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Abstract

Understanding the prey preference of Malayan tiger (Panthera tigris jacksoni) in Malaysia
is important to guide conservation planning initiatives. The utilisation of DNA metabar-
coding provides valuable insights, particularly in the field of carnivora diet research. This
technique has been proven to be effective for identifying various species within complex
mixtures such as scat materials, where visual identification is challenging. The Cyto-
chrome c oxidase subunit | (COl) locus has been selected as it is a widely used as an
effective non-invasive approach for diet studies. Hence, given this advance approach,
Malayan tiger scats were collected on the basis of existing records of their presence in
two types of habitats, namely, protected areas (PA) and human-tiger conflict (HTC) ar-
eas. This study aimed to identify prey species in Peninsular Malaysia, based on Malayan
tiger scat samples using DNA metabarcoding. Based on the partial mitochondrial COI
region, DNA metabarcoding led to the taxonomic resolution of prey DNA remnants in
scats and the identification of prey species consumed by Malayan tiger, which were pre-
dominately small-to-medium-sized prey, including livestock. The dominant DNA prey de-
tected belongs to the family Canidae, followed by Bovidae, Vespertilionidae, Homonidae,
Felidae, Phasianidae and Muridae. A significant difference (p < 0.05) was observed in
alpha and beta diversity using the Shannon index and PERMANOVA with regard to prey
richness and evenness in two different habitat groups, namely, PA and HTC. Our finding
provides insights into Malayan tiger dietary requirements, which can be used to develop
conservation plans and strategies for Malayan tiger, particularly for habitat priorities.
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Introduction

The Malayan tiger (Panthera tigris jacksoni) is a prominent apex predator, which
has received considerable attention in Malaysia. Peninsular Malaysia constitut-
ed approximately 6% of the land areas in Malaysia and is designated as totally
protected, which comprises national parks and wildlife reserves managed by
the Department of Wildlife and National Parks (PERHILITAN), as well as state
parks under the supervision of state governments (Kawanishi et al. 2010). Ac-
cording to Kawanishi et al. (2010), 51% of Malaysia’s land cover was identified
as a potential tiger habitat, which encompasses 29% confirmed tiger habitat,
9% expected tiger habitat and 13% possible tiger habitat. The potential and
expected tiger habitats have decreased in recent times. Malayan tiger requires
large prey and vast habitats to survive. However, continuous anthropogenic ac-
tivities, such as illegal hunting, industrial and agricultural expansion and the
establishment of human settlements, have resulted in habitat fragmentation
and degradation, which have led to a significant decline in tiger population in
Malaysia (Topani 1990; Elagupillay et al. 2001; Kawanishi et al. 2006; Shevade
et al. 2017; Ten et al. 2021). At present, less than 200 Malayan tigers are left
in the wild habitat (Halim et al. 2019). Other factors that led to the decline of
Malayan tiger population include continuous depletion of prey species in the
Malayan tiger habitat, which are considered as the current leading threats to ti-
gers. The availability of prey species will determine the behaviour, health, social
structure and survival of the Malayan tiger. Tigers can live in a diverse habitat
and environment, in which they can consume prey that is of varying sizes and
their hunting strategies will change depending on the habitat, prey type and
prey size (Karanth 2003).

Predators play a crucial role in shaping the structure of food webs within
ecosystems (Ritchie et al. 2012). The selection of prey can alter the composi-
tion and function of communities and the predator—prey relationship can affect
the structure of habitats, behaviour of populations and their survival rates. Hab-
itat loss and fragmentation also influence the relationship between predator
and their prey (Haapakoski et al. 2013). In addition, habitat degradation greatly
affects large predators that require a large habitat. The social structure of large
predators, such as big cats, depends on the availability of prey biomass (Sim-
charoen et al. 2014) and the availability of the prey in the wild indicates the
resources for their growth, survival and reproduction. The selection of their prey
determines their eating habits, which, in turn, determines their life history strat-
egies, including movement, habitat selection, social structure, geographical
distribution and reproductive success (Sunquist and Sunquist 1989). However,
information regarding real-time prey selection by the Malayan tiger in Peninsu-
lar Malaysia is lacking.

