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Despite containing the largest extent of unfragmented landscape in the Asian elephant (Elephas
maximus) range, Myanmar has high levels of human–elephant conflict. The Bago Yoma mountain
region of central Myanmar has previously been identified as an elephant conflict hotspot, char
acterized by high levels of crop-raiding and illegal killing of elephants for the ivory and skin
trades. We used non-invasive fecal sampling to evaluate the population structure and demog
raphy of wild and captive elephants in the Bago Yoma using microsatellite loci and mitochondrial
DNA in combination with crop-raiding status, age, and sex. We were able to collect 252 samples
from wild elephants –119 directly following conflict events– and 25 from captive elephants from
which we identified 127 unique wild and 21 captive individuals. The population was biased
toward subadults, which could be an important contributor to the high rates of conflict, as these
individuals may lack the experience to avoid dangerous behaviors. Conflict elephants were pri
marily male, although both sexes and all ages engaged in crop-raiding, including females with
juveniles. We found that elephants that commit solo raids were all male, while larger raiding
parties often included both related and unrelated individuals of both sexes. Repeat offenders were
common. These wild elephants contained high levels of genetic diversity, differentiated from local
captive populations, and valuable for the species’ conservation. Overall, the elephants of Bago
Yoma, Myanmar have been heavily affected by conflict, and managers could utilize the knowl
edge presented to aid in the preservation of this population.

1. Introduction
The Asian elephant (Elephas maximus) is a globally recognized endangered species with highly dispersed populations of limited
connectivity throughout their habitat and geographic range (Leimgruber et al., 2003; Choudhury et al., 2008). The largest extent of
unfragmented habitat in the species’ range is found in Myanmar, a country that has been described as a potential stronghold for Asian
elephant conservation (Leimgruber et al., 2003; Bhagwat et al., 2017). The people of Myanmar have a long and complex relationship
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with elephants, with widescale usage in the timber industry leading to the world’s largest captive elephant population (Leimgruber
et al., 2008). Myanmar’s working elephants are sometimes considered semi-captive, as they are allowed to feed and roam in natural
vegetation surrounding their camps at night and during off-seasons, albeit usually constrained by drag chains or hobbles. During these
time periods they may interact and even breed with wild individuals (Crawley et al., 2019; Seltmann et al., 2019).
Myanmar’s wild elephant population has declined dramatically since the mid-1900s, and more recent assessments suggest that
populations are still declining (Leimgruber et al., 2011). Much of this population decline had previously been attributed to a constant
off-take of wild elephants to supplement the country’s working elephant population (Leimgruber et al., 2008). However, live capture of
elephants for this industry officially ended in the early 2000 s following directives from the government, and the continued population
declines are more recently due to continuing illegal captures (MECAP, 2018), habitat loss, conflict, and poaching (Leimgruber et al.,
2008; Sampson et al., 2018).
The illegal killing of wild elephants for their products is among the greatest threats to the future of Myanmar’s elephant populations
(Sampson et al., 2018). Recent work on the hunting and local wildlife trade in Myanmar indicated that local amassing of illegal wildlife

