
Mammalian Biology 94 (2019) 48–53

Contents lists available at ScienceDirect

Mammalian  Biology

jou rn al h om epa ge: www.elsev ier .com/ locate /mambio

Original  investigation

The  effect  of  oil  palm  agricultural  expansion  on  group  size  of

long-tailed  macaques  (Macaca  fascicularis)  in  Peninsular  Malaysia

Sze  Ling  Teea, Ahmad  Solihhina, Shahidin  A. Juffirya, Tengku  Rinalfi  Putrab,
Alex  M.  Lechnerc, Badrul Azhara,d,∗

a Faculty of Forestry, Universiti Putra Malaysia, 43400 Serdang, Selangor, Malaysia
b Faculty of Veterinary, Universiti Putra Malaysia, 43400 Serdang, Selangor, Malaysia
c School of Environmental and Geographical Sciences, University of  Nottingham Malaysia Campus, 43500 Semenyih, Selangor, Malaysia
d Biodiversity Unit, Institute of Bioscience, Universiti Putra Malaysia, 43400 Serdang, Selangor, Malaysia

a  r  t  i c l  e  i  n f o

Article history:

Received 22 March 2017

Accepted  17 December 2018

Available online 18 December 2018

Handled by Jan Okrouhlik

Keywords:

Oil palm

Large-scale plantation

Logged  forest

Long-tailed macaque

Smallholdings

Unlogged  forest

a  b  s  t  r a  c t

Large-scale  expansion  of  oil  palm (Elaeis guineensis)  monocultures  across Southeast  Asia  are  creat-

ing  ecosystems  with  homogenous  habitats  with  low species  diversity.  However,  heterogeneity  varies

between  oil  palm  smallholdings and  large-scale  plantations,  with  greater  habitat  heterogeneity  found

on  smallholdings.  To  date, there has  been  a  paucity of field  research  on primate  species,  particularly

macaques  in  oil palm  plantations.  In  this study, we investigate  the  group size  of  long-tailed  macaques

(Macaca  fascicularis) in four habitat types:  unlogged forest,  logged  forest,  large-scale  oil  palm  plantations,

and  smallholdings.  Field censuses  were  conducted  in 2015 and 2016  to determine  the  group size  of  M.

fascicularis  in large-scale  oil  palm  plantations  and  oil palm  smallholdings.  These data  from  oil  palm  plan-

tations  were  compared  to surveys  conducted  on a logged  lowland  forest  reserve  and  a previous study

in  an  unlogged  lowland  forest. We found  that group  size  of  M.  fascicularis in large-scale  plantations  was

lower  compared  to  smallholdings,  logged forest  and  unlogged forest. The chi-square  test showed  that  the

age  class  (juvenile  or  adult) of  M.  fascicularis  was associated  with farming  systems.  The  paper  concludes

that  the  expansion  of large-scale  oil  palm  monocultures  should  be  limited  because  of  its  adverse impacts

on  biodiversity  including  common species  such  as  M.  fascicularis.

©  2018 Deutsche  Gesellschaft  für  Säugetierkunde.  Published  by  Elsevier  GmbH.  All rights  reserved.

Introduction

Tropical rainforest landscapes are home to a diverse range

of flora and fauna, however, habitat loss and fragmentation are

leading to massive biodiversity losses, largely from agricultural

expansion (Laurance et al., 2002; Anderson et al., 2007; Koh and

Wilcove, 2008; Bernard et  al., 2009; Wilcove and Koh, 2010; Adila

et al., 2017; Tee et al., 2018). In tropical South-east Asia, oil palm

agriculture is  one of the main drivers of deforestation (Fitzherbert

et al., 2008; Yaap et al., 2010; Linder, 2013; Linder and Palkovitz,

2016), degrading its biodiversity-rich landscapes (Fitzherbert et al.,

2008; Koh and Wilcove, 2008; Azhar et al., 2011; Linder, 2013;

Gallmetzer and Schulze, 2015). The remaining wildlife is found

in fragmented and low-quality habitats, leaving species at risk of

extinction (Bernstein et al., 1976; Anderson et al., 2007; Gallmetzer
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and Schulze, 2015) and forcing some species to modify their nat-

ural behaviours to  survive (Yaap et al., 2010; Gumert et al., 2011;

Sha and Hanya, 2013a; Ancrenaz et al., 2015).