Determining the real-time prey selection by Malayan tiger is necessary to
recognise the essential conservation needs of this endangered species in the
future. Studies on prey selection of predators have been conducted in different
ways, such as direct observation and scat analysis through undigested prey
items remains in scats, such as hair, fur, bone and nails by using microscopic
morphological analysis (Reddy et al. 2004; Ramesh et al. 2009; Kumar 2015;
Upadhyaya et al. 2018; Matthews et al. 2020) and a molecular DNA approach
(Xiong et al. 2017; Thuo et al. 2019; Hacker et al. 2021; Lu et al. 2021). Direct ob-
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servation on the feeding behaviour of Malayan tiger is challenging because of
their elusive habitat and limited accessibility in the wild habitat such as feeding
areas, time-consuming and low population density. This species is also consid-
ered dangerous. Meanwhile, microscopic morphology scat analysis faces mis-
identification to sympatric analysis (Monterroso et al. 2018) and obtaining an
accurate prey list particularly for closely-related prey taxa for species without
the hard component that remains in their scat is difficult (Da Silva et al. 2019).

Both approaches have limitation in our study, such as safety during direct
observation and the lack of a reference library database for hair, fur and other
parts of wildlife. The database remains to be developed by forensic morphol-
ogy teams at the National Wildlife Forensic Laboratory (PERHILITAN). Apart
from scat analysis for undigested prey items to detect a tiger's diet, recent
advances on molecular genetics using high-throughput next-generation se-
quencing (NGS) employing DNA metabarcoding have shown great application
potential in determining the current Malayan tiger prey selection. At present,
the molecular identification of prey items in scats is used to complement mor-
phological analysis. In recent years, DNA metabarcoding has been widely used
to determine various animal taxa diets. A molecular approach to detect prey
items from scats is a time- and cost-effective tool (Mumma et al. 2015), which
can address the difficulties of detecting prey species consumed by the preda-
tor through conventional methods, such as direct observation of feeding be-
haviour and through microscopic analysis.

The research trend of faecal analysis using DNA metabarcoding in Malaysia
has been conducted to various species, such as primate, elephant, bats, birds
and insect (Aziz et al. 2017; Chan et al. 2020; Osman et al. 2020, 2022; Fahi-
mee et al. 2021; Abdullah-Fauzi et al. 2022; Mansor et al. 2022; Mohd-Radzi
et al. 2022). However, lack of research has been conducted on the wild big
cat family using DNA metabarcoding approach, with a specific focus on iden-
tifying the gut microbiome composition in the Malayan tiger (Khairulmunir et
al. 2023). Considering that alternative diet approaches are difficult to adopt
for this species, DNA metabarcoding provides an opportunity to establish the
current prey preference of Malayan tigers in Peninsular Malaysia. This study
used DNA metabarcoding by targeting the partial COIl region to determine prey
preference of Malayan tiger in their natural habitat. COl has been used to iden-
tify prey selection by various species, such as snow leopard, primate, giant ot-
ter, sea lion, bat, bird and wood mouse in previous studies (Srivathsan et al.
2016; Berry et al. 2017; Bohmann et al. 2018; Rytkonen et al. 2018; Hacker et al.
2021; Quéméré et al. 2021; Tercel et al. 2021; Sato et al. 2022) because of its
high resolution of species identification and conserved gene. Therefore, our re-
search aims to detect the prey in Malayan tiger scat using COl metabarcoding.
Tigers are known to have a diverse habitat preference. In Malaysia, tigers roam
areas across a range of forest vegetation types from mountainous to lowland
forests. Tigers may be found near forest edges, which are often adjacent to
human settlements. These areas can provide a mixture of natural habitat and
human-modified landscapes, such as oil palm plantation. Occasionally, tigers
may venture into human settlements, leading to conflicts as they may prey on
livestock or come into contact with humans. This study categorised habitat
preferences into two groups: protected areas (PA) and the forest edge near
human settlement areas (human-tiger conflict, HTC), based on the collected
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samples. Therefore, this study could provide an insight into their current diet in
two different habitats and the information can be used to emphasise the impor-
tance of an effective tiger conservation planning strategy.

Methods

Field sampling and sample collections

A total of 33 scat samples were collected from areas known to be inhabited by
the Malayan tiger between the years 2021 and 2022. Fig. 1 shows the sampling
location in three states of Peninsular Malaysia. Sampling was conducted by
trekking and patrolling in the PA and HTC. Field identification of scats during
scat sample collections was based on size and shape; however, this strategy is
sometimes inconsistent and unreliable as the body size of a carnivore can vary
greatly within a species and age group. The difficulty in finding the scat of Ma-
layan tigers in forests may be attributed to the decrease in tiger population in
the region or forest fragmentation, which also restricts their movement. During
field sampling, all relevant data were collected, including the presence of other
animal species and their traces, to determine the potential prey selection of the
Malayan tiger in the specific study areas. All potential feline scats found during
trekking and searching on the forest floor were collected, regardless of how old
they were assumed to be (probably 2 weeks old). Along with the observation of
scat size and shape, most scat size was more than 2.5 cm in diameter for tigers
and below 2.5 cm for leopard species. In addition, scats were obtained from
Malayan tigers that were captured or rescued because of HTC. Scat samples
were kept in an icebox during field sampling and preserved at -80 °C prior to
DNA extraction.

