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Abstract

Primate communities in the Genting Highlands consist of a single species of Hylobatidae
and four species of Cercopithecidae, which are known to exhibit social interaction
behaviour. Thus, a study on the diets of Symphalangus syndactylus (siamang; family
Hylobatidae) and Macaca nemestrina (pig-tailed macaque; family Cercopithecidae) was
carried out at Genting Highlands, in order to compare the dietary preferences and
interspecific competition between the two primate families. A DNA metabarcoding
approach was used to analyse diet intake using non-invasive samples based on the trnL
region. Based on the 140 amplicon sequence variants (ASVs) generated, 26 plant
orders, 46 different families, 60 genera and 49 species were identified from 23 different
plant classes. Fabaceae and Moraceae were classified as the most preferred plants at
the family level for S. syndactylus; meanwhile, Piperaceae and Arecaceae were
classified as the most preferred for M. nemestrina. Only six out of the 60 different plant
genera classified in this study, were found to be consumed by both species. Therefore,
the low similarity of preferred plants in the diets between the two families suggests that
there is little interspecific competition. These findings are important for future
conservation management of highland primates, especially in the Genting Highlands.
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Introduction

Genting Highlands is a potential highland area for ecotourism, with a height of 1770 m
a.s.l. and has several residential neighbourhood hotels, amusement parks and casinos at
the top (Peh et al. 2011). It is located in Bentong, Pahang. Despite the hilltop of the
Genting Highlands being opened for amusement and tourism activities, approximately
4297 ha of the surrounding logged forest is being protected for sustainability purposes (
Peh et al. 2011). The foothills and peaks of Gunung Bunga Buah and Gunung Ulu Kali
have been identified as suitable flora conservation sites (Ariffin and Kumari 1989, Kumari
1989). The area is predicted to have over 460 types of flowering and non-flowering
plants, divided into 90 families. In terms of fauna diversity, the Genting Highlands has
diverse wildlife, including 18 amphibian, 134 bird, 42 mammal and 18 reptile species (
Musthafa and Abdullah 2019). Nevertheless, the continuous rapid development of the
surrounding area in the Genting Highlands has impacted the forest area, thereby altering
the composition of flora and fauna species (Chua and Saw 2001). Chua and Saw (2001)
also noted a dramatic decrease in floral variations in the Genting Highlands because of
significant environmental changes.

Early reports have identified a few species of primates in the Genting Highlands,
including Symphalangus syndactylus, Trachypithecus obscurus, Presbytis siamensis,
Macaca nemestrina and Macaca fascicularis (Md-Zain et al. 2021). Conducting studies
on primate species within the Genting Highlands is suitable because it provides an
excellent habitat for primates with a relatively preserved area, free from logging
activities that could obstruct the primate’s access to food or shelter (Azmi 2021).
Furthermore, the occurrence of mixed-species associations within the primate
communities in the Genting Highlands was previously observed to have social interaction
with each other in close proximity (Md-Zain et al. 2021). Based on these results, it was
also stated that S. syndactylus exhibited non-hostile interactions since it made an effort to
get close to other species, including M. fascicularis and T. obscurus. An interaction that
involves any two or more species that live in close proximity is referred to as an
interspecific association. These interactions can be either direct or indirect and are
characterised by aggressive behaviour, competition or territoriality (Levins 1979,
Armstrong and McGehee 1980). Thus, it is interesting to observe the possibility of
interspecific competition on diet between different families of primates in the Genting
Highlands. This study focused only on two selected species, S. syndactylus (siamang)
and M. nemestrina (pig-tailed macaque), which represent the families Hylobatidae and
Cercopithecidae, respectively (Fig. 1).



Symphalangus syndactylus (siamang) is the largest member of the family Hylobatidae
and can be found in the Malay Peninsula and Sumatra. There are two recognised
subspecies: S. syndactylus (Sumatra) and S. syndactylus continents (Malay Peninsular) (
Gron 2008). A recent study by Sariyati et al. (2024) also reported that, based on the
hypervariable region of mitochondrial DNA, molecular phylogeny validates the
subspecies delineation of the Malayan Siamang (Symphalangus syndactylus continentis)
and the Sumatran Siamang (Symphalangus syndactylus syndactylus). Symphalangus
syndactylus can easily manoeuvre through trees by performing hand-over-hand
movements with a swinging posture because they have long arms and well-adapted
hands. One of the distinguishing features of S. syndactylus that differentiates them from
other gibbons is their distinctively loud call (Marshall and Sugardjito 1986). Both males
and females will assist in synchronising their calls to mark their territory. They can be
found in lowland areas up to 1,500 m a.s.l. in primary and secondary forests (Shepherd
and Shepherd 2017). In terms of their diet, S. syndactylus generally consumes most parts
of plants, including young leaves (Nurcahyo 2001), fruits, leaves (Macdonald 2004) and
bark (Riley 2008). Currently, S. syndactylus is classified as an endangered species
according to the International Union for Conservation of Nature (IUCN 2022). Habitat loss
and habitat degradation are the main threats to the population of S. syndactylus (Nijman
etal. 2020).