Biodiversity loss in South-east Asian oil palm production land-

scapes is a  major concern (Koh and Wilcove, 2008; Azhar et al.,

2011, 2017; Linder et al., 2013) with monoculture oil palm plan-

tations characterised by low-quality and species-poor habitats,

which sustain a small number of ẅinners̈pecies (Smart et al., 2006).

A ẅinners̈pecies is  a  geographically widespread species that is an

ecological generalist, characterized by omnivory, high population

growth rates and the ability to thrive in human-modified land-

scapes (Smart et al., 2006; Hoffmann and Sago, 2011; Tabarelli et al.,

2012).

Research on the impacts of oil-palm plantations have been

carried out on birds, amphibians, reptiles, and rodents, yet  little

attention has been given to primate species, especially mon-

keys which are often found utilitising plantations (Azhar et  al.,

2011; Gillespie et al., 2012; Azhar et al., 2014; Gallmetzer and

Schulze, 2015). In  particular, no research has been conducted on

the impact of oil-palm plantations on the long-tailed or crab-eating
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Table  1
The  summary of the study sites.

Location Area (ha) Status Vegetation Type Study Period Reference

Krau Wildlife Reserve

(3◦42’53.33N̈,  102◦15’50.76Ë)

60,394 Primary forest Lowland evergreen dipterocarp.

Poor  in dipterocarps but rich in

Leguminosae

July 1974 to

January  1976

Aldrich-Blake

(1980)

Ayer  Hitam Forest Reserve

(3◦ 1’9.76N̈,  101◦38’38.25Ë)

1,176 Logged forest patch. Lowland dipterocarp July to December

2012

Current study

Tanjung  Karang, Selangor

(3◦22’37.82N̈,  101◦12’45.46Ë)

7,810 Oil palm smallholding

operated by smallholders.

Either monoculture oil palm trees

or polyculture (oil palm, Musa sp.,

Cocos nucifera, Manihot esculenta,

and fruits trees

July to August 2015 Current study

Bukit  Pasir, Muar, Johor

(2◦ 9’51.77N̈, 102◦43’18.93Ë)

1,690 Large-scale oil palm plantation

operated by RSPO-certified

plantation company.

Monoculture oil palm trees January to

February 2016

Current study

macaque (Macaca fascicularis), a common, widespread primate

found throughout Southeast Asia. Studies on M. fascicularis have

been conducted on populations in Southeast Asia, India, Mauritius,

and Micronesia (Poirier and Smith, 1974; Fittinghoff, 1978;

Wheatley, 1978; Sussman and Tattersall, 1986; Malaivijitnond and

Hamada, 2008; Sha et al., 2009; Narasimmarajan and Raghunathan,

2012; Riley et al., 2015) but none in  oil palm plantations. Poten-

tially the impact on primates may  be less than on other species as

forest-agriculture ecotone habitats found in oil plantation may  pro-

vide alternative food sources (Riley, 2007). However, these habitats

might be limited where vegetation is  homogeneous as  in large-scale

oil palm plantations.

M.  fascicularis inhabits a wide range of habitat types from undis-

turbed virgin forests to highly human-disturbed areas such as

urban and agricultural landscapes (Wheatley, 1978). It is a gener-

alist species that benefit from habitat disturbances (Richard et al.,

1989; Malaivijitnond and Hamada, 2008; Gumert, 2011) and a well-

known pest that raids crops and harasses the public in recreation

areas (Richard et al., 1989; Riley, 2007; Eudey, 2008; Malaivijitnond

and Hamada, 2008). Research on M.  fascicularis is especially lim-

ited in Malaysia, however, there are some studies in forested and

urban areas (Southwick and Cadigan, 1972; Aldrich-Blake, 1980;

Karimullah and Anuar, 2012). In Peninsular Malaysia, there is  only

one study that has been conducted; in an unlogged forest at Kuala

Lompat in  the Krau Wildlife Reserve (Aldrich-Blake, 1980). M.  fasci-

cularis is listed as species of least concern in the IUCN Red List, while

in Malaysia it is listed as protected, yet it is  still illegally hunted.