Fig. 1. Map of the primary study area in the southern foothills of the Bago Yoma in central Myanmar with samples collected indicated as conflict,
general collection, or captive.
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products, primarily driven by Chinese demand (Nijman and Shepherd, 2014), may be much higher than previously thought and
contribute significantly to poaching pressures on many local endangered fauna (McEvoy et al., 2019). In addition to ivory, market
surveys along the Myanmar-China border have shown an increasing demand for elephant skin, genitalia, and other body parts that are
largely sourced from wild elephants in Myanmar (Nooren and Claridge, 2001; O’Connell-Rodwell and Parry-Jones, 2002; Nijman and
Shepherd, 2014). A rise in demand for skin products in particular (Nijman and Shepherd, 2014; Elephant Family, 2019), has resulted in
increasing rates of illegal killing of elephants across Myanmar (Sampson et al., 2018). Between 2015 and 2017, Sampson et al. (2018)
identified over 40 poached elephants including seven of their own collared individuals and local reports of dozens more in nearby
regions. While tuskers are rarer in this population due to previous poaching selective pressures (Kurt et al., 1995), only a single in
dividual killed was a tusker male. Further, the majority of the carcasses were skinned, confirming the shift in demand from traditional
ivory products to skin, and posing a much greater risk to the elephant populations.
Remnant elephant populations in Myanmar inhabit forest fragments alongside the over 60 million people that also reside within the
country (Leimgruber et al., 2011; Songer et al., 2016). A systematic assessment using dung counts along transects suggested that there
were about 2583 elephants in the entirety of the Bago Yoma, the mountainous region near the former capitol and largest city, Yangon,
in 1998 with approximately 56 elephants in the Okkan Forest Reserve of the southern foothills area (Varma et al., 2008). People have
converted large tracts of forest into agriculture lands, primarily rice paddy, in the foothills of the Bago Yoma since the 1990s. This
patchwork of forest habitat alongside croplands entices elephants to exploit the high nutritional value of crops at the expense of local
farmers (Webber et al., 2011). Elephant crop-raiding can be disastrous to farmers, as the animals not only consume valuable agri
cultural products, but also cause large-scale collateral damage to crops, houses, farming equipment (Sampson et al., 2019), and even
livestock (Rodriguez and Sampson, 2019).
The compression of local elephant populations alongside expanding small-scale agriculture have led to human–elephant conflict
(HEC). The southern foothills of the Bago Yoma have likely seen the most significant increases in conflict of any area in Myanmar since
the 1990s. Research on human–wildlife conflict has demonstrated that continued local conflict (e.g., crop-raiding, property damage)
can discourage local conservation practices, increase tolerance of illegal poaching, and decrease overall support for conservation
efforts (Fenio, 2014; Kansky et al., 2016). In this study, we sought to understand the dynamics of HEC, specifically the demography and
population structure of a conflict population. We were interested in assessing the elephant population in the HEC area, and to
determine more about elephants in the population that are involved in conflict including whether some individuals are more likely to
engage in conflict based on previous conflict history, relationship, sex, and age group.
2. Methodology
2.1. Study area
Our sampling sites were located in the southern foothills of the Bago Yoma mountain range in central Myanmar, approximately 60
km north of Yangon, near the Tak Kyi and Tharrawaddy townships (Fig. 1). Elephant habitat consists of disturbed mixed deciduous
forests with semi-evergreen forests alongside developed agriculture fields. Agriculture in this area are mostly small-scale operations of
rice and sugarcane. The area is also famous for a highly profitable stretch of teak forest that has been subject to substantial logging
operations, using local captive elephant camps, for the past 130 years (Salter, 1983). The major elephant populations of the region
inhabit the nearby forest reserves of South Zamari, North Zamari, Yenwe, Idokan and Okkan (Varma et al., 2008). The elephant
population of the southern foothills is likely to be largely connected to the nearby Okkan Forest Reserve.
2.2. Sample collection
From October 2015 to May 2016 local villagers and staff from the Ministry of Natural Resources and Environmental Conservation
(MONREC) were trained to monitor elephant activity, completed standardized reports, collected, measured, and preserved fecal
samples, and recorded GPS coordinates (when devices were available) after conflict events such as crop-raiding or destruction of
property. The sampling team also collected samples from sites such as within the forest or along roads using two methods: 1)
opportunistic sampling and 2) elephant trail searching. In the opportunistic sampling method, team members gathered fecal samples
when they encountered a dung pile by chance or in the course of other research-related activities. In the trail searching method, the
sampling team traveled all roads within the study area searching for signs of elephant crossings, easily identifiable by their fresh tracks.
The team would then track the elephant(s) until they found dung or could not follow the trail any further. Two rounds of the transect
method were completed within the study period, each lasting approximately two weeks. Samples were also collected from captive