Macaca nemestrina, known as the Southern pig-tailed macaque, is classified under the
family Cercopithecidae. The distribution of M. nemestrina includes Peninsular Malaysia,
Borneo, Sumatra, Bangka and Thailand (Roos et al. 2014). Locals from Penang Island on
the west coast and Tioman Island on the east coast of Peninsular Malaysia refer to them
as "beruk" (Abdul-Latiff et al. 2014, Roos et al. 2014, Abdul-Latiff and Md-Zain 2021).
Macaca nemestrina is closely associated with rainforest habitats. They are also
commonly found in hilly areas (Shepherd and Shepherd 2017) and primarily forage on
the ground and their diet includes fruits and small insects (Shepherd and Shepherd 2017
). Previously, there were three subspecies of M. nemestrina, namely M. nemestrina
leonina, M. nemestrina pagensis and M. nemestrina nemestrina (Fooden 1975). These
three subspecies were previously recognised, based on morphological characteristics,
which are pelage colour, pattern and tail morphology. Roos et al. (2014) later amended
the subspecies classification and assigned them according to the species level. In a
recent study by Abdul-Latiff and Md-Zain (2021), a new subspecies of M. nemestrina,
namely M. nemestrina perakensis, was proposed and named, based on their location in
Selama, Perak. The new subspecies was described, based on its morphology and
genetics, which differ from M. nemestrina nemestrina. At present, M. nemestrina is listed
as endangered by the IUCN and its population is primarily decreasing because of habitat
loss, particularly widespread deforestation and the degradation of lowland forests in
Malaysia. Other threats to M. nemestrina include hunting activities and the illegal pet
trade (IUCN 2022).

One of the novel molecular methods to compare and assess the interspecific variation in
diet between S. syndactylus and M. nemestrina efficiently is DNA metabarcoding. DNA
metabarcoding is a recent technological advancement that allows diet assessment in



primates to be performed using non-invasive techniques via faecal collection. This
technique is particularly beneficial when direct observation of feeding is not possible,
especially for species that are free and wild and where plants are required to be visually
identified. One of the advantages is that it provides better coverage when identifying rare
taxa within an ecosystem (Pavan-Kumar et al. 2015) by generating hundreds of
thousands or millions of sequencing reads to identify species (Othman et al. 2021). DNA
metabarcoding is able to perform plant dietary analyses (Mallott et al. 2018) and the use
of the trnL gene is a more robust marker than other markers such as rbcL. lts P6 loop
region is sufficient to perform DNA metabarcoding on a degraded sample, such as a
faecal sample (Taberlet et al. 2007). In recent years, there have been a few mammal diet
studies that have successfully used the DNA metabarcoding approach in Malaysia, such
as Osman et al. (2020), Osman et al. (2022) [primate], Abdullah-Fauzi et al. (2022) and
Mohd-Radzi et al. 2022 [elephant]. This implies that DNA metabarcoding offers a wider
and more powerful diet assessment compared to direct observation. This technique has
also proven successful in being widely used in other aspects, such as microbiome
studies (Mohd-Yusof et al. 2022, Gani et al. 2024).

At present, there is a lack of studies considering the diet of wild S. syndactylus and M.
nemestrina, especially in highland areas, such as the Genting Highlands. Genting
Highlands is a suitable site to conduct research on primate diets because itis surrounded
by both developed regions, including hotels and housing estates and agricultural areas,
as well as the remaining forest (Ng et al. 2012). The potential of DNA metabarcoding
applications is vast, with the ability to quickly determine the species composition of
practically any sample (Dormontt et al. 2018). Thus, DNA metabarcoding of the primates’
diet in this study is the most suitable technique to provide powerful insights into the diet
variation between S. syndactylus and M. nemestrina by generating a list of plants eaten
by both species in the highland area. Data from the diet composition will contribute to our
knowledge of feeding patterns and foraging techniques (Zhang et al. 2024). Therefore,
the objectives of this study were to assess and compare the dietary preferences and to
determine the presence of interspecific competition between S. syndactylus and M.
nemestrina, based on their diet intake.

Material and methods

Faecal sample collection

All analysed samples (n = 8) in the present study were collected from non-invasive faecal
material sampled at the Genting Highlands, Pahang (3°2525"N, 101°47'36"E) (Table 1
, Fig. 2). Sample collection for S. syndactylus was conducted from March 2021 until June
2022, while M. nemestrina was collected in October 2020. Only one individual of M.
nemestrina was used in this study because of the limited sample availability during faecal
collection at the Genting Highlands. Thus, the findings from this research are still at a
preliminary stage. The samples were collected from the core of the faecal mass to avoid
including other contaminants (Gani et al. 2024). The collected faecal samples were



placed into sterile 45-ml tubes and fixed with 95% ethanol for long-term storage (
Khairulmunir et al. 2023). All samples were labelled and stored at -20°C. The faecal
samples were genetically identified using mitochondrial DNA D-loop region sequences
and confirmed using NCBI GenBank BLASTh.

Library preparation and sequencing of trnL amplicons

DNA was extracted from approximately 400 mg of each faecal sample using the
innuPREP Stool DNA Kit (Analytik Jena, Jena, Germany) according to the manufacturer’s
instructions. The quality of the purified DNA was assessed on a 1% TAE agarose gel and
the DNA concentration was measured using a spectrophotometer (Implen
NanoPhotometer® N60/N50) and via fluorometric quantification using an iQuant™ Broad
Range dsDNA Quantification Kit. Eight purified genomic DNA (gDNA) samples with good
DNA quality were subjected to library preparation for trnL gene amplicon sequencing.
The purified gDNA was amplified using locus-specific sequence primers of the trnL gene

with overhang adapters (trnL-forward: 5'
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-[GGGCAATCCTGAGCCAA] 3' and
trnL-reverse: 5' GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-

[CCATTGAGTCTCTGCACCTATC] 3') (Taberlet et al. 2007). Library amplification was
performed using KOD-Multi & Epi-® (Toyobo). Dual indices were attached to the
amplicon PCR using the lllumina Nextera XT Index Kit version 2, according to the
manufacturer’'s protocols. The quality of the libraries was measured using an Agilent
Bioanalyzer 2100 System with an Agilent DNA 1000 Kit and via fluorometric
quantification using Helixyte Greena Quantifying Reagent. The library was normalised
and pooled according to the protocol recommended by lllumina, and 150-paired-end
sequencing was performed using the MiSeq platform.

