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Abstract. Karuppannan KV, Aifat NR, Mohamed KA, Ahmad-Tahir NFD, Nordin FM, Yaakop S, Maldonado JE, Md-Zain BM. 2019.
Genetic variations among selected wild Asian elephant populations in Peninsular Malaysia based on mitochondrial D-loop region DNA
sequences. Biodiversitas 20: 2494-2502. Asian elephant (Elephas maximus) is an important large mammal in Peninsular Malaysia and is
completely protected by the Wildlife Conservation Act 2010 (Act 716). The conservation of this species requires strong information-
based research, such as genetic evaluations. The aim of this study was to compare mitochondrial control region variation among selected
elephants from the Taman Negara National Parks (TNNP) population with other selected populations in Peninsular Malaysia. DNA
materials were extracted from fecal samples and amplified using partial mitochondrial D-loop region. Total 13 haplotypes with
haplotype diversity (Hd) of 0.7524 were observed. A total of 34 base pair (bp) segregation sites were formed in 547 bp sequences. Both
phylogenetic trees showed that a few individual elephants from the TNNP formed a clade together with individuals from other
populations. The remaining individual elephants from TNNP formed a monophyletic clade supported by a high bootstrap value. Low
genetic distance was detected among the tested populations, which proved that both individuals from the TNNP and other selected
populations have similar genetic patterns. High gene flow among tested populations would impact on fitness and long-term resilience of
the populations. This highly significant outcome provides strong baseline data for Department of Wildlife and National Parks (DWNP)
in monitoring elephant populations in order to reduce number of human-elephant conflicts which indirectly minimize translocating
conflict elephants to TNNP.
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INTRODUCTION In  Peninsular Malaysia, the management and
conservation plans of Asian elephants are stipulated in the

The Asian elephant (Elephas maximus) is one large
mammal flagship species in Peninsular Malaysia (Abd
Rasid et al. 2019). Asian elephants have high ecological
importance and are prioritized by the Department of
Wildlife & National Parks (DWNP) as the wildlife
managing authority. This large mammal is a completely
protected species under the Wildlife Conservation Act
2010 (Act 716) and is classified as "Vulnerable" under the
Red List of mammals (PERHILITAN 2017). Globally, the
current population trend of E. maximus is declining due to
habitat loss and human-elephant conflict caused by
expanding human populations and poaching (Choudhury et
al. 2008). Appropriate and effective conservation
mitigation strategies must be addressed to protect this
mammal. Continuous research activities used to monitor
the elephant population size and trends are needed as part
of adaptive management action to conserve Asian
elephants (Asian Elephant Conservation Act 1997;
Fernando and Leimgruber 2011).

National Elephant Conservation Action Plan (NECAP) in
line with the National Policy on Biological Diversity and
National Policy on the Environment (NECAP 2013). One
of the long-term goals of the NECAP is to better
understand the biology of elephants, such as their
populations, ecology, habitat suitability and genetic
assessment via evidence-based research activities. In
Peninsular Malaysia, the current geographical distribution
of elephants in priority conservation areas, such as
protected areas, is not accurately known due to a lack of
comprehensive research, such as molecular genetic
evaluations among wild elephant populations (Salman et al.
2011; Sripiboon 2013). Genetic management can help to
manage the Asian elephant population in long term since
molecular tools have been used to estimate genetic
variability within and among wild populations (Okello et
al. 2008; Goossens et al. 2016: Kusza et al. 2018), identify
genetically  distinct  evolutionary  significant  units
(MoRbrucker et al. 2015), guide and evaluate the success of
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wildlife translocations (Okello et al. 2008; Goldenberg et
al. 2019), study social organization integrity (Nyakaana et
al. 2001), estimate activity pattern, population size and sex
ratio of elusive animals (Ahlering et al. 2011; Md-Zain and
Ch’ng 2011) and to identify human-wildlife conflicts
(Mondol et al. 2009; Md-Zain et al. 2010a).