Figure 1. Sampling locations of Malayan tiger scats. (1: Royal Belum State Park, Perak; 2: Felda Kerteh, Kemaman,
Terengganu; 3: Taman Negara Terengganu; 4: Pos Bihai Gua Musang, Kelantan; 5: Hutan Simpan Kekal Perias, Kelantan.
Map on the left side: green, forest coverage; brown, oil palm plantation; purple, human settlement).
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DNA extraction and species identification

All scat samples were extracted using the QIAmp FAST Stool Kit (Qiagen, Germa-
ny) and QIAmp DNA Blood and Tissue Kit (Qiagen, Germany). A slight modifica-
tion was performed during lysis by incorporating DTT to effectively lyse harder
components, such as hair and nails present in the scats. In ensuring the absence
of cross-contamination, negative controls were included in all DNA extraction pro-
cedures and in polymerase chain reactions (PCR). The extracted genomic DNA
was visualised using 1% agarose gel electrophoresis and the DNA concentration
was determined using Nanodrop ND-1000 (Nanodrop, Wilmington, DE, USA).

Scat samples were amplified using the partial control region (Dloop): MG-
CR560F (5-GTGTACCTCTTCGCTCCG-3') and MGCR873R (5-TGTTGTACGTG-
GAACCCC-3') for species identification. Of the 33 samples, 13 were successful-
ly amplified and identified as Malayan tiger scats. Given the low concentration
of obtained DNA, only 10 Malayan tiger samples were subjected for DNA me-
tabarcoding analysis. Fig. 1 and Table 1 show the scat sample information col-
lected for prey detection data analysis.

PCR and library construction

A total of 10 samples were proceeded with amplicon sequencing as these sam-
ples passed the quality control (QC) with the minimum concentration of 10 ng/
ul. A two-stage PCR was used to amplify and prepare sequencing libraries. The
PCR amplification using the COI primer pairs m1COlintF and dgHC02198 (Geller
et al. 2013; Leray et al. 2013). The forward primer, mICOlintF, was constructed
using the lllumina 5' overhang adapter sequence (TCGTCGGCAGCGTCAGAT-
GTGTATAAGAGACAG), followed by the forward primer sequence (GGWACW-
GGWTGAACWGTWTAYCCYCC). Meanwhile, the reverse primer, dgHCO2198R,
was constructed using another 5' overhang adapter sequence (GTCTCGTGG-
GCTCGGAGATGTGTATAAGAGACAG), followed by the reverse primer sequence
(TAAACTTCAGGGTGACCAAARAAYCA). The first PCR step was performed in a
25 pl reaction volume containing 2.5 pl (5 ng/pl) of DNA template, 12.5 pl of
KAPA Hifi HotStart ReadyMix (KAPA Biosystem), 0.5 pl (10 pM) of each millilitre

Table 1. Scat sample information of Malayan tigers.

No.  Individuals/Sample ID = Locations tag on map Habitat type Habitat type
1. | Syamilla Mek Bihai 4 Kampung Orang Asli HTC
2. Sau Bihai 4 Kampung Orang Asli HTC
3. PT-BHO1 4 Kampung Orang Asli HTC
4. | Awang Rasau 2 Oil palm plantation HTC
5. | Atan Kerteh 2 Oil palm plantation HTC
6. PSCO01 2 Qil palm plantation HTC
7. PSC12 3 National Park PA
8. PSC13 3 National Park PA
9. HSKP-21-13 5 Forest Reserve PA
10. | SgKejar 1 Forest Reserve PA
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of m1COlintF and dgHCO02198R primers and 9 pl of nuclease-free water. The
PCR conditions were as follows: 95 °C for 3 min, 25 cycles of 95 °C for30's, 54 °C
for 30 s and 72 °C for 45 s and (final extension at?) 72 °C for 10 min. The am-
plification products of the first PCR were purified using 0.8X AMPure XP beads.