Data processing and statistical analysis

Raw FASTQ data from the eight samples were filtered and assessed using fastqc (https:/
www.bioinformatics.babraham.ac.uk/projects/fastqc/). Subsequently, amplicon sequence
variant (ASV) data were produced through a process that included filtering, denoising,
merging and removing chimeras using DADA2 (Callahan et al. 2016). Taxonomic
assignment was performed against the NCBI GenBank database. The resulting ASV data
were then imported and subjected to dietary characterisation analysis using R Studio
(version 2023.09.1).

Data resources

All next-generation sequencing data have been uploaded to the National Center of
Biotechnology Information (NCBI) under the Sequence Read Archive Bioproject
accession number PRINA1073585. The biosample accession numbers corresponding to
each of the samples are listed in Table 1.
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Results

Sequencing bioinformation analysis and dietary characterization

The lllumina MiSeq sequencing run successfully generated 756,663 raw reads for the
trnL marker from the eight gDNA samples. The average number of reads per sample
ranged from 65,723-105,212. Table 1 lists the total number of raw reads, followed by the
filtered, denoised and merged data, with chimera sequences removed. The final non-
chimeric sequences consisted of 640,991 reads that were used for diet profiling
analyses, which resulted in 140 ASVs (Table 1). From the total non-chimeric reads, the
taxonomic classification indicated that 32.5% of the trnL sequences could not be
assigned to any taxonomic group (unknown/unidentified sequences).

The 140 ASVs obtained featured 26 orders, 46 families, 60 genera and 49 species that
were identified from 23 classes. Both S. syndactylus and M. nemestrina exhibited
different plant dietary intakes that were identified in 23 and 15 orders, respectively. The
most prevalent plant orders identified as being consumed by S. syndactylus were
Fabales (33.37%), Rosales (17.58%), Asterales (4.74%), Myrtales (3.69%) and Ericales
(2.13%). Meanwhile, the most abundant order identified as being consumed by M.
nemestrina was Piperales (51.25%), followed by Arecales (23.51%), Oxalidales (2.6%),
Polypodiales (2.51%) and Myrtales (2.44%). Fig. 3 shows the top 15 identified plants at
the order level.

Taxonomy classification results showed differences in the prevalent plant taxa of the diets
between S. syndactylus and M. nemestrina. Symphalangus syndactylus displays a
similar pattern of plant preferences (Fig. 4). In S. syndactylus samples, the Fabaceae
family exhibited the highest abundance at 32.9%, followed by Moraceae (17.43%),
Asteraceae (4.74%), Myrtaceae (3.67%) and Ebenaceae (2.13%). Meanwhile, the most
prevalent family species in the diet intake of M. nemestrina were identified as Piperaceae
(51.25%), Arecaceae (23.51%), Connaraceae (2.6%), Melastomataceae (2.44%) and
Moraceae (2.31%). The Venn diagram below illustrates both the number and percentage
of the shared core ASVs between the S. syndactylus and M. nemestrina samples. Of the
total ASVs detected, 48 exhibited an exclusive composition in all samples at the family
level, whereas 11 ASVs were unique to S. syndactylus and 25 ASVs belonged to M.
nemestrina. Interestingly, 12 ASVs were common to both S. syndactylus and M.
nemestrina (Fig. 5).

The sunburst chart displays the taxonomic composition and relative abundance of the
most prevalent taxa at the order, family and genus levels from the faecal samples of both
S. syndactylus (siamang) and M. nemestrina (pig-tailed macaque) (Fig. 6). Each ring is
segmented proportionally to convey its relative taxonomic abundance. The order Fabales
represents the most abundant plant's genus in the S. syndactylus faecal sample. The
primary genera found in the Fabales order were Inga, followed by Pueraria, Paubrasilia,



Mimosa, Senegalia, Pediomelum, Glycine (soybean) [Family: Fabaceae] and

Xanthophyllum [Family: Polygalaceae]. Other prominent genera identified in the S.
syndactylus sample include Artocarpus (terap), Ficus (common fig), Myrcia, Diospyros
(kayu arang), Grewia (chenderai), Quercus (oak) and Mangifera (mango). The dominant
genus identified in the faecal samples of M. nemestrina included Piper (pepper), Phoenix
and Mauritia (palm), Connarus (woody climber), Pleocnemia and Christella (fern), Blakea
(senduduk), Phrynium (arrowroot), Musa (banana), Ficus (common fig), Oryza (rice), Zea
(corn), Calophyllum (bintangor), Mangifera (mango) and Aglaia (bekak). From the listed
plant genera, both Paurasilia and Pediomelum were found to be native from other
continental. The identification of these plant genera were based on similarities in DNA
sequences with actual plants that are not included in the database. Plants are assigned
to the nearest genus when there is low or virtually identical sequence variation, which
also contributes to the conflictin diet identification using the trnL gene region (Valentini et
al. 2009). Furthermore, only six species of plants from the 60 identified genera were
consumed by both S. syndactylus and M. nemestrina in the Genting Highlands, which
included Blakea sp., Diospyros sp., Ficus sp., Glycine sp., Mangifera sp. and

Xanthophyllum sp.