There are several approaches to conducting genetic
evaluations among wild elephants, including an assessment
by maternal lineages based on mitochondrial DNA
(mtDNA) variation. The outcomes from mtDNA-based
studies can estimate phylogenetic diversity among studied
species and are an important element in tracing
evolutionary relationships within populations (Fernando et
al. 2000; Fleischer et al. 2001; Fernando et al. 2003). A
previous study by Elliza et al. (2015) demonstrated a
haplotype pattern among 21 Asian elephants of Peninsular
Malaysia using the highly variable D-loop region of
mtDNA. The outcome showed low genetic variation among
tested samples; however, the 21 samples did not include
elephants from Taman Negara National Parks (TNNP),
which has the largest population of Asian elephants from
Peninsular Malaysia.

The current study was designed to evaluate the Malay
Peninsular  Asian elephant genetic structure by
incorporating additional TNNP samples into previous
molecular data (Elliza et al. 2015). MtDNA was selected as
a candidate marker due to its application to systematic,
population genetics and phylogeography issues (Md-Zain
et al. 2010b; Zainudin et al. 2010; Abdul-Latiff et al. 2019).
It was anticipated that the outcome would reveal a stronger
phylogenetic variation pattern among elephants of
Peninsular Malaysia as a source of important population
genetic information for NECAP (NECAP 2013). This
information is important for designing future conservation
approaches and for improvising current mitigations for
Asian elephants in Peninsular Malaysia.

MATERIALS AND METHODS

DNA extraction, PCR, and sequencing

Fecal samples of Asian elephant collected from Taman
Negara National Parks (TNNP) in Peninsular Malaysia
were extracted using the QlAamp DNA Stool Mini Kit
(QIAGEN, Germany) (Table 1, Figure 1). The extractions
were performed according to the protocol given by the
manufacturer. The quantification of nucleic acids was
conducted using a NanoDrop 2000 Spectrophotometer
(Thermo Fisher Scientific, Singapore). All available
sequences of different elephant's ranges were retrieved
from Elliza et al. (2015) for comparative analysis purposes.
Mammuthus primigenius which is the nearest species to the
ingroup was chosen as an outgroup.

DNA amplification using Polymerase Chain Reaction
(PCR) was performed with PCR optimization (Rosli et al.
2011) using the mitochondrial control region (Table 2)
(Fernando et al. 2000). PCR was performed using Master
Mix Promega (Promega, United States) with the following
cocktail: 11 uL Master Mix Promega, 10 pL of ddh20, 1
pL each of 10 uM primers, and 2 pL of template DNA.
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The three-step PCR was performed under the following
conditions: Pre-denaturation at 95°C for 10 min, 45 cycles
of denaturation at 95°C for 1 min, annealing at 60-63°C for
1 min, extension at 72°C for 1 min, and a final extension of
10 min at 72°C with further optimization. DNA purification
was performed to obtain a successful amplification product.
This process was performed using ExoSAP-IT following
the manufacturer’s protocol. The purified PCR products
were sent to Apical Scientific Sdn. Bhd laboratory
(Malaysia) for sequencing.

Sequencing and data analysis

The raw sequences were obtained and edited using
Geneious version 10.1.3 (Biomatters Ltd. 2017) as well as
pairwise and multiple sequence alignments. The edited
sequence was blasted through GenBank BLASTn for the
sequence similarity searches analysis (Aifat et al. 2016;
Abdul-Latiff et al. 2017). All the DNA sequences were
aligned together with previous data (Elliza et al. 2015)
using MEGA 7 (Kumar et al. 2016). MEGA 7 and DnaSP 6
(Rozas et al. 2017) were used as software in the sequence
analysis, which focused on genetic distance, haplotype
diversity, unique haplotypes, and phylogenetic trees. The
phylogenetic relationships of each detected haplotype in
elephants were mapped through a minimum-spanning
network (MSN) using Network 5.0.
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Figure 1.The map of elephant’s ranges in this study. The red dot
indicates the location of TNNP’s samples, and the yellow dot
indicates the location from a previous study (Elliza et al. 2015)