The second round of amplification was performed to incorporate Illumina i5
and i7 adapters and 8-bp barcodes. The PCR mixture was performed in a 10-pl
reaction containing 5 pl of KAPA HiFi HotStart Ready Mix, 1 pl of each primer
index (i7 and i5) and 3 pl of PCR products from the first PCR. The second PCR
conditions were as follows: initial denaturation at 95 °C for 3 min, followed by 8
cycles of denaturation at 95 °C for 30 s, annealing at 55 °C for 30 s, extension at
72 °C for 30 s and a final extension at 72 °C for 1 min. The libraries were purified
using 0.7X AMPure XP beads and quantified using a Qubit 2.0 fluorometer (Life
Technologies). The size distribution of the libraries was assessed using TapeS-
tation 2200 (Agilent). All libraries were pooled and loaded on to an Illumina
Miseq 2 x 250 bp flow cell at 11 pM. All NGS laboratory works were conducted
in Monash University Malaysia Genomics Platform (MUMGP).

Sequences data analysis

Fastg-formatted reads were imported into Geneious Prime® 2022.1.1. The as-
sembly of raw reads of COI sequences was run using Geneious Prime® 2022.1.1.
Raw sequencing data were trimmed using BBDuk in the Geneious Prime platform
to remove any remaining Illumina adapters, bases below the average quality and
reads that are less than 150 bp after end-trimming. Then, the trimmed sequences
were merged by using the BBMerge tool in the Geneious Prime platform to create
a single consensus sequence for each pair. Chimeric sequences were checked
and eliminated on the basis of UCHIME (https://drive5.com/uchime/uchime
download.html) and “Gold” database (https://drive5.com/uchime/gold.fa).

Reads were clustered into operational taxonomic units (OTU) using a de
novo assembler. Then, the sequences were assigned with a minimum overlap
identity of no less than 97%. The taxonomy database was created by blasting
the OTUs against a COI database from the National Center for Biotechnology
Information (NCBI) nucleotide database with some entrez filters targeting on
Eukaryote sequences and excluding environmental, uncultured and unclassi-
fied sequences. After creating a sequence classifier database from BLAST hits,
the full amplicon dataset was classified using the Sequence Classifier in Ge-
neious Prime 2022.1.1. Then, the filtered reads were analysed using R version
2022.07.2. All analyses, including the determination of relative read abundance
(RRA), as well as alpha and beta diversity analyses, were performed to evalu-
ate within and between sample habitat types by using the phyloseq (McMurdie
and Holmes 2013) and ggplot2 (Wickham 2016) packages in Rstudio. Alpha
diversity indices were estimated to indicate the species richness, abundance
and evenness of each sample. The alpha diversity using Chao1 and Shannon-
Weaver indices was calculated to describe the population diversity in scat sam-
ples (Kim et al. 2017). Beta diversity was calculated using weighted unifrac and
pairwise Bray—Curtis index to construct Principal Coordinate Analysis (PCoA),
which represents the differences between prey selection and habitat groups in
HTC and PA. PERMANOVA with 999 permutations was also used to estimate
and assess significant differences in diet amongst habitat groups.
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Data accessibility

Raw sequence reads have been archived on the NCBI Sequence Read Archive
(SRA) with project number PRJNA954969, Biosamples submission num-
bers SAMN34161777, SAMN34161791, SAMN34161871, SAMN34162214,
SAMN34162338, SAMN34162396, SAMN34163286, SAMN34163462,
SAMN34163485 and SAMN34163613.

Results

Scat species identification and data filtering

Of the 33 felid scats collected during field sampling, only 13 were confirmed to
be Malayan tigers. However, only 10 gDNA products of Malayan tiger scats were
proceeded to NGS because of low DNA concentration. DNA metabarcoding
analysis was run in Illumina Miseq platform and a total of 2,132,729 raw reads
were generated after filtering. Then, low-quality sequences, primer adapter and
chimeric reads were removed and 440,272 reads remained. The remaining me-
tabarcoding COl data were blasted against the NCBI nucleotide database. The
rarefaction curve with 13,885 reads (Fig. 2) showed that the samples reached an
asymptote and sampling depth was sufficient to estimate the diversity. Table 2
shows the read count summary generated during filtering and rarefaction.

Malayan tiger dietary profiling

Atotal of 10 Malayan tiger scat samples indicated the presence of 416 OTUs and
yielded 17 phyla in the kingdom of eukaryotes (Fig. 3A). This study aims to iden-
tify the potential prey species predated by Malayan tiger are in phylum Chorda-
ta only. Therefore, 21 OTUs were generated from the 97% OTU cluster in phylum
Chordata. Three classes of prey DNA were identified in 10 Malayan tiger scats,
comprising seven orders and eight families and only 12 genera were identified.

