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Abstract

Macaques are commonly found in Malaysia, with the current existing three 
species placed between endangered to least concern status under the IUCN Red List, 
namely the stump-tailed macaque (Macaca arctoides), pig-tailed macaque (Macaca 
nemestrina), and the notorious long-tailed macaque (Macaca fascicularis). The species 
classified under the endangered and vulnerable group are facing threats mainly from 
the loss of habitat. Conversely, species that are categorized as least concerned are often 
cited at the top of human-wildlife conflicts reports in various countries, although 
they too are facing pressure from habitat loss. There are different methods employed 
to control the fast-growing population of these species, calling for different levels of 
investment in terms of resources. It is of great interest to understand the disparities 
between these species, as they are able to adapt to environmental changes and some 
find ways to survive in alternative localities, including urban areas. The proximity of 
macaques to human dwellings raises a public health concern through the transmission 
of zoonotic diseases. More scientific studies are imperative in order to further under-
stand the needs of these animals for continued survival and co-existence with humans 
and other animals in the ecosystem. Urgent efforts must be taken to preserve the 
macaque’s natural habitats while creating the public awareness on the predicament of 
these species. The focus should be on human-wildlife conflicts todispute the existing 
false impression that all macaques are on equal ground and abundance in numbers.

Keywords: macaque conservation, non-human primate conservation, public health,  
zoonoses

1. Introduction

Malaysia is located in the equatorial region where most parts of the natural land-
scape are covered by the tropical rainforests. The country is well known for its rich 
flora and fauna biodiversity. Non-human primate species found natively in Malaysia 
include the great ape: Bornean orangutan (Pongo pygmaeus); lesser ape: Agile gibbon 
(Hylobates agilis), White-handed gibbon (Hylobates lar), Bornean gibbon (Hylobates 
muelleri), Siamang (Symphalangussyndactylus); old world monkeys: Banded leaf 
monkey (Presbytis femoralis), White-fronted langur (Presbytis frontata), Gray leaf 
monkey (Presbytis hosei), Red leaf monkey (Presbytis rubicunda), Silver leaf monkey 
(Trachypithecuscristatus), Dusky leaf monkey (Hylobates funereus obscurus), Long-tailed 
macaque (Macaca fascicularis), pig-tailed macaque (Macaca nemestrina), stump-tailed 
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macaque(Macaca arctoides); the lorisids: Sunda slow loris (Nycticebuscoucang), Kayan 
slow loris (Nycticebuskayan); lastly the Western tarsier (Tarsiusbancanus).

The focus of this chapter is management aspects of macaques as the conservation 
of these species is generally neglected in the country. They were at the extreme end 
of the conservation status as indicated by the IUCN Red List of Threatened Species, 
where long-tailed macaques are categorized as least concerned, while the pig-tailed 
macaques are endangered. Furthermore, reports, conservation efforts, and research 
centers on macaques are almost unheard of, except human-macaque conflicts that 
mainly involved the long-tailed macaques. It may be fortunate that young macaques 
do not appear cute and cuddly compared to that of orangutans and leaf monkeys, 
they are less often reported to be illegally traded or poached. However, this may also 
be one of the reasons they are not seen as “attractive” subjects of for research and 
conservation. Therefore, this chapter aspires to highlight the plight of macaques.

2. The macaques population in Malaysia

Although the long-tailed macaques are considered as pests in Malaysia, the 
species is listed as vulnerable under the IUCN Red List [1]. This is particularly true 
as their natural habitats are diminishing. According a report by Wicke et al. [2], 
Malaysia has lost 20 percent of forest land within a 30-year span due to anthropo-
genic activities. The downward trend of primary forest cover continues. The 91.9% 
of the cover remained in 2011 was further reduced to 83% in 2020 [3]. Although 
deforestation was significantly controlled over the past decade, the conversion of 
forest land is expected to continue creating more fragmented forest areas and forest 
edges [4], which are suitable habitats for long-tailed macaques. Subsequently, this 
would further escalate the frequencies of human-wildlife conflicts. Continuous 
mass removal of the long-tailed macaque which has been adopted to minimize 
human-wildlife conflicts subject the species to a risk of losing genetic diversity 
[5]. In fact, hybridization of populations and potential inbreeding depression of 
the populations could potentially occur if translocation operations intensified [6]. 
Additionally, long-tailed macaques in Peninsular Malaysia are morphologically 
assigned to two subspecies, namely M. f. fascicularis and M. f. argentimembris [7].

