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ABSTRACT

An effective conservation and management plan of Asian elephants in Peninsular Malaysia relies on understanding the
population biology and ecology of the species. Since molecular genetic tools have been developed and widely used for
elephant conservation, the Malaysian Department of Wildlife and National Parks (DWNP) aimed to obtain estimates of
population size, individual identification and sex specific gene flow among elephant populations in Taman Negara
National Parks (TNNP) in line with one of the long-term goals in the National Elephant Conservation Action Plan
(NECAP). In this study, we apply non-invasive molecular techniques to sex Asian elephant faecal and we combine it
with measurement of bolus dimensions to get reliable baseline information on sex ratio as well their age structure in
TNNP; Peninsular Malaysia populations. Two Y chromosome specific fragments (SRY1 and AMELY2) and one X
chromosome specific fragment (PLP1) were used to determine the sex of the elephants that were detected during our
surveys in the TNNP study locations. A total of 217 fresh faecal samples from 31 sampling sites and measurements of
each bolus circumference were analysed. Faecal samples from 10 elephant individuals of known sex from the National
Elephant Conservation Centre (NECC), Kuala Gandah were included as controls. We identified 86 males and 131
females in TNNP via molecular sexing approach. In addition, to estimating the sex ratio in TNNP, we also categorized
the different sexes into three different age classes by measuring mean of bolus circumference. Neonates/juveniles (Class
1) and sub-adults (Class 2) were composed of approximately an even number of males and females. However, our results
of sexing, boli from adults (Class 3) revealed a lower number of males with 40 individuals compared to 84 females. This
female biased sex ratio in adults could be due to poaching pressure on male adults around the study areas. Alternatively,
we could have failed to detect more males because bulls are known to be more solitary and roam further in deeper forest
areas away from their matriarchal herds and far from our sampling locations during our surveys. Despite these potential
issues with detection of bulls, this study provided reliable information on the sex ratio pattern and age structure of free
roaming elephant populations in TNNP. This information provides valuable scientific based management tools for
DWNP as well policy makers in order to make decisions for future elephant conservation management plans in TNNP.
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INTRODUCTION Salman et al., 2011).

The Asian elephant is listed in the Convention

In Peninsular Malaysia, Asian elephants on International Trade in Endangered Species of Wild

(Elephas maximus) are widely distributed in the states of Fauna and Flora (CI.TE.S) under Appendix I which covers
Johor, Pahang, Kelantan, Terengganu, Kedah and Perak most endangered wildlife and plants (CITES, 2017). The

(IUCN, 2017). Elephants in Peninsular Malaysia are three main prioritized conservation actions listed for
categorized as a protected species under the Wildlife Asian elephants were to: 1) protect and manage elephant
Conservation Act of 2010 (Act 716) and as “Endangered” habitat by connecting secured corridors, 2) reduce human
in the International Union for Conservation of Nature — elephant conflict by mitigating community based crop

(IUCN) Red List of Threatened Species (Choudhury e~ guarding actions and 3) enhance law enforcement to
al, 2008). A better understanding of their population reduce poaching in elephant habitats (DWNP, 2013). In

biology is needed to guide management decisions for ~ addition, research efforts that are focused on the
effective conservation strategies of this endangered continuous monitoring of the population size and their
species (DWNP Annual Report, 2015; IUCN, 2017; trends are urgently needed as part of an adaptive
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management action in conserving Asian elephants (Asian
Elephant Conservation Act, 1997; Fernando and
Leimgruber, 2011).

In 2013, the National Elephant Conservation
Action Plan (NECAP) was developed within the existing
framework of the Malaysian Government for
environmental and biodiversity conservation.
Specifically, the National Policy on Biological Diversity
and National Policy on the Environment set the
underlining principles (DWNP, 2013), whilst the
National Physical Plan laid out the spatial framework.
The NECAP is a results-driven, adaptive action plan,
founded on the commitment of the Malaysian
government and its partners to save Peninsular
Malaysia’s elephants. Department of Wildlife and
National Parks (DWNP) Peninsular Malaysia, as a
management authority for wildlife, have faced great
challenges in managing and conserving this precious
species. Since the application of science and technology
have been developed, DWNP decided to apply molecular
genetics tools towards Asian elephant conservation in
Peninsular Malaysia and obtain estimates of population
size, individual identification as well sex specific gene
flow. This will provide baseline information needed to
make decisions regarding the long term management of
the Malaysian Asian elephant population (Fernando et
al., 2003; Hedges, 2012; Okello et al., 2008; Sripiboon,
2013; Vidya et al., 2005).