Discussion

Overall, this study revealed that Fabaceae and Moraceae (Artocarpus sp. and Ficus sp.)
were the preferred diets consumed by S. syndactylus in the Genting Highlands, which
accounted for 50.33% of the total diet, with Fabaceae as the most diverse diet. Based on
a previous study on S. syndactylus in the Genting Highlands, nine species of plants were
identified in their diet, including Ardisia crispa, Caryota mitis, Duabanga grandiflora,
Ficus benjamina, Ficus racemosa, Ficus septica, Heritiera sumatrana, Piper aduncum
and Syzygium campanulatum (Muhd-Sahimi et al. 2020), with the fruits from Ficus sp.
being the most consumed plant. However, no traces of these plant species were detected
in this study, except for Ficus spp. Generally, S. syndactylus in the wild primarily feeds on
fruits (49%) and leaves (38%). In addition, they include flowers and insects in their dietin
smaller percentages (Palombit 1992, Palombit 1997, Bartlett 2007). Compared to its
sister genus, Hylobates lar, which prefers pulpy fruit trees and lianas, S. syndactylus
prefers immature foliage, mainly from lianas, because it provides more young leaves
compared to other trees (Palombit 1997). Meanwhile, for M. nemestrina in the Genting
Highlands, Piperaceae (Piper sp.) was the most abundant plant consumed, followed by
Arecaceae (Phoenix sp. and Mauritia sp.), which accounted for 74.76% of its total diet.
Unlike its sister species, the family Fabaceae and Moraceae is the preferred diet for both
Macaca fascicularis and Macaca arfoides (Osman et al. 2020, Osman et al. 2022).
However, notably, M. nemestrina in the Genting Highlands also preferred Ficus sp.,
which is a similar preferred diet for both M. fascicularis and M. arctoides. According to
Phillipps and Phillipps (2018), 90% of the food intake of M. nemestrina is fruit. In addition,
because of the many oil palm plantations along the edge of forests in Borneo, oil palm
fruits appear to replace figs as the fallback diet (Phillipps and Phillipps 2018).



Genting Highlands is a place that embodies nature, entertainment, hospitality and
tourism. It harbours primate communities from the families Hylobatidae and
Cercopithecidae (Md-Zain et al. 2021), such as S. syndactylus (siamang), T. obscurus
(dusky langur), P. siamensis (pale-thighed langur), M. nemestrina (pig-tailed macaque)
and M. fascicularis (long-tailed macaque), which have been reported to co-exist with one
another within the same area (Palombit 1992, Gron 2008, Md-Zain et al. 2021).
Overlapping of niche resources may occur if the primate density in the area increases (
Md-Zain et al. 2021). Based on the findings of this study, it is suggested that little
interspecific competition in diet was detected between Hylobatidae (S. syndactylus) and
Cercopithecidae (M. nemestrina), with only 10% shared plant genera in their diet. In
terms of plant similarities, only 10 plants from 46 families were consumed by both
species, including Anacardiaceae, Arecaceae, Euphorbiaceae, Fabaceae, Fagaceae,
Melastomataceae, Moraceae, Poaceae and Polygalaceae. Congruent with the previously
reported diet of Hylobatidae and Cercopithecidae by Barus et al. (2018), which was
conducted at the Ape Park Tourist Area Forest of North Sumatera, Arecaceae,
Euphorbiaceae, Fagaceae and Moraceae were amongst the common shared plants
between S. syndactylus and M. nemestrina. Apart from their diet similarities, the findings
of this study further revealed that, out of the 46 families identified using the trnL marker
barcoding, 25 families were not present in S. syndactylus. The families Piperaceae,
Connaraceae and Dryopteridaceae were absent in S. syndactylus, which suggests that
they did not consume species from these families. However, Asteraceae and Myrtaceae
were not detected in M. nemestrina. Therefore, it can also be concluded that the mixed
association of these species in the Genting Highlands does not significantly affect their
feeding activities.

Ficus sp. (Moraceae) was the only plant amongst the top five preferred diets consumed
by both S. syndactylus and M. nemestrina in this study. In particular, S. syndactylus
spends twice as much of their feeding activity consuming fig fruits (Ficus spp.; Moraceae)
(Palombit 1997). The majority of primates in the Genting Highlands commonly ate fig
trees (Ficus benjamina) and nearly 80% of the Genting Highland primates rely on these
trees for sustenance (Md-Zain et al. 2021). As both S. syndactylus and M. nemestrina
have a similarly high preference for Ficus sp., it is predicted that these primates may
exhibit niche differentiation behaviour, either spatial-, trophic- or time-dependent, to
decrease any form of interspecific competition between them. Based on the niche
partitioning hypothesis, heterogeneity in food and habitat utilisation amongst group
members reduces competition between conspecific, cohesively grouped species (
Sheppard et al. 2018). This was observed by Md-Zain et al. (2021), where members of
Cercopithecidae in the Genting Highlands were simultaneously observed foraging for
fruits from a fig tree. However, these Cercopithecidae members dispersed when S.
syndactylus started to roam the area to forage. Furthermore, S. syndactylus is a strictly
arboreal species, using every canopy level that is commonly found in highland areas.
Unlike S. syndactylus, M. nemestrina is a terrestrial primate that feeds on scarce fruiting
trees (Phillipps and Phillipps 2018) and spends most of its time in the lower canopy (
Bowles 1989). Macaca nemestrina only forages in the upper canopy to consume large



fruiting trees (Bowles 1989). The behavioural differences in their niche elevation may
have allowed them to share similar fig trees in the Genting Highlands.

Overlapping of niches was also observed in other species of Hylobatidae (Hoolock
hoolock) and Cercopithecidae (Macaca leonine) at Satchari National Park, situated
within the Raghunandan Hill Reserve Forest, Bangladesh. A study by Neha et al. (2021)
presented similar findings amongst the shared plants in common between both families.
The diet competition between H. hoolock and M. leonina was intense because more than
50% of their total diet consisted of shared fruit plants (25 species). In addition, it has been
noted that, by specialising in various food sources and forest patches, H. hoolock
generally reduces interspecific competition with other species (Neha et al. 2021). These
interactions would putatively explain how members of Hylobatidae can co-exist with
members of Cercopithecidae in the same area.