On the other hand, pig-tailed macaques and long-tailed macaques are generally 
regarded as crop raiders and, therefore, have more direct negative interactions with 
people. However, pig-tailed macaques have proved to be beneficial to mankind. They 
have traditionally been kept and trained to harvest fruits, especially coconuts, and 
forest products for over a century in Malaysia and other countries in Southeast Asia 
as the species is bigger and has more physical strength than long-tailed macaques. A 
recent research has indicated that the presence of pig-tailed macaques benefits the oil 
palm plantations by acting as a biological control for rodents that cause the industry 
monetary losses of US$930mil (RM3.9bil) every year [8]. In comparison, the damage 
caused by the pig-tailed macaques on the oil palm crops is relatively minimal.

Pig-tailed macaques are listed as endangered in Malaysia since 2009, although 
it is still categorized as vulnerable when the entire population worldwide is con-
sidered [9]. It is of interest to note that both long-tailed macaques and pig-tailed 
macaques shared similar natural habitats and are omnivorous. However, the latter 
is more sociable towards humans, less aggressive, and more habituated. Currently, 
efforts to conserve the species in the wild are not viewed as critical. The breeding 
of pig-tailed macaques is generally undertaken as the animals are needed for fruit 
plucking purposes. Yet, this effort is not nationwide, but concentrated only in the 
East Coast of Peninsular Malaysia and mostly unable to sustain the population if the 
animals go extinct in the wild.
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Stump-tailed macaques are found only in the North-western region in 
Peninsular Malaysia, specifically at the Wan Kelian forest areas in Perlis State 
Park. In fact, the global geographical range published by IUCN indicated that this 
is the most southern region where stump-tailed macaques can be detected. Their 
presence could be found further north in Thailand, Myanmar, Laos, Cambodia, 
Vietnam, Bangladesh, and China. Distributions of the stump-tailed macaques are 
similarly in habitat pockets as in Malaysia, not widespread throughout the coun-
tries listed, and the populations are mostly declining [10]. Unfortunately, wildlife 
censuses have been excluding macaques as the species of interest in research, 
thus making more recent data unavailable. Despite its vulnerable status under the 
IUCN Red List [11], these macaques received the least attention from the govern-
ment, public, and even researchers compared to the other two macaque species 
in Malaysia [7, 12]. Small population size, movement between country borders 
(Malaysia and Thailand) which that is prone to heavy poaching, and their tenden-
cies to avoid humans [12] further complicate research of this species. It is inter-
esting to note that all three macaque species: stump-tailed macaques,pig-tailed 
macaques and long-tailed macaques are found sympatrically within the Perlis State 
Park Forest Areas [12, 13]. However, interspecies associations were not recorded 
between the three species [12, 14].

3. Macaques involvement in human-wildlife conflicts

Among the non-human primate species found in the country, the long-tailed 
macaques and pig-tailed macaques can be found in areas that often overlap with 
high anthropogenic activity areas such as plantations, the secondary forest sur-
rounding human settlements, besides their natural habitats in the wild [1, 9]. 
Between the two species, the long-tailed macaques are most sighted and involved in 
human-wildlife conflicts in both rural and urban areas, accounting for between 35 
and over 65 percent of conflict reports received by the wildlife department [15, 16]. 
This species has successfully adapted to the human settlements and continues to 
multiply at alarming rates, which further contributes to human-wildlife conflicts. 
The damages caused by macaque related conflicts include injuries such as scratches 
and bites sustained by people during the encounter with macaques, destruction of 
properties and materials within when macaques enter and ransack the properties, 
disturbance to residents and tourists due to the animals’ aggressive behavior [17] to 
snatch and steal when needed.

In general, the main reason for human-wildlife conflicts caused by long-tailed 
macaques is food motivation. Conversely, by and large, these past behaviors 
were triggered by human actions: feeding of animals by “good samaritans”, an 
improper garbage disposal that allow animals to forage for scraps, destruction of 
natural habitats due to deforestation and agricultural activities, and encroach-
ment of human settlement into the forested areas [18]. The authorities manage 
the macaque human-wildlife conflict through several approaches including 
culling, public education, and awareness creation program (particularly with the 
help of non-government organizations), and translocation of the animals (Pers. 
Observation).