The key study area selected by DWNP was the
Taman Negara National Parks (TNNP). This is the largest
primary rainforest and is ideal for conducting genetic
assessment of Asian elephant population as listed as one
of the long term objective in NECAP. Non-invasive DNA
based research was carried out to estimate levels of
genetic variability and population sizes as well as to
study their social organization and sex ratio in wild
elephant populations in TNNP (DWNP, 2013). Previous
studies had demonstrated that for molecular based studies
(Zainudin et al., 2010; Aifat et al. 2016; Abdul-Latiff ez
al. 2017), non-invasive samples could provide reliable
information compared to elephant blood (Elliza et al.,
2015). This study focuses specifically on the
determination of sex ratio among free ranging wild
elephant individuals in TNNP by using molecular sexing
approach. In addition, we also conducted age
classification of all tested elephant individuals. The
primary objective of this study was to better understand
sex ratio composition amongst different elephant age
groups which in turn will help us elucidate the fine scale
demographic characteristics of the wild elephant
populations in the TNNP.

MATERIALS AND METHODS

Sampling: Our study locations were in the Taman
Negara National Park which covers some parts of
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Pahang, Terengganu and Kelantan states. Plot sampling
method (Borchers et al., 2002) was chosen and a total of
147 sampling plots sized 16 km2 were selected (Figure
1). Criteria in selecting these plots or hotspots were sites
with high elephant food sources, saltlicks areas, shrubs,
closed canopy, waterholes and animal trails where
elephant faecal piles can be found reliably (Borchers et
al., 2002; Salman et al., 2011). Faecal DNA-based
sampling was carried out at all selected plots. Fresh or
reasonably fresh faecal were collected along the targeted
trails. Reasonably fresh is referred to one or two days old
faecal piles (Ahlering et al., 2011a; Chakraborty et al
2014; Hedges and Lawson, 2006).

Total of nine sampling programs (NECAP 1% to
NECAP 9" from 31 sampling sites were carried out
between March 2016 and September 2017 (Table 1). We
managed to collect two hundred and twenty three (223)
fresh or reasonably fresh faecal samples throughout these
programs. Collected fresh or reasonably fresh faecal
samples were preserved in FTA cards (FTA Technology,
2011) and in customized tubes contain molecular grade
absolute ethanol (99%). The outer layer of faccal samples
was swabbed or scabbed and preserved in both
preservation methods and all samples were stored in
room temperature. Measurement of each bolus
circumference (cm) was recorded together with Global
Positioning System (GPS) coordinates of sampling sites
by using Garmin GPSmap 62. Measurements only were
taken after collecting required DNA samples to avoid
contamination.

Laboratory analysis: Total of 217 out of 223 faecal
samples were derived from different elephant individuals
or having unique genotypes. The genotyping analysis
were conducted by using microsatellite markers. These
217 selected samples were selected for molecular sexing
analysis. In addition, positive control faecal samples from
ten elephant individuals with combination of five females
and five males from National Elephant Conservation
Centre (NECC) were added. Positive control samples
were used as reference during allele scoring and to avoid
errors during finalising correct alleles.

All the samples preserved on FTA cards were
chosen for extraction; while samples preserved in
absolute ethanol were deposited in the DWNP Wildlife
Biomaterial collection unit. DNA extractions were
completed by using the QIAGEN DNeasy Blood &
Tissue Kit because cells can be lysed on FTA cards,
avoiding DNA degradation (Abdul-Latiff et al., 2019).
DNA extractions were conducted in a separate area away
from the PCR room to avoid contamination from PCR
products (Md-Zain et al., 2018). Negative controls, where
sample without faecal material added to the extraction
accompanied each set of extractions and were used to
check for contamination (Md-Zain et al, 2010).
Quantification of DNA was completed by using
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NanoDrop 2000 Spectrophotometer (Thermo Fisher
Scientific 2010).

We used two short Y-specific fragments (SRY'1
and AMELY2) with 71 bp and 122 bp and one longer X-
specific fragment (PLP1) with 191 bp. Primer SRY1 and
PLP1 were fluorescently labelled with HEX, and
AMELY?2 was labelled with FAM (Ahlering et al.,
2011b). Multiplex PCR Amplification with 20 pL
reaction consisted of 10 uL PCR Master Mix, 2X
(Promega, 2016), 2 pL of ddh20, 1 pL each of 10 uM
primers, and 2 pL of template DNA. Annealing
temperatures ranged from 57°C to 59°C. The
amplification protocol consisted of 10 minutes initial
denaturation at 95°C, followed by 40 cycles of 30 sec, 1
min extension at 72°C and a final extension of 10 min at
72°C.