The elucidation of the diet of wild primates has allowed researchers to compare the
dietary niches of various species that co-exist within a shared habitat (Tutin and
Fernandez 1993). The distribution and accessibility of food resources play a significant
role in determining ecological variation between different primate species. The Genting
Highland flora represents a rarely dispersed higher montane cloud forest and elfin
woodland in Peninsular Malaysia (Stone 1981). Although the surroundings ecosystems
may have been affected by current development, the habitat areas are considered to be
preserved as virgin forest (Azmi 2021). Notably, this study found that both S. syndactylus
and M. nemestrina are generalist frugivores because their main intake in the Genting
Highlands is a varied, fruit-dominant diet. In fact, M. nemestrina is known to be the most
frugivorous species compared to other Macaca spp. (Caldecott 1986). Nevertheless,
based on this study, the dietary preferences of S. syndactylus and M. nemestrina differed
significantly in the Genting Highlands. Both species displayed a high preference for
various fruiting trees, thus indicating that the flora of this highland area is still well
preserved. The diversity of the diet between these two families suggests that primates in
the Genting Highlands are not affected by changes in their surroundings.

Conclusions

The application of DNA metabarcoding in faecal samples to determine the diet of S.
syndactylus and M. nemestrina identified 60 genera and 49 species of plants. A
comparison of the diets between Cercopithecidae and Hylobatidae revealed only minor
similarities in plant consumption, which suggests that both groups have different diet
preferences provided that food sources are not scarce. The diversity of diet preferences
for fruiting trees also suggests that these primates are not significantly affected by the
current development in the Genting Highlands. Although the data for M. nemestrina are
derived from a single individual, current findings on their diet can be used as
fundamental data and estimations for future study. Amongst the six genera consumed by
both species, Ficus sp. had the highest prevalence. Niche differentiation behaviour may
have been performed by the primates to prevent interspecific competition for Ficus sp.
Due to the lack of published studies, especially regarding primates in highland areas



such as the Genting Highlands, preliminary diet data from this study are necessary as a
basic guideline and for future conservation management purposes by the responsible
authorities. Therefore, due to the limitation of the small sample size in this study, a more
comprehensive study is highly recommended in the future to further elucidate the diet
amongst the primate communities, Hylobatidae and Cercopithecidae in the Genting
Highlands. This include the feeding heights and substrate analysis; collection and
analysis of more faecal samples of different season and factors that affect its variability
diet; and development of a local plant database in Malaysia to support diet identification
in primates.

Acknowledgements

We wish to thank the Director General (YBhg. Dato' Abdul Kadir bin Abu Hashim) and
Director of the Ex-situ Conservation Division of Department of Wildlife and National Parks
(PERHILITAN) Peninsular Malaysia for the support and permission to conduct this study
JPHL&TN(IP):100-34/1.24 JId 19 (14.4) and JPHL&TN(IP):100-34/1.24J1d16(14). We are
also thankful to the Universiti Kebangsaan Malaysia for the lab facilities and cytogenetic
lab members for the assistance. We would like to thank Genting Nature Adventure,
Resorts World Awana Hotel, Genting Highlands especially Pat Ang. The authors
acknowledge The National Conservation Trust Fund for Natural Resources (NCTF),
ST-2022-027, funded by the Ministry of Natural Resources, Environment and Climate
Change, Malaysia. This study was partially funded by Universiti Kebangsaan Malaysia
ST-2021-017.

Funding program

The National Conservation Trust Fund for Natural Resources (NCTF)

Grant title

NCTF ST-2022-027, ST-2021-017

Hosting institution

Universiti Kebangsaan Malaysia

Ethics and security

Research methods reported in this manuscript adhered to the legal requirements of
Malaysia and was approved by Department of Wildlife and National Parks
(PERHILITAN), Peninsular Malaysia, Malaysia under research permit JPHL&TN(IP):
100-34/1.24 Jid 19 (14.4) and JPHL&TN(IP):100-34/1.24J1d16(14).

10



Author contributions

RCTT, MG, NAO wrote the manuscript; EC, BMMZ conducted field sampling; RCTT, NAO
conducted laboratory work; RCTT, MG conducted all the data analyses; ARMR, NRA,
NMD, SK, ERR, BMMZ critically revised the intellectual content. All authors read and
approved the final version of the manuscript.

Conflicts of interest

The authors have declared that no competing interests exist.

References

. Abdullah-Fauzi NAF, Karuppannan KV, Mohd-Radzi NHS, Gani M, Mohd-Ridwan AR,
Othman N, Haris H, Sariyati NH, Aifat NR, Abdul-Latiff MAB, Abdul-Razak MFA, Md-Zain
BM (2022) Determining the dietary preferences of wild asian elephants (Elephas
maximus) in Taman Negara National Park, Malaysia based on sex and age using trnL
DNA metabarcoding analysis. Zool Stud 61 (60). https://doi.org/10.6620/ZS.2022.61-60

. Abdul-Latiff MAB, Ampeng A, Yaakop S, Md-Zain BM (2014) Phylogenetic relationships
of Malaysia’s pig-tailed macaque Macaca nemestrina based on D-loop region sequences.
In AIP Conference Proceedings 1614: 772-776. https://doi.org/10.1063/1.4895300

. Abdul-Latiff MAB, Md-Zain BM (2021) Taxonomy, evolutionary and dispersal events of
pig-tailed macaque, Macaca nemestrina (Linnaeus, 1766) in Southeast Asia with
description of a new subspecies, Macaca nemestrina perakensis in Malaysia. Zoological
Studies 60 (e50). https://doi.org/10.6620/2S.2021.60-50

. Ariffin |, Kumari K (1989) Management survey of relict forest patches in Selangor Darul
Ehsan: A focus on the Batu Caves limestone outcrop. WWF Malaysia, 1-25 pp.