150
I

100
I

OTU numbers
50
|

I I I I I I I I
0 2000 4000 6000 8000 10000 14000

Number of sequences

Figure 2. Rarefaction curve based on 10 samples of wild Malayan tiger scats.
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Table 2. Read count summary of 10 Malayan tigers.

Sample ID Habitat type | OTU numbers = Raw sequence reads = Non-chimeric reads
Syamilla Mek Bihai HTC 81 187,410 80,100
Sau Bihai HTC 73 146,716 43,777
PT-BHO1 HTC 116 159,839 59,362
Awang Rasau HTC 71 176,472 55,069
Atan Kerteh HTC 110 203,531 26,232
PSCO1 HTC 26 247,962 32,600
PSC12 PA 73 249,590 35,862
PSC13 PA 131 246,986 13,885
HSKP-21-13 PA 120 182,621 51,093
SgKejar PA 219 331,602 42,382

Despite unknown and unidentified Chordata sequences, Malayan tiger scats
were dominated by the class Mammalia (99.96%), Aves (0.01%) and Reptile
(0.03%). These percentages were derived from the 3.56% representation of the
Chordata phylum, which was generated from all COl sequences obtained. The
three classes identified consist of seven orders which are Artiodactyla (22.52%),
Carnivora (71.38%), Chiroptera (5.67%), Galliformes (0.04%), Primates (0.34%),
Rodentia (0.05%) and Squamata (0.01%).

Considering the habitat type, Malayan tigers at PA preyed most on the family
Canidae (66.21%), followed by Vespertilionidae (5.66%), Bovidae (1.75%) and
Rhinolophidae (0.01%). Meanwhile, the dominant prey DNA was identified in
Malayan tiger scats that are living in areas categorised as HTC mostly from the
family Bovidae (20.74%), Homonidae (0.34%), Felidae (Felinae, 0.06%), Muridae
(0.044%) and Phasianidae (0.038%, Fig. 4A). Fig. 5 shows the summary of the
overall RRA of prey DNA in 10 tiger scats within the two habitat groups based
on relative abundance at genus level. The HTC and PA groups showed different
patterns of prey selection by Malayan tigers. In the HTC group, the primary prey
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Figure 3. Scat composition of 10 Malayan tigers A relative read abundance (RRA) of scat composition at phylum level,
based on 416 OTUs and B RRA of scat composition from two habitat groups of Malayan tigers at order level, based on

3.56% Chordata phyla identified.
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Figure 4. Prey taxa composition in scat samples of Malayan tigers, based on 21 OTUs A relative read abundance (RRA)
of prey taxa at family level in Malayan tiger scats and B venn diagram from two habitat groups of Malayan tigers.

(A) Prey selection by 10 wild Malayan tiger
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/ 03%
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Figure 5. Summary of prey species identified in A all Malayan tiger scats B human~-tiger conflict areas (HTC) and C pro-
tected forest areas (PA).

selection of tigers primarily consists of livestock (86.0%), small prey (0.3%),
followed by other prey species (14%). The livestock consist of genus Bos, Bub-
alus, Capra and Gallus. Small-size prey identified include genus Mus and Felis.
Meanwhile, for the other group, this consists of genus Homo, Malayan tiger
DNA itself and unknown genus. The PA group showed the absence of livestock
species and preyed on medium (89.6%) and small (7.5%) prey. The medium
prey consists of genus Canis and Capricornis; meanwhile, small prey consists
of genus Kerivoula, Rhinolophus and Mus. The Venn diagram shows (Fig. 4B)
the 97% OTU cluster overlap within the HTC and PA groups. The size of the
circle represents the relative OTU richness of each habitat type, PA (7 OTUs)
and HTC (9 OTUs). A total of five shared OTUs between PA and HTC indicate
that preys were commonly consumed by Malayan tigers in both habitat types.

Alpha and beta diversity

Species richness in each sample was assessed for alpha diversity analysis us-
ing the Chao1 and Shannon indices. The Shannon index showed a significant
difference in prey selection by Malayan tigers at two different habitat groups
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(p < 0.05), whereas the Chao1 index showed no significant difference (p > 0.05).
The high value of the Shannon index indicates the high diversity in richness and
evenness. Meanwhile, the Chao1 index is a non-parametric method for estimat-
ing the number of species in a community. Table 3 shows the score values of
Chao1 and Shannon indices and Fig. 6A shows the Chao1 and Shannon indices
within the HTC and PA groups. The Chao1 and Shannon indices showed higher
prey diversity in the PA group.