2496

BIODIVERSITAS 20 (9): 2494-2502, September 2019

Table 1. Details on samples and sequences used in this study

Sample Location Reference

code

TN551  TNNP Sg. Pak Chau, Kelantan This study

TN552  TNNP Sg. Pak Chau, Kelantan This study

TN559  TNNP Sg. Relai, Terengganu This study
TN560 TNNP Sg, Relai, Terengganu This study
TN561  TNNP Sg. Relai, Terengganu This study
TN562  TNNP Sg. Relai, Terengganu This study
TN564  TNNP Sg. Relai, Terengganu This study
TN565  TNNP Sg. Ketil, Terengganu This study
TN568  TNNP Sg. Tembeling, Terengganu This study
TN573  TNNP Sg. Sepia, Pahang This study
TN585  TNNP Sg. Terenggan, Pahang This study
TN589  TNNP Sg. Wa, Pahang This study
TN590 TNNP Sg. Wa, Pahang This study

TN591  TNNP Sg. Kepung, Pahang This study
TN596  TNNP Sg. Tanum, Pahang This study

TN597  TNNP Sg. Tanum, Pahang This study
TN598  TNNP Sg. Tanum, Pahang This study

TN622  TNNP Sg. Cacing, Kelantan This study
TN623  TNNP Sg. Cacing, Kelantan This study

E007 Jeli, Kelantan Elliza et al. (2015)
E008 Chalil, Kelantan Elliza et al. (2015)
E009 Jemaluang, Johor Elliza et al. (2015)
E010 Segamat, Johor Elliza et al. (2015)
EO11 Kuantan, Pahang Elliza et al. (2015)
E012 Kluang, Johor Elliza et al. (2015)
E013 Kota Tinggi, Johor Elliza et al. (2015)
E014 Kota Tinggi, Johor Elliza et al. (2015)
E015 Kota Tinggi, Johor Elliza et al. (2015)
E022 Kuala Lipis, Pahang Elliza et al. (2015)
E023 Lenggong, Perak Elliza et al. (2015)
E024 Muadzam Shah, Pahang Elliza et al. (2015)
E025 Muadzam Shah, Pahang Elliza et al. (2015)
E026 Hulu Terengganu, Terengganu Elliza et al. (2015)
E027 Lenggong, Perak Elliza et al. (2015)
E028 Tanah Merah, Kelantan Elliza et al. (2015)
E029 Segamat, Johor Elliza et al. (2015)

Table 2. Primer sequence of the partial D-loop region (Fernando
et al. 2000)

Primer

Sequence (5’- 3’)

MDL3 (Forward)
MDLS5 (Reverse)

CCC ACA ATT AAT GGG CCC GGA GCG
TTA CAT GAATTG GCA GCC AAC CAG

The phylogenetic analysis was performed based on two

distinct criteria, namely distance-based (Neighbor-Joining,
NJ) and character-based (Maximum Parsimony, MP). The
NJ tree was constructed using the Kimura-2-Parameter
model algorithm with 1000 bootstrap replications (Syed-
Shabthar et al. 2013). The MP tree was constructed using
Tree Bisection-Reconnection (TBR) with a heuristic
searching method, and 1000 random stepwise additions
were applied to identify the best MP tree. As for NJ, the
MP tree was also tested with 1000 bootstrap replications.

RESULTS AND DISCUSSION

Sequence polymorphism and genetic distance

A total of 19 samples were successfully extracted and
amplified with the targeted locus. The alignment of all
these samples with reference sequences yielded sequences
at a size of 547 bp with 41 variable sites in which 11 sites
were parsimony-informative characters. The pairwise
genetic distance (Table 3) of the partial D-loop sequences
was calculated in PAUP 4.0b10 (Swofford 2002) using the
Kimura-2-Parameter model. The highest value between
elephants in TNNP and other populations was 0.034, which
was between TN562 with E010 and EO026, while the
minimum value was 0.000. The range of genetic distance
for each individual in TNNP was 0.000 to 0.037. For the
outgroup, the distance from each ingroup showed the
minimum value of genetic distance of 0.034, and the
maximum value was 0.047.