A study on the dietary composition of wild stump-tailed macaques indicated 
that they mainly consume plant materials from the forest [19]. Unlike its cousins, 
the long-tailed macaques and pig-tailed macaques are more often spotted at human 
concentrated areas, and at times orchards, plantations, and even garbage collec-
tion sites. Essentially, absence of human-wildlife conflict reports on stump-tailed 
macaques explains why public knowledge on the species is minimal.
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4. Zoonotic diseases in macaques

The genetic relatedness of non-human-primates to humans generally gives the 
perception that interaction with non-human-primates poses higher zoonotic risks 
compared to other animal species. The natural habitats of non-human-primates 
are located at the equatorial zone worldwide, expanding across tropical rainforest 
in Southeast Asia, West and Central Africa, and South and Central America, also 
smaller patches in areas adjacent to these. Additionally, non-human-primates can be 
found in captivity such as in zoological gardens, rescue centers, and animal research 
facilities. Therefore, it is logical to acknowledge that a large portion of the human 
population has direct or indirect contact with non-human primates, thus making 
zoonotic disease spillover a major public health concern. Additionally, interactions 
of non-human primates with livestock have been reported to initiate multidirec-
tional pathogen transmission between these species, and ultimately lead to spillover 
to the human population [20]. This is further evident from host-pathogen databases 
analysis among primates showed that sympatric host species have high probabilities 
to share parasite species [21].

Interestingly, consumption of bushmeat from non-human primates is not widely 
practiced or acceptable by the local communities, mainly due to religious practices 
among the majority of the population. This might have significantly reduced the 
probability of zoonotic diseases transmission and potential mutagenic changes in 
the pathogens, particularly viruses. Most popular bushmeat in Malaysia is reportedly 
from wild pigs (Sus scrofa), bearded pigs (Sus barbatus), deer (including Sambar deer 
(Cervus unicolor), barking deer (Muntiacus muntjac) and mousedeer (Tragulus kanchil 
and Tragulus napu), Malayan porcupine (Hystrix brachyura), bats, and others [22–25].
On the other hand, sun bears (Helarctos malayanus)were hunted for their bile to cater 
for traditional medicines [26]. Some examples of zoonotic or potential zoonotic 
diseases reported in macaques are discussed hereunder. However, a comprehensive 
description of zoonotic disease risks from macaques is still lacking. The degree of 
impact of macaques on possible future epidemics needs to be elucidated with further 
studies utilizing the one health approach integrating data on human, animal, and 
environmental health. Epidemiology of diseases often stimulates research in wildlife 
species, especially in the recent years with emerging zoonotic diseases suspected to 
have originated from wildlife as evidenced from a large number of scientific articles 
published [27–30]. Conversely, conservation of these species could result in the 
preservation of ecosystem integrity and creating a buffer zone against novel disease 
outbreaks [31]. The outcomes from studies of these species may help the conservation 
authorities to strategize the long-term plans and inform the national policies on effec-
tive management and conservation of macaques species in Malaysia.

5. Bacterial diseases

Fecal samples from wild long-tailed macaques and pig-tailed macaques involved 
in human-wildlife conflicts areas in the Lopburi district of Thailand were found to 
carry Esherichai coli, Staphylococcus spp, and Salmonella spp. [32]. In another study 
carried out in the Wulongkou Scenic Area, Henan Province of China discovered 
that about a quarter of over 400 fecal samples contained Shigella spp., Escherichia 
coli, Klebsiella pneumoniae, and Leptospira spp. Other bacteria detected in lesser 
prevalence included Campylobacter jejuni, Salmonella spp., Staphylococcus aureus, 
Streptococcus pneumonia, Yersinia spp., and Hafnia paralvei. Among these bacteria, 
Salmonella, Shigella, E. coli, C. jejuni, and Yersinia are zoonotic i.e. shared with 
humans and other animals.
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In a preliminary study of zoonotic pathogens in captive pig-tailed macaques 
detected Neisseria spp. in all four swab samples, namely nasal, buccal, throat, and 
anal, from 30 individuals. Other bacteria isolated were Pasturella spp. and Moraxella 
spp. from the nasal swabs, and Stenotrophomonas sp. or Acinetobacter sp. from the 
buccal swabs. Whereas for the anal swabs, Pasturella spp., and Streptobacillus spp. 
were detected, besides Neisseria spp. [33]. The different species isolated in the previ-
ous studies with the current research may be due to the fact that the former was 
from wild animals, and fresh droppings were collected, while the latter was from 
captive macaques and collected directly from multiple orifices of the animals.