. Armstrong RA, McGehee R (1980) Competitive Exclusion. The American Naturalist 115
(2): 151-170. https://doi.org/10.1086/283553

. Azmi NAS (2021) Primat genting highlands, pahang: kepelbagaian, asosiasi
percampuran spesies dan kewujudan bersama manusia. BSc Thesis. Universiti Malaysia
Kebangsaan.

. Bartlett TQ (2007) The Hylobatidae: small apes of Asia. In: Campbell CJ, Fuentes A,
MacKinnon KC, Panger M, Bearder SK (Eds) Primates in perspective. Oxford University
Press, New York, 274-89 pp.

. Barus JA, Hidayat JW, Maryono M (2018) Primates (Symphalangus syndactylus
syndactylus, Macaca nemestrina, Macaca fascicularis) population in the Ape Park Tourist
Area Forest for special purpose of Aek Nauli. E3S Web of Conferences 73 (04018).
https://doi.org/10.1051/e3sconf/20187304018

. Bowles D (1989) Preliminary observations of a group of pig-tailed macaques (Macaca
nemestrina) in Khao Chi-On non-hunting area, Chonburi province, South-east Thailand.
Natural History Bulletin of the Siam Society 37 (1): 75-85.

11


https://doi.org/10.6620/ZS.2022.61-60
https://doi.org/10.1063/1.4895300
https://doi.org/10.6620/ZS.2021.60-50
https://doi.org/10.1086/283553
https://doi.org/10.1051/e3sconf/20187304018

Caldecott JO (1986) An ecological and behavioural study of the pig-tailed macaque.
Contributions to Primatology. Cited in Bowles, D. (1989). Preliminary observations of a
group of pig-tailed macaques (Macaca nemestrina) in Khao Chi-On non-hunting area,
Chonburi province, South-east Thailand. Natural History Bulletin of the Siam Society 37
(1): 75-85.

Callahan BJ, McMurdie PJ, Rosen MJ, Han AW, Johnson AJA, Holmes SP (2016)
DADAZ2: High-resolution sample inference from Illumina amplicon data. Nature Methods
13: 581-583. https://doi.org/10.1038/nmeth.3869

Chua LSL, Saw LG (2001) A reassessment of the flora of Gunung Uli Kali, Genting
Highlands Malaysia - preliminary findings and trends. Malayan Nature Journals 55 (2):
65-76.

Dormontt EE, van Dijk K, Bell KL, Biffin E, Breed MF, Byrne M, Caddy-Retalic S,
Encinas-Viso F, Nevill PG, Shapcott A, Young JM, Waycott M, Lowe AJ (2018) Advancing
DNA barcoding and metabarcoding applications for plants requires systematic analysis of
herbarium collections—an Australian perspective. Frontiers in Ecology and Evolution 6
https://doi.org/10.3389/fevo.2018.00134

Fooden J (1975) Taxonomy and evolution of lion tail and pigtail macaques (Primates:
Cercopithecidae). Fieldiana Zoology 67: 1-169.

Gani M, Mohd-Ridwan AR, Sitam FT, Kamarudin Z, Selamat SS, Awang NMZ,
Karuppannan KV, Md-Zain BM (2024) Habitat shapes the gut microbiome diversity of
Malayan tigers (Panthera tigris jacksoni) as revealed through metabarcoding 16S rRNA
profiling. World J Microbiol Biotechnol. 40 (4): 111. https://doi.org/10.1007/
s11274-023-03868-x

Gron KJ (2008) Primate factsheets: Siamang (Symphalangus syndactylus) Taxonomy,
morphology & ecology. http://pin.primate.wisc.edu/factsheets/entry/siamang

IUCN (2022) The IUCN Red List of Threatened Species. IUCN Red List of Threatened
Species; IUCN. https://www.iucnredlist.org/. Accessed on: 2023-12-12.

Khairulmunir M, Gani M, Karuppannan KV, Mohd-Ridwan AR, Md-Zain BM (2023) High-
throughput DNA metabarcoding for determining the gut microbiome of captive critically
endangered Malayan tiger (Panthera tigris jacksoni) during fasting. Biodiversity Data
Journal 11 _https://doi.org/10.3897/bdj.11.e104757

Kumari K (1989) Management survey of relict forest patches in Selangor Darul Ehsan:
focus on the Gunung Bunga Buah Ridge. WWF Malaysia, 1-30 pp.

Levins R (1979) Coexistence in a variable environment. American Naturalist 114:
765-783. https://doi.org/10.1086/283527

Macdonald DW (2004) The new encyclopedia of mammals. Oxford University Press,
United Kingdom.

Mallott EK, Garber PA, Malhi RS (2018) trnL outperforms rbcL as a DNA metabarcoding
marker when compared with the observed plant component of the diet of wild white-faced
capuchins (Cebus capucinus, Primates). PLOS One 13 (6): e0199556. https://doi.org/
10.1371/journal.pone.0199556

Marshall J, Sugardjito J (1986) Gibbon systematics. In: Swindler DR, Erwin J (Eds)
Comparative primate biology. Vol. I: Systematics, evolution, and anatomy. Alan R. Liss,
Inc, New York, 137-185 pp.