Phylogenetic trees

The NJ phylogeny tree (Figure 2) was generated using
Kimura-2-Parameter with 1000 bootstrap replications and
showed that a few samples from TNNP form a clade
together with other populations. These samples are TN551,
TN552, TN585, TN596, TN597, TN598, and TN622. The
formation of the clade was supported by a 60% and a 43%
bootstrap value. TN562, which was from Sg. Relai,
Terengganu, formed a monophyletic clade with Clade A
supported by a 51% bootstrap value. The remaining
samples of TNNP formed one clade together supported by
a 97% bootstrap value. The MP tree (Figure 3) was
reconstructed with a consistency index (Cl)=0.6875,
retention index (R1)=0.9468, and tree length=32. Seven
samples from TNNP (TN551, TN552, TN585, TN596,
TN597, TN598, and TN622) formed polytomy with
individuals from other populations supported by a 69%
bootstrap value. The sample from Hulu Terengganu (E026)
formed together with the remaining samples from TNNP,
which was supported by a low bootstrap value (43%).

Haplotype and Minimum-Spanning Network (MSN)

The D-loop region analyses successfully yielded 13
haplotypes of TNNP and other populations with haplotype
diversity (Hd)=0.7524. A total of 34 bp segregation sites
were formed in 547 bp (Table 4). Almost all of E. maximus
in this study shared the same haplotype, which was Hap 1,
except for the sample from Hulu Terengganu (E026). E026
was represented by Hap 4. Hap 2 and Hap 3 were
comprised of the population from Kelantan. Hap 5 was
comprised of the population from Pahang. Hap 6, Hap 7,
Hap 8, and Hap 9 were comprised of the population from
Johor. The population from TNNP was represented by Hap
1 and Hap 10 to Hap 13. The MSN of the haplotypes
(Figure 4) visualized the relationships between E. maximus
from TNNP and other populations. The population from
Hulu Terengganu was closer to the population from TNNP
(Hap 10, 12 and 13) with seven mutation steps. A total of
16 samples shared Hap 1 from TNNP (7 samples), Perak (2
samples), Johor (3 samples), Pahang (3 samples), and
Kelantan (1 sample).



Table 3. Pairwise genetic distance of E. maximus with the outgroup

No.Sequence 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

E007

E008  0.006

E028  0.003 0.009

E026  0.0150.0210.018

EO011  0.000 0.006 0.003 0.015

E022  0.000 0.006 0.003 0.015 0.000

E024  0.000 0.006 0.003 0.015 0.000 0.000

E025  0.000 0.006 0.003 0.015 0.000 0.000 0.000

E009  0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000

E012  0.003 0.009 0.006 0.018 0.003 0.003 0.003 0.003 0.003

E013  0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003

E014  0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003 0.000

E015  0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000

E010  0.009 0.015 0.012 0.018 0.009 0.009 0.009 0.009 0.009 0.012 0.009 0.009 0.009

E029  0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.009

E023  0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.009 0.000

E027  0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.009 0.000 0.000

TN551  0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.009 0.000 0.000 0.000

TN552 0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.000

TN559 0.025 0.031 0.028 0.015 0.025 0.025 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.025

TN560 0.025 0.031 0.028 0.015 0.025 0.025 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.025 0.000

TN561 0.0250.031 0.028 0.015 0.025 0.025 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.025 0.000 0.000

TN562 0.028 0.034 0.031 0.034 0.028 0.028 0.028 0.028 0.028 0.031 0.028 0.028 0.028 0.034 0.028 0.028 0.028 0.028 0.028 0.037 0.037 0.037

TN564 0.0250.031 0.028 0.015 0.025 0.025 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.025 0.000 0.000 0.000 0.037

TN565 0.0250.031 0.028 0.015 0.025 0.025 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.025 0.000 0.000 0.000 0.037 0.000

TN568 0.0250.031 0.028 0.015 0.025 0.025 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.025 0.000 0.000 0.000 0.037 0.000 0.000