6. Viral diseases

RNA viruses are considered a major threat among emerging infectious dis-
eases at the human-non-human primate interface [34], and studies conducted in 
Malaysia are very much concentrated on this group of viruses. As discussed before, 
long-tailed macaques are involved in most of the human-macaque conflicts and 
often these issues were dealt with through capture and relocation to deep forest 
areas [35, 36]. Therefore, researchers took the opportunity to investigate the viruses 
carried by these animals to determine if these animals could serve as a reservoir host 
for these pathogens and pose significant disease threats to human and other animal 
species in the habitat.

In a study by Ain-Najwa et al. [37] using archived long-tailed macaque samples, 
where sera were used to detect West Nile virus (WNV) antibody through competi-
tive enzyme-linked immunosorbent assay (c-ELISA), and WNV RNA from oropha-
ryngeal swabs via RT-PCR. Results showed that the macaques were all negative for 
WNV RNA, yet high WNV antibody prevalence was observed. These results may 
indicate that the macaques are exposed to WNV from other animals in their habitat, 
yet infectivity was low, and they may not serve as a reservoir to WNV in the wild.

In Malaysia, Zika virus (ZIKV) was detected in 0.2% of patients with clinical 
signs corresponding to Zika virus infection during the Malaysia ZIKV surveillance 
between June 2015 and December 2017 after the declaration of the Public Health 
Emergency of International Concern (PHEIC) by World Health Organization. The 
source of infection was undetermined and possible zoonotic transmission from 
wildlife species, such as macaques, was suspected [38]. A total of 234 long-tailed 
macaques trapped from multiple sites throughout Peninsular Malaysia in the 
Wildlife Disease Surveillance Program were evaluated for ZIKV prevalence. The 
researchers were unable to detect ZIKV RNA from any of the macaques sampled, 
and only 1.3% showed seropositive for neutralizing antibodies. Thus, the study 
concluded that long-tailed macaques are not likely to be reservoirs for the Zika virus 
in Malaysia [39].

On the other hand, Malaysia has experienced massive outbreaks of Chikungunya 
virus (CHIKV) infection in humans in Malaysia between 1998 and 1999 [40] and 
cases have been reported since with sporadic surges of infections recorded [41]. 
Researches were conducted to elucidate the potential of macaques in maintaining 
the Chikungunya virus during inter-epidemic periods, to explain the sporadic 
disease occurrences, as the virus has been isolated from monkeys in Africa [42]. A 
study carried out by Sam et al. (2015) found that viraemia among the wild long-
tailed macaques tested was not only lacking but also the seroprevalence rate was 
low. Therefore, it was concluded that long-tailed macaques living at the human-
wildlife conflict areas would have played a minor role in CHIKV transmission, if 
any, during CHIKV outbreak episodes [36]. In fact, later work by Suhana et al. [43] 
suggested that CHIKV detected in long-tailed macaques may be a spillover of the 
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virus from humans, based on molecular characterization and phylogenetic analysis 
of the isolates.