Md-Zain BM, Mohd-Ridwan AR, Muhdsahimi HN, Abdul-Latiff MAB, Chan E (2021) Mixed-
species association among Malaysian primates during the covid-19 outbreak in Genting

12


https://doi.org/10.1038/nmeth.3869
https://doi.org/10.3389/fevo.2018.00134
https://doi.org/10.3389/fevo.2018.00134
https://doi.org/10.1007/s11274-023-03868-x
https://doi.org/10.1007/s11274-023-03868-x
http://pin.primate.wisc.edu/factsheets/entry/siamang
https://www.iucnredlist.org/
https://doi.org/10.3897/bdj.11.e104757
https://doi.org/10.1086/283527
https://doi.org/10.1371/journal.pone.0199556
https://doi.org/10.1371/journal.pone.0199556

Highlands, Peninsular Malaysia. Journal of Sustainability Science and Management 16
(1): 1-10. https://doi.org/10.46754/jssm.2021.01.001

Mohd-Radzi NHS, Karuppannan KV, Abdullah-Fauzi NAF, Mohd-Ridwan AR, Othman N,
Abdul-Latiff MAB, Gani M, Abdul-Razak MFA, Md-Zain BM (2022) Determining the diet of
wild Asian elephants (Elephas maximus) at human—elephant conflict areas in Peninsular
Malaysia using DNA metabarcoding. Biodiversity Data Journal 10: €89752. https://doi.org/
10.3897/BDJ.10.e89752

Mohd-Yusof NS, Abdul-Latiff MAB, Mohd-Ridwan AR, Badrulisham AS, Othman N,
Yaakop S, Md-Nor S, Md-Zain BM (2022) First report on metabarcoding analysis of gut
microbiome in Island Flying Fox (Pteropus hypomelanus) in island populations of
Malaysia. Biodiversity Data Journal 10: €69631. https://doi.org/10.3897/BDJ.10.e69631
Muhd-Sahimi HN, Mat-Ami R, Zawawi ZA, Mohd-Suri MS, Abdul Rahman MT, David
Magintan D, Chan E, Pat Ang P, Isa HM (2020) A preliminary assessment of plant species
consumed as food by Symphalangus syndactylus (siamang) in Genting Highlands,
Pahang. Journal of Wildlife and Parks 35: 145-152.

Musthafa MM, Abdullah F (2019) Coleoptera of Genting Highlands, Malaysia: species
richness and diversity changes along the elevation. Arxius de Miscellania Zoologica 17:
123-144. https://doi.org/10.32800/am2.2019.17.0123

Neha SA, Khatun UH, Ul Hasan MA (2021) Resource partitioning and niche overlap
between hoolock gibbon (Hoolock hoolock) and other frugivorous vertebrates in a tropical
semi-evergreen forest. Primates 62 (2): 331-342. https://doi.org/10.1007/
$10329-021-00888-9

Ng YJ, Go R, Nulit R, Khor HE, Tan MC, Nordin FA, Nuruddin AA, Lee NS (2012) Orchids
of Cloud Forest in Genting Highlands, Pahang, Malaysia. Sains Malaysiana 41 (5):
505-526.

Nijman V, Geissmann T, Traeholt C, Roos C, Nowak MG (2020) Symphalangus
syndactylus. The IUCN Red List of Threatened Species 2020. https://dx.doi.org/10.2305/
IUCN.UK.2020-2.RLTS.T39779A17967873.en

Nurcahyo A (2001) Daily ranging, home range, foods, feeding and galling in siamang (
Hylobates syndactylus), Bukit Barisan Selatan National Park in space and time. In
Research Report WCS-IP/PHKA. Bogor, Indonesia.

Osman NA, Abdul-Latiff MAB, Mohd-Ridwan AR, Yaakop S, Nor SM, Md-Zain BM (2020)
Diet composition of the wild stump-tailed macaque (Macaca arctoides) in Perlis State
Park, Peninsular Malaysia, using a chloroplast trnL DNA metabarcoding approach: A
preliminary study. Animals 10 (12): 2215. https://doi.org/10.3390/ani10122215

Osman NA, Abdul-Latiff MAB, Mohd-Ridwan AR, Yaakop S, Karuppannan KV, Md-Zain
BM (2022) Metabarcoding data analysis revealed the plant dietary variation of long-tailed
macaque Macaca fascicularis (Cercopithecidae, Cercopithecinae) living in disturbed
habitats in Peninsular Malaysia. Biodiversity Data Journal 10 _https://doi.org/10.3897/bd].
10.e89617

Othman N, Haris H, Fatin Z, Najmuddin MF, Sariyati NH, Md-Zain BM, Abdul-Latiff MAB
(2021) A review on environmental DNA (eDNA) metabarcoding markers for wildlife
monitoring research. In IOP conference series: Earth and environmental science. IOP
Publishing 736 (1): 012054.

Palombit RA (1992) Pair bonds and monogamy in wild siamang (Hylobates syndactylus)
and white-handed gibbon (Hylobates lar) in norther Sumatra. PhD dissertation. University
of California, Davis.

13


https://doi.org/10.46754/jssm.2021.01.001
https://doi.org/10.3897/BDJ.10.e89752
https://doi.org/10.3897/BDJ.10.e89752
https://doi.org/10.3897/BDJ.10.e69631
https://doi.org/10.32800/am2.2019.17.0123
https://doi.org/10.1007/s10329-021-00888-9
https://doi.org/10.1007/s10329-021-00888-9
https://dx.doi.org/10.2305/IUCN.UK.2020-2.RLTS.T39779A17967873.en
https://dx.doi.org/10.2305/IUCN.UK.2020-2.RLTS.T39779A17967873.en
https://doi.org/10.3390/ani10122215
https://doi.org/10.3897/bdj.10.e89617
https://doi.org/10.3897/bdj.10.e89617

Palombit RA (1997) Inter- and intraspecific variation in the diets of sympatric siamang (
Hylobates syndactylus) and lar gibbons (Hylobates lar). Folia Primatologica 68 (6):
321-337. https://doi.org/10.1159/000157260

Pavan-Kumar A, Gireesh-Babu P, Lakra WS (2015) DNA metabarcoding: A new approach
for rapid biodiversity assessment. Journal of Cell Science & Molecular Biology 2 (1): 111.
Peh KSH, Soh MC, Sodhi NS, Laurance WF, Ong DJ, Clements R (2011) Up in the
clouds: is sustainable use of tropical montane cloud forests possible in Malaysia.
BioScience 61 (1): 27-38. https://doi.org/10.1525/bio.2011.61.1.8

Phillipps Q, Phillipps K (2018) Phillipps’ field guide to the mammals of Borneo and their
ecology : Sabah, Sarawak, Brunei, and Kalimantan. John Beaufoy Publishing.