This  study examines the effects of large-scale oil palm planta-

tion (OPP) on M. fascicularis populations. We  contrasted differences

in group size  between large-scale OPP and oil  palm smallholdings

(OPS), logged forest, and unlogged forest. Previous studies have

shown that large-scale OPP supports lower levels of biodiversity

than OPS and native forests (Azhar et al., 2011, 2014). We  pre-

dicted that large-scale OPP might support smaller M. fascicularis

group sizes than OPS, logged and unlogged forests. We  also inves-

tigated whether the various oil  palm farming systems (large-scale

OPP and OPS) affect the social organisation of M.  fascicularis. Our

study is important, as understanding M. fascicularis group sizes

in oil palm production landscapes is  pivotal in determining the

ecological impacts brought on by large-scale OPPs on faunal bio-

diversity.

Material and methods

Study  areas

Population surveys of  M. fascicularis were conducted in three

habitat types (Table 1) from 2012 to  2016 at: 1) large-scale OPP

(Bukit Pasir, Muar, Johor), 2) OPS (Tanjung Karang, Selangor) and

3) logged forests (Ayer Hitam Forest Reserve, Selangor) on the west

coast of Malaysia (Fig. 1). Data from these sites was compared to

a  baseline population survey of  unlogged forests from a previous

study at the Krau Wildlife Reserve (Kuala Lompat, Pahang) (Aldrich-

Blake, 1980).

The  study site at Bukit Pasir is  a large-scale OPP operated by a

major Roundtable on Sustainable Palm Oil (RSPO)-certified plan-

tation with an area of 1690 ha (Table 1). The vegetation at the site

was dominated by mature stands of  oil palm trees (>5 years). The

second site located at Tanjung Karang comprised OPS operated by

local farmers with a  total area of  7810 ha. Most of the farmers had

farms of less than 50 ha and lived nearby their smallholdings. These

farms were either oil palm trees monocultures or polyculture with

oil palm trees integrated with cash crops (Musa sp., Cocos nucifera,

Manihot esculenta, and other fruit trees). The area was  formerly peat

swamp  forest and mangrove forest which was  cleared in the 1950s.

The third site, Ayer Hitam Forest Reserve (AHFR) is a  logged low-

land/hill dipterocarp forest patch which was  selectively logged in

the 1960s (Table 1). The final site  in  Kuala Lompat was located in

the Krau Wildlife Reserve. The reserve is an unlogged lowland/hill

dipterocarp forest that has not  been subjected to  commercial-scale

logging (Table 1).

Sampling  protocols

All  population surveys were conducted using the total count

method (Plumptre et al., 2013). This method was  used because

the surveyed areas were relatively small, the population size was

small, and each group could be identified and separated from oth-

ers. Alternative methods such as  the line transect method were not

used as  only small sample counts would be obtained, making it dif-

ficult to extrapolate the population size to larger areas, especially

as long-tailed macaques are always moving making detection and

identification of individuals uncertain (Riley et al., 2015).

The  population surveys were conducted using census walks

in the mornings from 0700 to1200. The surveys were conducted

for six consecutive days every week in July to August 2015 (Tan-

jung Karang), January to February 2016 (Bukit Pasir) and July to

December 2012 (Ayer Hitam Forest Reserve). Active searching (for

a detailed description, see Plumptre et al., 2013) was used to  locate

and count M. fascicularis through direct sighting, movements, and

vocalisations (Sha et al., 2009; Plumptre et al., 2013; Riley et al.,

2015). To habituate M.  fascicularis, only one or two observers,

preferably the same people followed the macaque groups.

We  observed M.  fascicularis groups at a distance of 10–30  m

to prevent scaring them. The Alpha male has the role of  being a

ẅatchdog(̈Aldrich-Blake, 1980) and is normally first sighted by  the

observer (Fig. 2). Once an individual was  spotted, we recorded: 1)

observed group size; 2) age class (juvenile or adult) and sex of each

individuals based on physical appearance; and 3) GPS coordinates.

Different groups of  M. fascicularis were identified by their physical

characteristics (e.g. general facial configuration, body size, hair

colouring, and hair patterns) and the area where they were present
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Fig. 1. Long-tailed macaques were studied in four types of habitat in Peninsular Malaysia. We surveyed large-scale oil palm plantation, smallholdings, and logged forest.