Macacine herpesvirus 1 (MaHV1), commonly known as B virus, has been 
detected among wild macaques in Asia [44]. However, there is minimal informa-
tion regarding MaHV1 in macaques of Malaysia. To date, there was only one report 
indicating that 39% of wild long-tailed macaques sampled from six different 
states in the country during wildlife management program under the Department 
of Wildlife and National Parks, Peninsular Malaysia was shedding MaHV1 DNA 
[45]. While animals from different age groups were detected to shed the virus, 
through PCR of urogenital and oropharyngeal swabs, seroprevalence through 
ELISA was highest among the adults [45]. The seroprevalence result corresponded 
with a previous study from Bali, Indonesia, where most adults were expected to 
have been infected or exposed to MaHV1 [46]. MaHV1 is designated as Biosafety 
Level 4 (BSL-4) pathogen because humans with untreated MaHV1 infection have 
over 70% mortality rate [47]. With the high human-macaque conflict reported in 
Malaysia, wildlife officers and rangers carried out many translocation operations as 
a mitigation approach; also reports of bites and scratches from macaques are rather 
common among people that reside in or visited areas with macaques. In fact, some 
persons bitten and scratched by macaques may have experienced MAHV1 infection 
yet did not experience clinical signs of infections [48]. However, peculiar reports 
of human MaHV1 infections were confined to personnel working with macaques 
or macaque tissues in a husbandry or research environment in the US and Europe. 
This could be explained by the fact that wild macaques are not shedding the virus 
in such high concentrations compared to laboratory animals, as the latter may be 
constantly confined in captivity and exposed to high-stress conditions, where they 
are handled and manipulated. While their wild cousins are generally free in their 
natural habitat, and people only have random and occasional encounters with these 
animals [49]. Even so, workers in contact with wild macaques are recommended 
to put on appropriate personal protective equipment, as capture and translocation 
efforts may induce stress on these animals and increased viral shedding or reactiva-
tion of infection that could potentially infect the workers [45].

In a preliminary study [33] of captive pig-tailed macaques showed the prevalence 
of several RNA viruses, such as retrovirus, influenza virus, and lyssavirus, through 
RT-PCR of the buffy coat. Retrovirus was detected in all individuals sampled, followed 
by influenza virus (56.6%), then lyssavirus at 13.3%. Further investigation using cell 
culture and nested PCR to detect Simian Foamy virus (SFV) from these samples as 
SFV has been reported to infect nearly all captive and free-ranging macaques in Asia 
[50, 51]. HeLa cell culture demonstrated cytopathogenic effects (CPEs) such as being 
refractile, detached from the culture surface, floating, clumping, increased in cell 
distance after just the first passage, and foamy appearance was observed in the cells 
under high magnification by the third passage [33]. However, detection of SFV using 
nested PCR targeting the Pol genes and LTR genes from extracted trypsinized tissue 
culture samples did not turn up positive results. Therefore, further work is required to 
determine if CPE resulted from SFV or other viruses.

Overall, evidence that wild and captive macaques in Malaysia serve as a reservoir 
for zoonotic viruses is still lacking. Zoonotic infections from macaque to human is 
very much understudied, and often prevalence research on pathogens in macaques 
are not incorporated with sampling from the keepers, owners, and other personnel 
in contact, such as the wildlife rangers. Additionally, pig-tailed macaque owners 
surveyed did not report illness related to animals kept, as these animals often share 
the living quarters, food, and drinks with their owners. However, it is safe to say 
that personnel in contact with macaques should take the necessary precautions to 
minimize infection transmission from these animals.
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7. Parasitic diseases

The most prominent zoonotic parasite reported in macaques is Plasmodium 
knowlesi, recognized as the fifth cause of human malaria, which is transmitted 
from animals to humans through Anopheles mosquito vector. Knowlesi malaria 
has now topped the number of human malaria cases reported across most states in 
Malaysia, especially in Sabah and Sarawak [52, 53]. This situation may be as a result 
of increased encroachment of human settlement into the forested areas [54], and 
advancement of malaria diagnosis to molecular method instead of the conventional 
microscopy detection of the stained blood smear [55].

On another note, gastrointestinal (GI) parasites from macaques are often 
neglected although these organisms may cause detrimental consequences in 
humans. A report from Baluran National Park at East Java, Indonesia indicated 
89% of fecal samples collected from wild long-tailed macaque were positive of GI 
parasite, and protozoal infection was slightly higher (89%) compared to helminth 
(83%). The study found that the most prevalent GI parasite in the macaques is 
Trichostrongylussp (66%), the next highest parasite is Entamoeba sp. (53%), and fol-
lowed by Strongyloides sp. (32%), Blastocystis sp. (32%), Trichuris sp. (17%), Giardia 
sp. (10%) and Enterobius sp. (3%) [56]. Conversely, the prevalence of GI parasites 
infection was lower at the Kosumpee Forest Park, MahaSarakham, Thailand, 
where only 35.11% of the fecal samples were positive, including Strongyloides spp. 
(15.27%), Trichuris spp. (22.9%), hookworm (4.58%) and Ascaris spp. (1.53%) [57].