Riley RW (2008) Husbandry manual for siamang, Hylobates syndactylus (Mammalia:
Hylobatidae). Western Sydney Institute of TAFE, Richmond, Australia.

Roos C, Boonratana R, Supriatna J, Fellowes JR, Groves CP, Nash SD, Ryland AB,
Mittermeier RA (2014) An updated taxonomy and conservation status review of Asian
primates. Asian Primates Journal 4: 2-38.

Sariyati NH, Abdul-Latiff MAB, Aifat NR, Mohd-Ridwan AR, Osman NA, Karuppannan KV,
Chan E, Md-Zain BM (2024) Molecular phylogeny confirms the subspecies delineation of
the Malayan Siamang (Symphalangus syndactylus continentis) and the Sumatran
Siamang (Symphalangus syndactylus syndactylus) based on the hypervariable region of
mitochondrial DNA. Biodiversity Data Journal 12: €120314. https://doi.org/10.3897/BDJ.
12.e120314

Shepherd CR, Shepherd LA (2017) A naturalist guide to the primates of Southeast Asia:
East Asia and the Indian sub-continent. John Beaufoy Publishing, Oxford, United
Kingdom.

Sheppard CE, Inger R, McDonald RA, Barker S, Jackson AL, Thompson FJ, et al. (2018)
Intragroup competition predicts individual foraging specialisation in a group-living
mammal. Ecology Letters 21 (5): 665e673. https://doi.org/10.1111/ele. 12933

Stone BC (1981) The summit flora of Gunung Ulu Kali (Pahang, Malaysia). Federation
Museums Journal 26: 1-43.

Taberlet P, Coissac E, Pompanon F, Gielly L, Miquel C, Valentini A, Vermat T, Corthier G,
Brochmann C, Willerslev E (2007) Power and limitations of the chloroplast trnL (UAA)
intron for plant DNA barcoding. Nucleic Acids Research 35 (3): e14. https://doi.org/
10.1093/nar/gkl938

Tutin CE, Fernandez M (1993) Composition of the diet of chimpanzees and comparisons
with that of sympatric lowland gorillas in the Lopé Reserve, Gabon. American Journal of
Primatology 30 (3): 195-211. https://doi.org/10.1002/ajp.1350300305

Valentini A, Miquel C, Nawaz MA, Bellemain EV, Coissac E, Pompanon F, Gielly L,
Cruaud C, Nascetti G, Wincker P, Swenson JE (2009) New perspectives in diet analysis
based on DNA barcoding and parallel pyrosequencing: the trnL approach. Molecular
Ecology Resources 9 (1): 51-60. https://doi.org/10.1111/].1755-0998.2008.02352.x
Zhang X, Zhong H, Ran J, Luo J, Chen M, Li H, Wang Y, Cheng S, Yan Y, Huang X (2024)
Analysis of winter diet in Guizhou golden monkey (Rhinopithecus brelichi) using DNA
metabarcoding data. Ecology and Evolution 14: e10893. https://doi.org/10.1002/
ece3.10893

14


https://doi.org/10.1159/000157260
https://doi.org/10.1525/bio.2011.61.1.8
https://doi.org/10.3897/BDJ.12.e120314
https://doi.org/10.3897/BDJ.12.e120314
https://doi.org/10.1111/ele.12933
https://doi.org/10.1093/nar/gkl938
https://doi.org/10.1093/nar/gkl938
https://doi.org/10.1002/ajp.1350300305
https://doi.org/10.1111/j.1755-0998.2008.02352.x
https://doi.org/10.1002/ece3.10893
https://doi.org/10.1002/ece3.10893

Figure 1.

Symphalangus syndactylus (siamang) (left) and Macaca nemestrina (pig-tailed macaque)
(right) of Genting Highlands. Photo by Eddie Chan.
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Figure 2.
The map of Genting Highlands.
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Figure 3.

Abundance of the top 15 plant taxa at the order level that were identified in the faecal samples
of Symphalangus syndactylus (siamang) and Macaca nemestrina (pig-tailed macaque).
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Figure 4.

Heatmap of the top 25 plant taxa at the family level in Symphalangus syndactylus (siamang)
and Macaca nemestrina (pig-tailed macaque).
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Figure 5.

The number of unique and shared ASVs between Symphalangus syndactylus (siamang) and
Macaca nemestrina (pig-tailed macaque).
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Figure 6.

Taxonomic composition of the most abundant taxa at the order, family and genus levels in
Symphalangus syndactylus (siamang) and Macaca nemestrina (pig-tailed macaque).
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Table 1.

High-throughput sequence statistics were generated using DADA2 V1.18 tools.

Species

S. syndactylus

M. nemestrina

Sample
SS-792
SS-793
SS-795
SS-797
SS-Noah Wolverine

SS-Optimus pool

Siamang Group Accession No. Raw reads Filtered

Socrates
Socrates
Socrates
Socrates
Wolverine

Optimus

SS-Papa Megatron 3 Megatron

NC13
TOTAL

21

SRR27881821
SRR27881884
SRR27881963
SRR27881964
SRR27882037
SRR27882052
SRR27882068
SRR27883313

88,948
99,630
105,212
103,832
99,578
94,819
98,921
65,723

756,663

67,209
86,235
69,579
101,585
97,473
92,667
96,947
56,679

668,374

Non-chimeric
66,298
85,482
68,052
98,986
94,750
86,512
89,466
51,445

640,991
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