TN573 0.0250.031 0.028 0.015 0.025 0.025 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.025 0.000 0.000 0.000 0.037 0.000 0.000 0.000

TN585 0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.000 0.000 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025

TN589 0.0250.031 0.028 0.015 0.025 0.025 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.025 0.000 0.000 0.000 0.037 0.000 0.000 0.000 0.000 0.025

TN590 0.0250.031 0.028 0.015 0.025 0.025 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.025 0.000 0.000 0.000 0.037 0.000 0.000 0.000 0.000 0.025 0.000

TN591 0.0250.031 0.028 0.015 0.025 0.025 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.025 0.000 0.000 0.000 0.037 0.000 0.000 0.000 0.000 0.025 0.000 0.000

TN596 0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.000 0.000 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.000 0.025 0.025 0.025

TN597 0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.000 0.000 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.000 0.025 0.025 0.025 0.000
TN598 0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.000 0.000 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.000 0.025 0.025 0.025 0.000 0.000
TN622 0.000 0.006 0.003 0.015 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.000 0.000 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.000 0.025 0.025 0.025 0.000 0.000 0.000
TN623 0.0250.031 0.028 0.015 0.025 0.025 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.028 0.025 0.025 0.025 0.025 0.025 0.000 0.000 0.000 0.037 0.000 0.000 0.000 0.000 0.025 0.000 0.000 0.000 0.025 0.025 0.025 0.025
37 Mp* 0.037 0.044 0.041 0.037 0.037 0.037 0.037 0.037 0.037 0.034 0.037 0.037 0.037 0.044 0.037 0.037 0.037 0.037 0.037 0.034 0.034 0.034 0.047 0.034 0.034 0.034 0.034 0.037 0.034 0.034 0.034 0.037 0.037 0.037 0.037 0.034
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Note: *Mp: M. primegenius
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Figure 2. Neighbor-Joining (NJ) phylogenetic tree using the Kimura-2-Parameter algorithm with bootstrap values indicated on the

branch

Table 4. Segregating sites (34 bp) in the 547 bp segment of D-
loop defining 13 haplotypes

Hap Sites

[ 1 1111111112 2222222223 3333]
[ 1234567890 1234567890 1234567890 1234]
#Hap 1 TCTAACAGGC AGCTTCACAC CTTTGCGGCT ACTA
#Hap 2 L. i iaiiiaaaan T.G.
#Hap 3 ... ... LLiiiiiio. aola.. A... ...
#Hap 4 ....... - S T.. T...AT.... .T
#Hap 5 ..... i o
4Hap 6 ............ AC. L. el el
#Hap 7 . .......... B i i i eeaccaaae aaaa
#Hap 8 R - - o
#4Hap 9 ........ A, i T.o....... c ...C
#Hap 10 ........ - GIG. T..CA..A.. .T..
#Hap 11 ..C..... A. .A..CTG..T GCC.....T. .T..
#Hap 12 GT....C.A. ...... GTG. T..CA..A.. .T..
#Hap 13 ........ AR C..... GIG. T..CA..A.. .T..

Discussion

In this study, a comparison of mitochondrial sequence
variations among Asian elephant populations in Malay
Peninsular was conducted, which indicated that TNNP
possessed a 7.5% sequence polymorphism of a total of 547
bp. This variation was higher than that found by Elliza et
al. (2015), who observed a 4.6% sequence when comparing
individuals from five elephant range states in Peninsular
Malaysia, which indicated a low genetic divergence among
that population; however, a low genetic distance was (<
0.5) observed between TNNP and other populations, which
indicates that both groups were genetically identical. This
outcome was not surprising because previous studies by
Fernando et al. (2003) and Rutten (2008) found matching
haplotypes among Thailand and Peninsular Malaysia
populations, which indicates that Asian elephants can move
for long distances. Thus, a similar scenario could have
occurred in the current study due to the geographical factor.
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Figure 3. Maximum parsimony (MP) tree of E. maximus. Bootstrap values are indicated on the branch