A comprehensive project was undertaken to investigate GI parasites in Malaysia’s 
non-human primates from the wild, and animals living in urban habitats, and the 
ones in captivity. This study examined a total of 12 local non-human primate spe-
cies and illustrated at least 44 species of GI parasites were detected, including seven 
species of protozoans, 26 species of nematodes, five species of cestodes, five species 
of trematodes, and one species of pentastomida. The GI parasite distributions 
were not significantly different between the three groups, and the most prevalent 
GI parasite was Ascaris spp. (49.7%), followed by Oesophagostomum spp. (26.9%) 
[58]. A study specifically looking into captive pig-tailed macaques showed that an 
overall GI parasite prevalence rate of 52%. Among the species, five species belonged 
to Nematoda viz. Anatrichosoma sp., Capillaridae, Strongyloides sp., Trichostrongylus 
sp., and Trichuris sp. Only one Trematoda species was detected, which is 
Paramphistomum sp. The most common GI parasites are Trichuris sp. (38%), fol-
lowed by Trichostrongylus sp. (24%), Paramphistomum sp. (14%), Anatrichosoma sp. 
and Strongyloides sp. (10%) each, and lastly Capillaridae (5%). It should be noted 
that about one-third of animals tested had double GI parasite infection (33%), 14% 
of the infection was single, and 5% had a triple infection. Most of the macaque own-
ers did not administer anthelmintics to their animals as preventive medicine. The 
authors also examined thick blood smears from these captive pig-tailed macaques 
and found one sample positive for filaria nematode [59].

On the whole, the GI parasites and haemoparasite identified in these studies are 
of known public health importance and zoonotic concern that needs to be seriously 
addressed, specifically raising awareness of people in close contact with macaques.

8. Population control

Due to the success of the long-tailed macaques in adapting to human settle-
ments, particularly in the urban areas, they are the culprit in most reported human-
wildlife conflict cases in Malaysia, up to 65% of total annual case reports, compared 
to any other wildlife species [15–17]. It is most often created serious public nuisance 
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and concerns on the animals causing property damage and bodily harm to people 
encountered during the conflict episodes. The short-term solution most often 
resorted to is population control, in the hope to reduce the occurrence of conflicts.

Currently, an effective contraceptive method, besides capturing and physical 
handling of the animals for surgical and non-surgical neutering methods, is lack-
ing. Zona pellucida vaccination, oral contraceptives are temporary and require 
reapplication, which is troublesome, labor intensive, and recurring cost. Neutering 
needs animals to be captured, especially for the females as surgical methods involve 
laparotomy. The effort starts with procuring and setting up suitable traps, then to 
restrain, anesthetize, and application of chemical or surgical methods for perma-
nent sterilization.

The most frequently used method for sterilization of the male macaques is 
castration that involves the removal of the testicles, and this procedure does not 
require an invasive procedure into the abdominal cavity. Compared with the 
procedures in the females, often healing time is much quicker and may not require 
an extended holding period. In a report by Karuppannan et al. [60], non-surgical 
castration through intraepididymal injections of ethanol-formalin mixture to 
induce tubular blockage resulted in over 90 percent (32/35) success among the ani-
mals tested. This method is labor intensive, requires the animals to be caught first, 
training of staff and precision during the injection process. Furthermore, this 
method is most suitable for adult males as epididymis in juveniles and subadults 
are small and difficult to locate to ensure accurate injection of the ethanol-forma-
lin mixture. This chemical castration method is compared to surgical castration 
that requires surgical skills and can only be performed by veterinarians, yet the 
age of animals is usually not an issue for successful removal of testis. However, the 
chemical approach can be done within a shorter period and the males are expected 
to sustain their sexual behavior as the testicular tissues remained intact [60].

The impact of castration on male macaques is still debatable. Castration does not 
appear to impact the social interactions between male Japanese macaques (Macaca 
fuscata) in the group. Instead of linear hierarchy as in the intact males, castrated 
males are less aggressive and have a more lateral relationship with one another [61]. 
Thus, Takeshita et al. [61] recommend that castration can be adopted as an effective 
population control measure. On the other hand, studies indicated possible dental 
health issues where castrated rhesus macaques (Macaca mulatta) that lived till old 
age have greatly receded alveolar bone with signs of periodontitis more severe than 
in intact old males, as well as severe temporomandibular joint osteoarthritis in 
the former [62]. The Department of Wildlife and National Parks would adopt the 
chemical castration described above as this method would not affect male hormone 
levels in the animals [60].