Three replicates of PCR were conducted for all
217 samples. Negative controls with no DNA template
added as well as positive controls from faecal samples of
elephants of known sexes were also included in each set
of PCR reactions. All un-purified PCR products from
three replicates were sent to Apical Scientific Sdn. Bhd, a
private laboratory for fragment analysis. FASTA-
formatted raw data from fragment analysis were analysed
using GeneMapper® Software 5 (Life Technologies
Corporation, 2012). Fragment analyses confirmed three
peaks for males and one peak for females, as expected
(Ahlering et al., 2011b).

Population Age Structure: Elephant dung bolus
circumference measurements has capability to reveal
information on the age composition of the group.
Estimated age class of elephants were retrieved from
intact dung bolus circumference measurement size and it
was recorded in centimetres (cm) by using a flexible
plastic measuring tapes as shown in Figure 2 (Hedges et
al., 2013; MoBbrucker et al., 2015). Three different age
classes were assigned from mean bolus circumference
(mbc) as described by Tyson et al. (2002):

mbc < 30 cm = neonates & juveniles

30 cm <mbc < 42 cm = sub-adults

mbc > 42 cm = adults

RESULTS

Elephant DNA was successfully amplified from
all the 217 genotyped individuals from TNNP. The three
molecular sexing markers showed 131 numbers of
samples from females while remaining 86 samples from
males. We detected the expected size of 71 bp for the
SRY'1 locus. While primers that amplified the AMELY?2
and PLP1 loci showed a 122 bp and 191 bp fragment
respectively. All the 131 samples from females amplified
a single peak for primer PLP1 while samples from males
showed the three peaks of the expected size for each of
the loci. These results were compared and confirmed with
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the fragment size pattern from the ten known positive
control samples. All the tested samples were arranged
based on nine sampling programs to check the sex ratio
distribution among elephant population in TNNP as
summarized in Figure 3. The outcome shows, higher
number of female elephants were found throughout these
studies except during 2nd and 9th sampling programs.
More male elephants found during these two sampling
programs which were conducted around Sg Tanum, Sg
Masuk, Sg Lebir, Sg Relai, Sg Temau, Sg Ara, Sg Koh
and Kg Pagi.

Table 1. List of sampling sites.

No Sampling sites Number of samples
1 Sg Petang 1
2 Kechau 1
3 Gua Gajah 4
4 Gua Pengingat 7
5 Jenut Sg Yu 6
6 Kg Pagi 11
7 Sg Ara 6
8 Sg Cacing 23
9 Sg Cicir 2
10  SgKeniyam 10
11 Sg Kepung 1
12 SgKetil 2
13 Sg Koh 10
14 Sg Lebir 12
15 Sg Masuk 11
16 Sg Relai 9
17 Sg Sat 7
18 Sg Sepia 16
19 Sg Tanum 15

20 Sg Temau 4
21 Sg Tembeling 14
22 Sg Tenur 1
23 Sg Terenggan 23
24 Sg Wa 4
25 Sg Yong 1
26 Tasik Kenyir 1
27  SgPertang 5
28 Sg Mentut 2
29 Sg Pak Chau 4
30 Sg Perepek 1
31 Aring 10 3
TOTAL 217

The ranges of recorded bolus circumference
measurement of both males and females were 20.0 — 58.2
cm and 19.3 — 53.2 cm respectively as shown in Table 2.
There were 3 age classes of Asian elephants developed
based on dung size (Tyson et al., 2002), which were
Class 1: 0-5 years of neonates and juveniles; Class 2: 5-
15 years of sub-adults and finally Class 3: older than 15
years of adults. A complete dataset on mean of bolus
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circumference (mbc) of each 217 samples was analysed
to evaluate their age structure as shown in Table 3 and
Figure 4. Outcome shows higher number of faecal
samples was collected from adult elephant except for 6th
and 7th sampling programs. This two sampling were
carried out in Aring 10 and Sg Koh. These two locations

The J. Anim. Plant Sci. 30(6):2020

were in deeper part of forest. In overall, the percentage of
adult elephants in all the 31 sampling sites was above
50%. In addition, the presence of sub-adult categories
was second highest after adults. The elephant individuals
from juvenile or neonates’ groups were less than 10%.

Table 2. Summary of minimum — maximum, mean+SD and median of bolus circumferences measurement (cm) of

each collected dung samples (N) in TNNP

Sex N Min-Max Mean+SD Median
Female 131 19.3-532 43.05+6.89 44.2
Male 86 20.0 — 58.2 40.40 £9.23 41.1
Table 3. Age structure of Asian elephants in TNNP.
Mean of Bolus Circumference, mbc (¢cm) Age Class Age Group Male Female Total
mbc <30 Class 1 neonate/juvenile 11 4 15
30 <mbc <42 Class 2 sub-adults 35 43 78
mbc > 42 Class 3 adults 40 84 124
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Figure 2. Measurement of boli circumference.