elephants at the local government-owned timber camp, Myaing Hay Wun elephant camp, where working elephants are released every
evening and recaptured every morning by MONREC staff.
The age-class of individual elephants was estimated from the average circumference of up to three dung boli, following criteria set
by Tyson et al. (2002). For genetic analyses, we collected 10 mg of fresh elephant dung (<24 h old) preserved in Queens College buffer
(20% DMSO, 0.25 M EDTA, 100 mM Tris, pH 7.5, saturated with NaCl; Amos et al., 1992). All samples were boiled at 70 ◦ C for 30 min
in compliance with USDA-APHIS import requirements and stored at ambient temperatures until exported to the United States for
analysis.
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2.3. Genetic identification
We extracted DNA using a modified QIAamp DNA stool Mini Kit (QIAGEN, Germantown, MD) protocol optimized for use with
elephant dung (Archie et al., 2008). We further optimized this protocol by centrifuging 2000 µl of the raw sample at 12,000 RPM for
1 min, discarding the liquid buffer, adding raw sample to the same tube to a volume of 2000 µl and centrifuging again until ~ 800 µl of
concentrated dung sample was collected. Samples were incubated a minimum of 24 hr at 56 ◦ C in a total volume of 2000 µl containing
20 mg Proteinase K and Stool Lysis Buffer (Buffer ATL, Qiagen) before extraction. We also extended final DNA elution time to 30 min
for maximum recovery of DNA. For samples with poor DNA concentrations, we conducted an additional extraction and concentrated
elution using an ethanol precipitation. We amplified DNA using eight microsatellite loci previously used in Asian elephants (Kongrit
et al., 2008) in a multiplex polymerase chain reaction (PCR) using Platinum Master Mix and GC Enhancer (ABI), 2 mM fluorescently
tagged primer mix, and 0.8 mM BSA. All reactions included positive controls to standardize allele scoring and negative controls to
detect contamination of PCR reagents. The PCR profile consisted of an initial incubation at 95 ◦ C for 2 min; 40 cycles of 94 ◦ C for 30 s,
annealing at 58 ◦ C for 90 s, 72 ◦ C for 60 s, followed by a final extension cycle at 60 ◦ C for 30 min. Amplification products were verified
in a 2.5% agarose gel stained with GelStar (Lonza).
Amplified products were genotyped using an ABI 3730xl DNA analyzer (Thermo Fisher Scientific, Waltham, MA) with added 600
LIZ size standard. Samples were repeated to detect genotyping errors and to ensure genotyping consistency across reactions. All ge
notypes were scored in GeneMarker v. 1.9.7 (Holland and Parson, 2010). We tested for allelic dropout, scoring error due to stuttering,
and null alleles in Microchecker (Van Oosterhout et al., 2004). We calculated the probability of identity for randomly chosen in
dividuals (PIrandom) and for siblings (PIsibs) in GenAlEx v. 6.41 (Peakall and Smouse, 2012). Unique individuals were identified using
the thresholds of Waits et al. (2001) with fuzzy matching at up to two loci considered during identity analysis in Cervus (Kalinowski
et al., 2007) in combination with fecal bolus circumference.
We determined the sex of each individual by amplifying sex specific fragments - two short Y-specific fragments (SRY1 and AMELY2)
and a longer X-specific fragment (PLP1) - and visually inspecting fragments on a 3% agarose gel (Ahlering et al., 2011a). Each sexing
PCR and gel verification was repeated at least three times for confirmation to avoid misidentification due to allelic drop out.
We randomly selected a subset of identified individuals (n = 64 wild, 7 captive) and sequenced a 593 bp mitochondrial DNA
(mtDNA) fragment spanning the C terminal of cytochrome b, threonine and proline tRNAs, and part of the noncoding mitochondrial
control region using primers developed specifically for the Asian elephant (Fernando et al., 2000). PCR reactions were conducted in
25 µl volumes comprised of 0.4 μM primers (forward and reverse), 1X PCR Gold Buffer (50 mM KCl, 8 mM Tris-HCl), 0.2 mM dNTPs,
2.0 mM MgCl2, 0.8 mM BSA, and 0.5 U Amplitaq Gold DNA Polymerase (Thermo Fisher Scientific, Waltham, MA, USA). The PCR
profile was: 95 ◦ C for 10 min; 45 cycles of 95 ◦ C for 1 min, 55 ◦ C for 1 min, 72 ◦ C for 1 min, followed by a final extension at 72 ◦ C for
10 min. Amplification products were verified in a 2.5% agarose gel stained with GelStar (Lonza), purified using ExoSap-IT (USB), and
sequenced bidirectionally in an ABI 3730xl DNA analyzer (Thermo Fisher Scientific, Waltham, MA). The resulting chromatographs
were aligned using ClustalW and manually trimmed in Geneious v. 8.0.5 (Kearse et al., 2012). Sequences that differed by at least one
nucleotide were collapsed into haplotypes using FaBox v. 1.41 (Villesen, 2007) and compared to previous studies directly from the
literature or to the NCBI GenBank database (Benson et al., 2007) using the Basic Local Alignment Search Tool (BLAST).
2.4. Population analyses
Population density plots were generated for each sex based on the distribution of bolus circumference (as a proxy for age) in
RStudio v.3.5.2 (R Core Team, 2018). Age distributions were tested for normality using a Shapiro-Wilks test for normality and tested
for differences between the sexes using a Mann-Whitney test in R (R Core Team, 2018).
We tested for deviations from expectations under Hardy-Weinberg equilibrium (HWE) and for linkage disequilibrium (LD) in
GenePop (Raymond and Rousset, 1995), with a standard Bonferroni correction for multiple comparisons for all individuals and for the
sexes separately. We calculated observed heterozygosity (HO), and expected heterozygosity (HE) in GenAlEx v. 6.41 (Peakall and