On the other hand, sterilization in females will definitely necessitate penetration 
of the abdominal cavity for removal of the ovaries, and/or the uterus. The length of 
incision and operation period depends on the method chosen, through laparotomy 
or laparoscopic approach. Surgical methods have been reported in other countries, 
the caveat of laparotomy for ovariohysterectomy in the female would require the 
animals to be kept for at least three to 4 days before release to ensure the suture site 
has healed. This will require facilities to temporarily house the animals. The use of 
laparoscopy may alleviate this problem, where tubectomy, removal of the Fallopian 
tube, ovariectomy (removal of ovaries) in females; and vasectomy in males can 
be conducted. If done correctly, only two to three small and bloodless (or minimal 
bleeding) incisions are required to access the reproductive organs [63]. The use 
of a laparoscope has minimized the length of the abdominal incision, especially 
in females [64]. Nevertheless, the downside of laparoscopic procedures is costly 
equipment, the requirement of trained staff, and electricity supply.
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9. Conservation of macaques in Malaysia

Malaysia is inhabited by ≥25 non-human primate species from five families, one 
of the most diverse primate faunas on earth. Unfortunately, most of these primates 
are threatened with extinction due to habitat loss, degradation and fragmenta-
tion, hunting, and the synergies among these processes. Despite the charisma and 
cultural importance of primates, the significance of primates in ecological processes 
such as seed dispersal, and the robust development of biodiversity-related sciences 
in Malaysia, there is relatively little research specifically focusing on wild primates 
since the 1980s. Forest clearing for plantation agriculture has been a primary 
driver of forest loss and fragmentation in Malaysia. Selective logging has also 
negatively impacted the primates. However, these impacts vary across primate taxa. 
Previously-logged forests were important habitats for many Malaysian primates. 
Malaysia is crossed by a dense road network, which fragments primate habitats, 
facilitates further human encroachment into forested areas, and causes substantial 
mortality due to road kills.

Primates in Malaysia are hunted for food or subjected to retaliatory or pre-emp-
tive killing as pests, trapped for translocation to minimize human-wildlife conflicts, 
and captured for illegal trade as pets. Additionally, translocation operations should 
consider conservation of the unique evolutionary lineages of the macaque species, 
particularly the long-tailed macaques found to be of two distinctive subspecies [5]. 
Further research on the distribution, abundance, ecology, and behavioral biology 
of Malaysian primates is needed to inform effective management interventions. 
Outreach and education are also essential to reduce primate-human conflicts and 
illegal trade targeting primates as pets. Ultimately, researchers, civil organizations, 
government authorities, and local and indigenous communities in Malaysia must 
work together to develop, promote and implement effective strategies to protect 
Malaysian primates and their habitats.

Of the three macaque species, long-tailed macaques seemed to be able to 
adapt well within human settlements, despite a high number of human-wildlife 
conflicts reported [15]. The major conservation challenge facing macaque is 
habitat loss, degradation, and fragmentation resulting from forest clearing for 
plantation agriculture, selective logging, and a dense network of roads con-
necting many cities and townships in the country [65]. Macaques may not be 
popular as bushmeat, but are also trapped or hunted for illegal trade as pets [65]. 
Further research on habitat needs for all macaque species is imperative in order 
to understand the disparity of population density between the species, despite 
the similarities of natural habitats, diet, and behavior. A good example is a 
study conducted by Holzner et al. [66] citing the significant changes in sociality 
behavior of pig-tailed macaques that visit oil palm plantations in Malaysia, which 
may debilitate individual fitness and infant survival. This proves that despite the 
ability of pig-tailed macaques to temporarily adapt to human-altered habitats, 
the proximity of forest is vital for the survival of the species. Research done in 
recent years indicated an urgent need for macaque conservation strategies to 
preserve the remaining and segregated pig-tailed macaque and stump-tailed 
macaque populations involving the authorities, local communities, and general 
public [12, 67]. The authorities and non-government organizations are urged 
to increase public awareness on macaque species, particularly their roles in the 
ecosystem, as little is known about the species.
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