Beta diversity was displayed using a PCoA plot of COl-rarefied RRA data of
prey DNA in Malayan tiger scats in different habitat types (Fig. 6B). A Bray—Cur-
tis distance was calculated on the basis of the pairwise taxonomic profile of 10
scat samples and used to generate PCoA coordinates of each sample. The dis-
tance linking two samples is shorter, indicating higher similarity between these
samples. The first (PCoA1) and second (PCoA2) axes explained the total varia-
tion of 13.8% and 12.2%, respectively. Samples collected from the two habitats

Table 3. Values of Chao1 and Shannon indices of 10 samples.

Samples ID Chao1 index Shannon index
Syamilla Mek Bihai 88.5 1.47674
Sau Bihai 106.0 0.67834
PT-BHO1 129.6 2.38472
Atan Kerteh 141.6 2.37876
Awang Rasau 76.6 0.97147
PSCO1 32.0 0.78397
PSC12 82.2 2.03072
PSC13 143.4 2.88448
HSKP-21-13 130.1 3.13198
SGKejar 235.1 3.38908
Shannon (B)
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Figure 6. Diversity of prey taxa in Malayan tiger scat samples A alpha diversity, based on Chao1 and Shannon indices.
B beta diversity displayed in the PCoA plot, based on the Bray—Curtis distance.
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were illustrated by different colours. The PCoA plot data indicated there is a
significant difference between HTC and PA. This result was supported by PER-
MANOVA analysis, which showed significant difference between the PA and
HTC groups (Pr(> F) = 0.326; R2=0.117; F = 1.0624, p-value = 0.026, < 0.05).

Discussion

Malayan tiger is an apex predator that plays a vital role in the ecosystem in Ma-
laysia. The abundance and occurrence of prey species in tiger’s habitat are as-
sociated with the predator—prey interaction, including survival, behaviour and
their movement areas. In this study, scat sample collection was conducted in
the wild habitat of Malayan tiger to understand the selection of prey by Malayan
tiger in Peninsular Malaysia. Fig. 7 illustrates 10 scat samples confirmed to be
from Malayan tiger, identified through molecular detection of the mitochondrial
DNA (mtDNA) D-loop region. The taxonomic classification analysis in this study
indicates that only 3.56% of phylum Chordata COl sequences were generated
in 10 scat samples. The most sequences generated in this study are largely
identified COI sequences of the fungi, Choanoflagellata, Amoebozoa, Discoba,
Sar, Viridiplantae other metazoas and unknown eukaryotes (94.02%). Another
2.42% of COI sequences could not be assigned to any taxonomic group (un-
known/unclassified sequences). This is probably due to sample quality and
primer sensitivity to detect DNA prey items in scats of Malayan tiger.

This study found that the scat composition of the Malayan tiger in the se-
lected areas of Peninsular Malaysia was dominated by medium prey (67.9%),
livestock (20.8%) and small prey (5.7%, Fig. 5A). Based on our findings, Malay-
an tiger prey varies in HTC compared with that in PA areas. Malayan tiger prey
selection in PA areas comprises dogs, bats, serows, rodents and squamates.
Meanwhile, the dominant prey DNA identified in the HTC areas comprises
prey taxa from livestock species (cow, buffalo, goat, chicken), rodent, human
and cats. Alpha (Shannon index) and beta diversity (PERMANOVA) analysis
showed significant difference (p < 0.05) between the PA and HTC groups. This
finding might be due to the habitat characteristics, which influence the selec-
tion of prey availability in each habitat group. Therefore, the significant differ-
ences between the PA and HTC groups are also because of the differences in
prey composition found in tiger scats in the HTC group, which are livestock,
as well as the detection of human DNA in the HTC group. As shown in Fig. 5,
livestock and human DNA were detected in the HTC group; meanwhile, these
prey taxa were not found in the PA group. In addition, DNA from humans was
discovered in Malayan tiger scat samples collected from the HTC group. This
finding is attributed to two scat samples that originated from tigers involved in
previous human attacks. The changes in behaviour and habitat structure to the
food requirement bring Malayan tigers into conflict with humans and livestock.
Department of Wildlife and National Parks (2008) reported that Malayan tigers
also hunt livestock that are near to tiger habitats. Recently, Malayan tigers were
found closer to human settlement areas and oil palm plantations because of
the availability of livestock where they can easily hunt and readily prey on the
livestock. The occurrence of tigers hunting livestock can be ascribed to the mi-
gration of Malayan tigers towards areas where livestock is present, as well as
with their inability to fulfil their essential dietary requirements within their native
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Figure 7. Collected Malayan tiger faecal samples A Syamilla Mek Bihai B Sau Bihai C PT-BHO1 D Atan Kerteh E Awang
Rasau F PSC01 G PSC12 H PSC13 I HSKP-21-13 J SgKejar.