Smouse, 2012) and rarefied allelic richness (AR) and private allelic (AP) were generated using HP-Rare v. 1.1 (Kalinowski, 2005) for the
population as a whole as well as independently for each sex and age class. Per locus HE and HO for each were arcsine square root
transformed and AR and AP were fitted to gamma distributions for statistical analysis in RStudio v.3.5.2 (R Core Team, 2018). Sig
nificant differences between sexes and age classes were determined by applying linear models with locus as a fixed effect using the
LME4 package v.1.1–23 (Bates et al., 2015) followed by an ANOVA in the CAR package v. 3.0–9 (Fox and Weisberg, 2019). Post-hoc
testing was completed by applying a Tukey test in Multcomp v1.4–13 (Hothorn et al., 2008). We calculated effective population size
using NeEstimator v. 2.1 (Do et al., 2014) with a minimum allele frequency cutoff at 0.020. For mtDNA, we calculated haplotypic
diversity (h), and nucleotide diversity (π) and compared differences between sexes using genetic_diversity_diffs.R v1.0.6 (Alexander
et al., 2016) with 10,000 permutations.
We tested for population structure using Bayesian model-based clustering in Structure 2.3.4 (Pritchard et al., 2000). We applied an
admixture model with no priors and tested up to 10 genetic clusters (K=1–10) with 10 replicates for each K using 50,000 burn-in steps
– K}). We
and 250,000 MCMC replicates. We determined the number of genetic clusters based on the probability of K (ln {Pr(X–
evaluated nuclear differentiation (FST) between sexes, age classes, and captive individuals in GenAlEx v. 6.41 (Peakall and Smouse,
2012) using analysis of molecular variance (AMOVA). We also evaluated the number of migrants entering the population per gen
eration (Nm) between captive and wild elephants by sex using 9 999 permutations in GenAlEx v. 6.41 (Peakall and Smouse, 2012). We
tested for mtDNA differentiation (ɸST) between sexes and with the captive population in Arlequin, assessing the significance of dif
ferentiation in using 9 999 permutations (Excoffier et al., 2005). We applied a standard Bonferroni correction to determine statistical
4
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significance (Neyman and Pearson, 1928).
For samples collected during conflict events, we evaluated the demographic composition of raiding parties. We estimated first order
pairwise relationships (parent-offspring, full sibling, half sibling or unrelated) between elephants in a raiding party in ML-Relate
(Kalinowski et al., 2006). We further evaluated shared characteristics such as sex and age between elephants found at multiple
conflict events, deemed “repeat offenders”.
3. Results
3.1. Collection and individual identification
Local villagers and MONREC staff collected 252 Asian elephant dung samples from the wild elephants in the southern Bago Yoma
foothills; of these, 119 were collected following conflict events. We determined 6 loci were necessary to distinguish individuals and
siblings with high confidence (PIrandom = 5.84 ×10-6; PIsibs = 5.58 ×10-3). Therefore, 25 samples were excluded from further analysis
for failing to reach this threshold. Within the remaining 227 samples, we identified 127 unique individuals with 100 recapture events
based on a combination of genotype and bolus circumference measurements. Within and surrounding the captive elephant camp, we
collected an additional 25 samples found to represent 21 of the captive elephants. A single sample believed to be a wild individual was
determined to be a recapture of a captive individual. Recapture events of wild elephants consisted of 38 individuals and varied up to 7
recaptures of the same individual.
3.2. Demography
Of the 127 identified wild individuals, 82 (64.6%) were male while 45 (35.4%) were female. We found 17 juveniles (fecal bolus
circumference < 30 cm; 11 M, 7 F), 57 subadults (30–42 cm; 34 M, 22 F), and 30 adults (> 42 cm; 21 M, 9 F), while 23 were of
unknown age (16 M, 7 F) due to the lack of an intact fecal bolus. Females in particular were heavily subadult biased, but males also
were skewed toward a subadult dominant population. Subadult males are expected to have dispersed from their maternal herds and
may or may not associate with other subadult males (Desai and Johnsingh, 1995). Fecal bolus circumferences were normally
distributed (W = 0.979, p = 0.098), and distributions were not significantly different between sexes (two-tailed; W = 1200.5,
p = 0.721; Fig. 2).
3.3. Population status
We determined 3 of the 8 loci were out of Hardy-Weinberg Equilibrium (HWE; EMU02, EMU09, EMU12), but no loci showed
evidence of linkage disequilibrium. However, when sexes were tested separately, females had no loci out of HWE while males were out
of HWE again for three loci. We found a mean HO = 0.573 SE 0.049 and HE = 0.676 SE 0.031 for all individuals (Table 1). The mean
number of alleles overall per locus was 4.875. Sexes and ages were not significantly different on any diversity metrics. We estimated
the effective population size at 60.0 (95% CI = [42.2, 89.9]) with a harmonic mean of 116.1.
Using mtDNA, we identified four previously discovered haplotypes BO (AY245808), BH (AY245803), BQ (AY245816), and BL
(AY245804; Fernando et al., 2003). BH, BL, and BQ have previously been found in Myanmar among other countries, whereas BO has
previously been found in Vietnam and Sri Lanka (Vidya et al., 2009). In the wild elephant population, we found BH and BO in high
frequencies (51.6% and 45.3% respectively), while BQ and BL were rare (1.5% each). For the wild elephants, haplotype diversity was
0.537 + /- 0.024 and nucleotide diversity was 0.004 + /- 0.002. Using wild males only, haplotype diversity was 0.544 + /- 0.036 with