Previous studies by Elliza et al. (2015) showed 10
haplotypes with a haplotype diversity (H) of 0.830. They
found that the majority of tested wild elephants in
Peninsular Malaysia shared haplotypes. Based on Elliza et
al. (2015), it was assumed all 13 haplotypes with haplotype
diversity (H=0.7524) in the current comparison would
show a similar pattern of haplogroups; however, Hap 10,
12, and 13 were only shared by TNNP populations, and
Hap 4 was shared solely by wild elephants of Hulu
Terengganu, which indicates close relationships with the
TNNP groups. This implies the possibilities that elephant
groups from Terengganu and the majority of TNNP
elephants do not share a maternal line with other

populations and remain a closed population. A similar
scenario was observed in both the NJ and MP phylogenetic
trees. The NJ and MP trees showed a significant separation
from the woolly mammoth (M. primigenius) as the
outgroup. In the NJ tree, a separate clade from TNNP was
formed with a 97% bootstrap value, while clade A was
formed by combinations of 16 elephants of other
populations with only seven elephants from the TNNP
population. Both trees showed that there was a significant
genetic difference among some elephants from the TNNP
and other population samples originating from Hulu
Terengganu.
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Figure 4. The minimum-spanning network (MSN) illustrating haplotype relationships of E. maximus. Red nodes represent the median

vector, which is a hypothesized often as an ancestral sequence

There are some ecological aspects that likely can
explain the outcomes of this comparison study. Currently,
there are six states in Peninsular Malaysia known as
elephant range states and protected areas. The population
of E. maximus in TNNP is among the main elephant
populations because it is the oldest and largest protected
area with approximately 4343km? of the area is covered
with primary forest (Salman et al. 2011; NECAP 2013). In
addition, since 1983, TNNP has been the priority release
area for translocating Asian elephants involved in human-
elephant conflicts. Conflicts occur in all elephant range
states, and Elliza et al. (2015) showed that samples belong
to these states as well as that high gene flow between
elephants from outside and within TNNP is possible.
Elephants are from matriarchal families (Nandini et al.
2018), and the percentage of matching haplotypes among
these individuals would be high. Anthropogenic
disturbances such as deforestation and wildlife habitat loss
would increase human-elephant conflict indirectly thus
promoting elephant translocation. Continuation of elephant
translocation will reduce genetic fitness among these wild
elephant populations and affect their social organization
(Gray et al. 2014; Goossens et al. 2016). Habitat
enrichment activities in elephant range habitats are possible
to control conflicts and indirectly improve genetic flow
among wild elephant populations (Salman et al. 2011).

The natural movement habits of Asian elephants imply
a current genetic variation pattern. Elephants always prefer
high water and food source areas for survival (Salman et al.
2011) and tend to move further away from one particular
habitat. Magintan et al. (2016) found that during
hydroelectric dam construction in Hulu Terengganu, the

movement patterns of GPS-collared male and female
elephants were similar; however, the home-range area of
males was larger than that of females because the males
roamed deeper into the forest. Few sampling sites
examined by Elliza et al. (2015) were located nearer to
TNNP. Thus, the migration of elephants into TNNP is
possible via connected forests (Jamie et al. 2018).

In conclusion, the aim of this study was achieved by
displaying the genetic variation of TNNP elephant
population with other populations in Peninsular Malaysia.
The genetic assessment plays an important role in Asian
elephant conservation mitigations in Peninsular Malaysia.
To avoid threats, such as the loss of genetic diversity
among wild elephant populations, the maximum number of
samples must be collected from TNNP and all elephant
habitats, including state parks, such as the Belum-
Temenggor forest complex and the Endau-Rompin forest
reserve, to evaluate Asian elephants’ genetic variations. As
a continuation of this research, a large number of elephant
fecal samples from 32 sampling sites in TNNP were
collected, and an evaluation of mitochondrial sequences
will be carried out. The expected outcome will generally
provide implications for the in situ and ex situ management
of elephants in Peninsular Malaysia.
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