Study in unlogged forest was conducted by Aldrich-Blake (1980).

Fig. 2. Long-tailed macaques were observed on mature oil palm plants that provide

vantage  point to  monitor surrounding areas, but they would spend their time on the

ground foraging for food.

(Swartz, 1983; Hamada et al., 2006). Although we managed to

record the number of individuals for each group, the animal sex

for populations at OPS and logged forests were not recorded due

to the difficulty in identifying the genitals of M.  fascicularis in those

habitats.

Data analysis

The data collected was  summarised and comparison tests per-

formed in the IBM SPSS Statistics 20th Edition software. First, we

used the Shapiro-Wilk test to determine whether the data were

normally distributed. Prior to  the test we used a  square-root trans-

formation of the count data (i.e. animal abundance) to improve the

linearity of data. We  then compared M. fascicularis mean group

sizes between large-scale OPP, OPS, unlogged forest, and logged

forest using a  one-way ANOVA. In addition, we  performed post-

hoc Dunnett’s T3 with a  large-scale OPP as a  control group to test

for significant differences between habitat types. This post-hoc test

did not assume equal variances.

A  chi-square independence test was used to  determine whether

there was  a  significant association between oil palm farming sys-

tems (large-scale OPP and OPS) and age class (juvenile or adult)

of M. fascicularis. Our research did not involve direct contact with

M. fascicularis in the field. Fieldwork was  conducted with permis-

sion from the Selangor forestry department, smallholders, and an

anonymous plantation manager.

Results

Group size in large-scale OPP, OPS, logged forest and unlogged

forest

A  total of 13 groups of M. fascicularis comprising 98  individu-

als were recorded at the large-scale OPP (Table 2). There was  also

a higher juvenile abundance (59 individuals) compared to  adults



S.L. Tee et al. /  Mammalian Biology 94 (2019) 48–53 51

Table  2
The  number of  observations and groups of M.  fascicularis in large-scale OPP, OPS,

logged forest and unlogged forest.

Habitat Number of

observations

Number of

groups

Mean group

size  ± SD

Large-scale OPP 98 13  7.54 ± 3.80

OPS 298 18  16.56 ± 7.26

Logged Forest 69 4 17.25 ± 17.25

Unlogged Forest 61 4 15.25 ± 9.39

Fig. 3. The number of M. fascicularis observations according to age class in large-

scale  plantation and smallholding.

Table  3
Summary of mean comparison for M. fascicularis group size between large-scale

OPP,  logged forest and unlogged forest based on post-hoc Dunnet’s T3.

Habitat type (I) Habitat type  (J) Mean

difference (I-J)

p

Large-scale OPP Unlogged

forest

−7.71 0.585

Large-scale OPP Logged forest −9.71 0.818

Large-scale OPP OPS −9.02 0.001

(39 individuals) (Fig. 3). The minimum group size was two  indi-

viduals, while the maximum was 13 individuals. Eighteen and four

groups of M.  fascicularis were recorded at the OPS and logged forests

respectively. A total of 298 individuals were recorded in OPS, while

69 individuals were recorded in  the logged forest (Table 2).

The  statistical analysis detected significant differences in  M.

fascicularis mean group sizes between different habitat types (F

(3,35) = 3.659; p =  0.021). A key result from our analysis was  that

M. fascicularis groups sizes at the large-scale OPP (median =  8; 1  st

quartile - 3rd quartile: 4.5–10.5) were significantly lower (post-

hoc Dunnett’s T3, p = 0.001) than at the OPS (median =  15; 1 st

quartile - 3rd quartile: 12–18) (Table 3). The comparison between

the existing data describing unlogged forest and our  surveyed data

on logged forests found median group sizes of M. fascicularis were

17 (1 st quartile - 3rd quartile: 7.5–23) and 12 (1 st quartile - 3rd

quartile: 4.5–30) individuals per group, respectively (Table 2).