habitats (Kumar 2015). Consequently, tigers shift from forested areas to buffer
zones as they are compelled to do so when they find more livestock accessible
and easy to prey upon (Kolipaka et al. 2017).

Scat composition analysis of Malayan tigers inhabiting PA areas detected
the presence of dogs DNA in HSKP-21-13 sample, serow’s DNA from PSC12
and PSC13; meanwhile bats, rodent and squamate DNA have been found in the
scat sample named PSC12. Notably, the COIl taxonomic classification analysis
in this study did not detect any common prey by Malayan tiger as reported in
previous studies (Lynam et al. 2007; Kawanishi et al. 2010) such as wild pig,
barking deer and sambar deer. There is no large prey species found in Malayan
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tiger scat samples in the PA group. In the forest area, probably large prey was
scarce; thus, hunting large prey is also scarce. Therefore, when the main prey
was scarce, tigers will alter their diet. This factor could explain why tigers pre-
fer to non-selectively prey on small-to-medium-sized species. We hypothesised
that Malayan tigers in Peninsular Malaysia have a wider range of available prey
sizes to meet their dietary requirements. Small sized prey consumed by tigers
were rarely reported by previous studies. However, based on a study conducted
by Schaller (1967), Royal Bengal Tigers also engage in predation on smaller
species such as civet cats, water monitors, birds, fish and frogs, apart from
their high consumption of spotted deer, wild boar, rhesus monkeys and wa-
ter monitors. This finding is coherent with our study, demonstrating that tigers
across different subspecies can prey on smaller animals, irrespective of the
analysis method used. Bats have been identified in a scat sample labelled as
PSC12. The probable explanation for detecting these bat species in the analy-
sis of Malayan tiger scats is the significant bat population present reported in
the PSC12 location (Pounsin et al. 2018; Azmir et al. 2022). The area comprises
of hill dipterocarp forests and nearby karst caves. The vicinity of karst caves to
the collected scat samples suggests the possibility of Malayan tigers preying
on bats in their roosting areas. According to National Tiger Survey (NTS) pro-
gramme which was coordinated by PERHILITAN, the Malayan tiger has been
recorded roaming around the cave areas through the camera trap (Halim et
al. 2019). Therefore, tiger prey preference may vary depending on locations.
Another possibility is that the Malayan tiger indirectly ingested the small-sized
animal while predating on another prey.

In addition to the above, during field sampling, wild boar is found to be pres-
ent in PA and HTC areas; however, no wild boar DNA were detected in tiger
scats in our analysis. Kawanishi et al. (2003) assumed that the abundance of
wild boar and omnipresence in almost all vegetation, including oil palm plan-
tation, can be the main option of prey by Malayan tigers, although some of the
deer populations were depleted. However, tigers preferred to prey on livestock
and small-to-medium-sized species to meet their food dietary requirement in
PA and HTC areas. The reason why tigers prefer livestock, small and other me-
dium species rather than wild boar in this study remains unknown. Thus, inves-
tigating the assertion and the degree to which the tiger's diet is augmented by
livestock is important to understand the real productivity of the tiger's habitat
beyond what is naturally available (Kawanishi et al. 2003). As mentioned be-
fore, tiger prey may vary depending on locations; however, in general, wild boar
and sambar deer are the foremost kinds of herbivorous mammals that have
been linked to tigers as prey (Reddy et al. 2004; Ramesh et al. 2009; Mukherjee
and Sarkar 2013; Kumar 2015; Upadhyaya et al. 2018).