SEX RATIO PATTERN AMONG
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Figure 3. Sex ratio pattern of Asian elephants in TNNP.
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Distribution pattern of male and female E. maximus based
on different age structure
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Figure 4. Distribution of females and males based different age class.

DISCUSSION

The molecular sexing analysis have identified
60% of females from total of 217 tested samples and
remaining were from males. An average of allele scoring
from three pairs of sexing markers were summarized this
sex ratio among tested elephant populations.
Comparisons with positive controls were minimized
percentage of misinterpretation during allele scoring.

The outcome from DNA based sex
determination together with the elephant dung bolus
measurements contributed in their abundance estimation
in TNNP (MofBbrucker et al., 2015). Male and female
bolus circumferences were of similar in size as
determined by the overall mean and median
circumference of bolus of each sex. According to Kongrit
and Siripunkaw (2017) and Vidya et al. (2003), the
circumference of an Asian elephant bolus can indicate the
sex of that individual and the normal accepted range of
male bolus circumference is 17.33-58.33 cm, while
female bolus circumference ranges 19.67-53.50 cm. Our
recorded range of bolus circumference is concordant with
this previous research conducted in Salakphra Wildlife
Sanctuary, Kanchanaburi province Thailand (Kongrit and
Siripunkaw, 2017)

Asian elephants are also slow reproducing and
have long life spans. They are known to have a higher
survival rates at an older age after the more risky
postnatal years (Sukumar, 2003). Therefore, we expect
larger number of adult elephants in natural populations
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compared to sub-adults either juveniles or young calves
(Kumara et al., 2012; MoBbrucker et al., 2015). Our 217
samples had shown almost a balanced number of both
sexes in juveniles and sub adults but the situation
changed with a female biased ratio of more than 60% for
adult elephants.

Our results suggest that many young males are
detected compared to old bulls. In nature, elephants are
born at equal sex ratios but unfortunately males suffer
from increased mortality rates which explain the female
biased ratios in older age groups found in many range
countries (Easa and Balakrishnan, 1995; Katugaha ef al.,
1999; Sukumar, 2003; Williams et al., 2007). For
example, in Sumai and Riau Jambi area at Bukit Tiga
Puluh landscape in Indonesia had approximately twice as
many adult females compared to adult males
(MofBbrucker et al., 2015)

This low number of adult males in TNNP could
be due to poaching aimed directly at ivory in male tusks.
Poaching for ivory was also a threat in other elephant
populations that has resulted in extremely skewed female
ratios, thus affecting breeding rates (Nagulendran et al.,
2016; Ripple et al., 2017). Our results call for DWNP to
take urgent measures to tighten up enforcement activities
in the TNNP to protect wild Asian elephant’s particularly
older bulls from poaching.

In addition to poaching activities, the low
percentage of adult males detected during our surveys
could also be compounded by the different movement
habits of males and females. Our criteria for selecting our
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survey sites were the availability of adequate amounts of
water and food resources. While both males and females
prefer high water and food source areas for survival
(Salman et al., 2011), male elephants tend to move
further away from these desired areas compared to
females. According to Magintan et al. (2016), during
hydroelectric dam construction in Hulu Terengganu,
Terengganu, Peninsular Malaysia, the movement patterns
of GPS-collared male and female elephants were similar,
but the home-range area of males was larger than that of
females because the males roamed deeper into the forest.
The bulls could have moved far from our targeted trails
while we were conducting our sampling surveys. In the
future, we recommend that a wider range of sampling
plots be included to cover the possible roaming range of
adult male elephants (Neupane et al., 2019; Wadey et al.,
2018)

Application of molecular sexing coupled with
field parameters like dung bolus circumference
measurement demonstrates that pattern of female: male
distribution with their age structure among wild free
ranging Asian elephants. This will play an important role
in developing a DNA profile database on free ranging
Asian elephants in TNNP. This fingerprinting database
will generate key elements for evidence-based
conservation in line with the actions proposed in National
Elephant Conservation Action Plan (NECAP).

Conclusion: This study provides very first evaluation on
sex ratio and determination of age structure among Asian
elephants in the TNNP by using genetic information from
faecal samples. We successfully assess population sex
structure of wild and free ranging elephants with non-
invasive DNA samples together with reliable molecular
sexing protocols that target X and Y chromosome-
specific markers. The combination of field and molecular
ecology protocols in this study provided reliable
information on the sex ratio pattern and age structure of
free roaming elephant individuals in TNNP. Size of intact
elephant bolus provides hidden information on age
category of these large mammals and provides wildlife
researchers and managers with strong baseline data for
monitoring and conservation management strategies of
this species. This outcome will play an important role in
law enforcement patrolling by DWNP in TNNP by
providing supporting details for cases involving elephant
poaching in the wild.
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