in UMS prefer to
utilise different localities in different months during the study period. The
availability of anthropogenic food waste, due to indiscriminate disposal in the
campus may potentially affect the distribution patterns of the macaques,
especially during certain months in urban areas and forest edge localities near
student residential colleges, where the amount of anthropogenic food waste is
expected to increase or decrease significantly, depending on the presence or
absence of students during the academic semester or off semester periods.

Conclusion and management implications

The present study has provided some basic information about the distribution
and abundance of the long-tailed macaque population that would be
instrumental in assessing the status of human-macaque interactions in UMS, so
that any negative impacts brought about by such interactions can be
ameliorated. In summary, results from the present study showed that long-
tailed macaques were found in UMS campus area and its vicinity with an
estimated population size of 54 animals and a density of 8.97 individuals/km?2.
Three groups and a solitary male were present during the study, with group
size ranging between 10-22 individuals. Based on our comparison with other
studies on macaque populations elsewhere, the population density of long-
tailed macaques in UMS campus was generally low and likely to be below its
carrying capacity. Furthermore, the macaques were encountered more often in
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the forest edge and urban areas where anthropogenic activities are high during
certain periods, especially near residential colleges during the academic
semesters.

In conclusion, while it is imperative to do more detailed studies, especially on
the factors influencing long-tailed macaques monthly distribution patterns in
relation to the availability of anthropogenic food waste and natural food in the
forest, we suggest the following initial actions should be implemented: firstly,
we recommend that the authorities in UMS take appropriate action to make
students and staff aware that they should not feed the macaques, directly or
indirectly; secondly, educational programmes about the negative impacts of
provisioning on the ecology of long-tailed macaques should be endeavoured
(e.g. Sha et al., 2009); thirdly, proper management and disposal of
anthropogenic food waste including using macaque-proof bins or bin with
latches should be implemented at macaque hotspots (Animal Neighbours
Project, pers. comms.; Hambali et al., 2019).
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