Relationship  between age class of M.  fascicularis and farming

practice

A  chi-square test was performed and the age class (juvenile or

adult) of M.  fascicularis was found to be associated with the farm-

ing system (large-scale OPP and OPS), X2 (df = 1, N =  396) =  64.046,

p < 0.001. The number of observations of  juvenile M. fascicularis in

large-scale OPP was greater compared to the OPS (Table 4; Fig. 3).

Table 4
Two-way contingency table summarizing the relationship between age class of M.

fascicularis and different types of oil palm farming system.

Farming

system

Age class

Juvenile Adult Total

Large-scale OPP 59 (52.2%) 39 (13.8%) 98 (24.7%)

OPS 54 (47.8%) 244 (86.2%) 298 (75.3%)

Total 113 (100%) 283 (100%) 396 (100%)

Finally, the number of  observations of adult M. fascicularis in  large-

scale OPP was lower than the OPS (Table 4; Fig. 3).

Discussions

The group size of M. fascicularis in the large-scale OPP

was notably lower than in  habitats with greater heterogeneity.

Although M. fascicularis has always been known as ẅeed speciesör

ẅinnerẗhat  can thrive in highly disturbed habitats, the current

study does not support previous research (Richard et al., 1989;

Gumert, 2011). A possible explanation for the lower number of

observations of M. fascicularis in large-scale OPP is its lower habi-

tat quality with a  smaller range of vegetation types and lower

food availability (Takasaki, 1981; Marshall, 2010). M.  fascicularis

population were more abundant in  diverse, heterogeneous and

resource-rich habitats such as OPS, logged and unlogged forest.

In unlogged forests, M. fascicularis are primarily frugivorous and

leaves, flowers, insects and bark provide the remainder of  their diet

(Yeager, 1996). M. fascicularis consume at least 33 plant species as

food sources, but more than 60% of the diet is  supplied by  only

five species in  unlogged forests (Yeager, 1996). In contrast, M. fas-

cicularis in  highly disturbed human dominated habitats have been

reported as using less forest habitats if  they have access to anthro-

pogenic food sources and were likely to  spend less time feeding on

natural fruits and flowers (Sha and Hanya, 2013a,2013b).

A critical finding of this research that has implications for man-

aging oil  palm plantations for biodiversity is that the mean group

size of M. fascicularis in  large-scale OPP was  lower than at the OPS

site. This is  most likely because the monoculture practice used in

large-scale OPP results in  highly homogenous vegetation, primarily

composed of oil palm, Elaeis guineensis. The homogenised environ-

ment in  large-scale OPP has limited resources creating low-quality

of habitat (Takasaki, 1981; Thierry et al., 2004) consequently lead-

ing to a  lower mean group size of M. fascicularis. Homogenous

vegetation not only limits food resources but also has been shown

to limit the choice of sleeping sites for M. fascicularis (Kamarul et  al.,

2014). During the survey, we  found that the largest group of M. fas-

cicularis were in  a  shrubby area next to the large-scale OPP not in

the actual oil  palms. The main tree within this area that M.  fascicu-

laris group utilised was Pometia pinnata. P. pinnata may  provide M.

fascicularis shelter and food resource such as insects from flowers

and leaves (Thomson and Thaman, 2006; Hadi et al., 2007). Another

reasonable explanation for the low group sizes is  anthropogenic

intervention. Even though there was a  banana farm next to the

large-scale OPPs, no observations were recorded of  M. fascicularis

raiding the farm during the site survey. This is likely to  be because

banana farmers have set up traps or used firecrackers to prevent

crop raiding by M. fascicularis (Eudey, 2008; Azhar et al., 2013).

Larger  group sizes in  OPS may  be explained by the existence of

farm houses, scattered within the smallholdings. Brotcorne et al.

(2014) suggested that M. fascicularis preferentially select sleep-

ing trees located within or near human-modified zones, especially

when human food was abundant and natural food was  scarce. Edi-

ble crops such as tapioca, banana, and coconut in  OPS  may support a

greater level of biodiversity by providing alternative food resources

and better habitat quality for M. fascicularis groups (Azhar et al.,
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2014, 2015). In contrast the housing areas associated with OPP

were centralized at designated location at long distances from oil

palm plantations. The possibility of anthropogenic threats in the

large-scale OPP may  also account for the lower observations of

adult M.  fascicularis compared to in OPS. Conflicts between pest

species such as M.  fascicularis and farming communities result in

their extermination as the farmers become less tolerant of their

crop-raiding behaviour (Azhar et al., 2013). Significant reduction of

natural habitats such as forests, coupled with a  dense and growing

human population can exacerbate human-macaque conflict (Sha

et al., 2009). However, the damage on oil palm yield caused by M.

fascicularis is considered insignificant economically and hence no

control is required in  major plantations (Chung et al.,  2016).