Based on the findings of this study, the prey DNA in Malayan tiger scats may
be influenced by other factors such as the scat sample quality, predation time,
and selection of gene used. The detection of DNA prey depends on several
factors, particularly the time when Malayan tigers consumed their prey species.
Some DNA were degraded because of long exposure to the environment and
the freshness of the scat sample affected the detection and identification of
prey species (Upadhyaya et al. 2018). Thuo et al. (2019) conducted a study on
the influence of various factors on prey DNA detection, such as the time of prey
consumption (feeding day), scat age, prey species and meal size. The study
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revealed that prey DNA detection was weaker on day 0, the day the prey was
consumed by cheetahs. However, DNA was high on day 1 and then it declined
on the following day. Moreover, chicken, deer and horse were easily detected
on the day of consumption compared with quail and rabbit, based on the prey
species. In addition, the assessment of prey species identification in scats was
affected by prey size. According to Ackerman et al. (1984), small prey species
have a high amount of hair per unit body weight, which results in undigested
hair found in their scat. The presence of a large amount of hair in the scat could
result in an exaggerated observation of the occurrence of smaller prey spe-
cies in the diet of the carnivore. This study revealed a lower frequency of prey
species occurrence in each scat. Several factors could influence this frequen-
cy, including: 1) samples size, 2) sample quality or 3) the timing of predation
(whether the prey species had been recently hunted or had been hunted for an
extended period). Therefore, this study recommends future studies to increase
sample number by conducting a longer duration of field sampling and covering
a wider area of study locations.

Another factor influencing the result is the selection of gene or primers for
prey DNA detection in scat samples. In this study, taxonomic classification anal-
ysis indicates that 2.42% of COI sequences generated could not be assigned to
any taxonomic group (unknown/unclassified sequences). The partial COI gene
(mICOlintF and dgHCO2198R) can identify only 3.56% of the Chordata taxa in
all samples and another 94.02% of the sequences generated largely identified
other eukaryotes, such as fungi, amoebozoa, viridiplantae and another meta-
zoan other than Chordata. The partial region of COl used in this study is an
insufficient taxonomic coverage of COI barcoding primers. Hacker et al. (2021)
conducted a study utilising the COI region on Panthera uncia to analyse MT-COI
and identify the prey items, particularly Caprinae, which is present in snow leop-
ard scats. However, they found that only goat and sheep DNA were successful-
ly amplified, whereas the DNA of other ungulate families or mammalian orders
was not detected. DNA metabarcoding has its own shortfalls and it depends on
the accuracy and coverage of the DNA reference database (Nielsen et al. 2018;
Traugott et al. 2020). The COI primer might be used in identifying prey species
from invertebrates, but not much for vertebrate prey species. Moreover, using
a single set of primers focusing on specific prey groups may produce biased
results (Da Silva et al. 2019). According to Quéméré et al. (2021), the use of
multiple primers can produce more comprehensive results. Utilising multiple
markers enhances the precision in identifying individual taxa and contributes
to the overall precision of dietary profiles (Ando et al. 2020). Therefore, this
study suggests that future studies should consider incorporating multiple loci
or other alternative loci to investigate the elusive prey selection by the Malayan
tiger in Peninsular Malaysia.

Conclusions

This study was the first to investigate and describe the prey selection of Malay-
an tigers by DNA metabarcoding of scats. Despite the relatively small number
of scats analysed in this study, the result demonstrated the overview of the
current situation of prey selection by Malayan tigers in Peninsular Malaysia.
In HTC and PA areas, Malayan tigers mostly consumed livestock and medi-
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um-to-small-sized prey species. Human expansion might be the major cause
of the alteration of prey selection to livestock and medium-to-small-sized prey
species. Prey selection by Malayan tigers is affected by human-induced alter-
ations to the environment. Forest fragmentation causes the roaming areas of
Malayan tiger to move towards the human areas, particularly oil palm planta-
tion areas and human settlements. Usually, livestock owned by local people
are often placed within their oil palm plantations area and most of the oil palm
plantations in Peninsular Malaysia were near to the forest making the area a
HTC area. When livestock is available, tigers will readily prey on them. Based
on our results, future studies on tiger diet should consider using multi-locus
DNA metabarcoding and conducting field sampling for a longer duration and
should cover a wide area to understand the spatiotemporal variation in tiger
diet. This approach will provide other opportunities to study their preference
in the wild. Although this study cannot be used to quantify true abundance or
proportion of prey species, it provides an important first step towards identify-
ing prey taxa and spatial-temporal patterns in Malayan tiger diets. Less atten-
tion has been paid to medium and small prey than to large ones, leading to a
shortfall in knowledge regarding their ecological roles. This limitation should
be considered to help in planning strategies of conservation effort to Malayan
tigers in Peninsular Malaysia. The data obtained in this study will improve di-
etary insight, which can be used to develop conservation plans and strategies
for Malayan tigers, particularly for habitat priorities, protection and restoration
in specific areas.
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