Our  study also found higher mean group sizes of M. fascicu-

laris in unlogged and logged forests compared to  large-scale OPP,

but surprisingly mean group size in  OPS surpassed unlogged for-

est (Table 2). Natural or relatively undisturbed forest vegetation in

the home range is  essential to  the subsistence of inhabiting mon-

keys (Takasaki, 1981). The unlogged Krau Wildlife Reserve have

multiple food trees such as  Knema sp. (Myristicaceae), Eugenia sp.

(Myrtaceae), Dialium sp. (Leguminosae) and Mangifera sp. (Anac-

ardiaceae) (Aldrich-Blake, 1980). M. fascicularis has been reported

traveling from the forest into palm oil  plantations to feed on palm

nuts, however, such behaviour and movement are  not supported

by our study.

Our results indicated that M.  fascicularis were thriving in the

Ayer Hitam Forest Reserve and that the logged forest can provide

adequate food sources for M.  fascicularis especially from the human

food wastes found in surrounding local residential areas (Mohd

et al., 1999). This result matches those observed in earlier stud-

ies where M. fascicularis was abundant in the logged forest and

occupied some habitats with the presence of human disturbances

(Richard et al., 1989; Fuentes and Gamerl, 2005; Sha et  al., 2009).

The total individuals found in  unlogged forest habitats were 61

from 4 groups, with the average group size  of 15.25 individuals per

group (Aldrich-Blake, 1980) and 352 individuals from 13 groups

with 27.08 individuals per group (Karimullah and Anuar, 2012).

M. fascicularis will adapt to human-driven changes in tropical for-

est habitats, characterized by  the disappearance or decline of other

species that compete with M. fascicularis for fruit (Gibson, 2011).

Competition between members within same group may  also be

one of the reasons for the lower observed adult abundance of M. fas-

cicularis in large-scale OPP as food resources were limited in  these

homogenous habitats. The dominance hierarchy present in  the M.

fascicularis groups may  result in  competition between male M. fas-

cicularis in seeking mates (Wheatley, 1978). The social hierarchy

allows dominant ranking males to have higher reproductive suc-

cess than the lower ranking males (Wheatley, 1978; Van Noordwijk

and Van Schaik, 1985). Hence, the lower ranking males may  leave

their original group and migrate into adjacent groups including

those located outside OPP (Wheatley, 1978; Van Noordwijk and

Van Schaik, 1985).

One  key limitation of our study is that each study site had differ-

ent areas and a range of human pressures. Our estimations of group

size may  be conservative because we did not account the area of

each study site. However, finding replicate sites of similar areas can

be almost impossible due to the variability in sites and difficulty in

obtain permission to conduct surveys.

Conclusions

Greater attention needs to be paid to M. fascicularis because the

species is declining in  some regions due to  habitat modification and

the animal trade (Eudey, 2008). Even though M. fascicularis is per-

ceived to be common in human-modified landscapes, its group size

was the lowest in large-scale OPP. The detrimental impacts brought

by large-scale OPP are more severe than OPS. Hence, large-scale

oil palm monocultures should be minimised as it causes adverse

impacts on biodiversity including common species such as M.  fas-

cicularis. Agro-forestry practices can be applied in  the large-scale

OPP to minimise the human-wildlife conflicts (Bhagwat and Willis,

2008) by providing areas planted with fruit trees for M. fascicularis.

The planting and propagation of mutually important tree species

for the macaques and local people at forest-agricultural ecotones

would curb crop raiding (Riley and Fuentes, 2011). Long-term stud-

ies should be encouraged to gather accurate data on M.  fascicularis

populations and other species. Such data is  pivotal for develop-

ing a  management plans for biodiversity in oil palm agricultural

landscapes.
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