Fig. 2. Demographic density of wild elephants as shown by distribution of fecal bolus circumference as a proxy for age for each sex. Size thresholds
for juvenile (> 30 cm), subadult (30–42 cm), and adult (> 42 cm) from Tyson et al. (2002) are shown. Subadult dominant populations for both sexes
were normally distributed and did not differ significantly between sexes.
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Table 1
The nuclear diversity including observed heterozygosity (HO), expected heterozygosity (HE), and Hardy-Weinberg Equilibrium (HWE) status de
parture indicated with an asterisk (*), rarefied allelic richness (AR) and private allelic richness (AP) per microsatellite locus and overall, as well as the
mtDNA haplotype diversity (h) and nucleotide diversity (π) for all wild individuals and sexes separately.
ALL
Locus

HO

EMU01
EMU02
EMU09
EMU10
EMU12
EMU13
EMU14
EMU17
MEAN
SE
h

0.543
0.701
0.333
0.584
0.410
0.648
0.642
0.724
0.573
0.049
0.537 + /0.004 + /-

π

FEMALES
HE
0.677
0.607
0.592
0.609
0.590
0.752
0.789
0.789
0.676
0.031
0.024
0.002

HWE
*
*
*

HO

MALES
HE

HWE

0.478
0.669
0.674
0.637
0.378
0.543
0.689
0.627
0.525
0.582
0.578
0.766
0.605
0.777
0.825
0.792
0.594
0.674
0.050
0.033
0.634 + /- 0.069
0.004 + /- 0.003

AR

AP

HO

3.969
3.000
4.484
5.488
4.906
4.987
5.000
5.966
4.725
0.325

0.098
0.000
0.108
0.174
0.350
0.191
0.000
0.126
0.131
0.040

0.573
0.683
0.720
0.588
0.315
0.620
0.531
0.601
0.359
0.594
0.679
0.741
0.654
0.792
0.662
0.783
0.562
0.675
0.054
0.031
0.544 + /- 0.036
0.003 + /- 0.002

HE

HWE
*
*
*

AR

AP

3.899
3.000
4.815
5.758
4.640
4.806
5.000
5.870
4.724
0.331

0.028
0.000
0.439
0.443
0.084
0.011
0.000
0.030
0.129
0.069

a nucleotide diversity of 0.003 + /- 0.002, while for wild females, haplotype diversity was 0.634 + /- 0.069 with a nucleotide diversity
of 0.004 + /- 0.003 (Table 1). In the captive population, we only identified BQ and BH; although the frequency of BQ was much higher
(57.1%). Haplotype diversity was 0.571 + /- 0.120 while nucleotide diversity was 0.006 + /- 0.004 in the captive elephants.
Haplotype diversity and nucleotide diversity were not significantly different between wild males and wild females, or between wild
and captive individuals.
3.4. Structure and differentiation
We found no major population structure breaks (K = 1) among wild individuals, however when the captive population was
included, we found minor population structure (K = 3, mean (LnProb) = − 2942.90), breaking particularly from wild females (Fig. 3).
Nuclear genetic differentiation (FST) was significant between the captive population and wild males (FST = 0.032, p = 0.000) and
wild females (FST = 0.050, p = 0.000), but not between wild males and wild females following Bonferroni correction (p = 0.048). The
number of migrants per generation (Nm) between wild males and captives was 7.538 while between wild females and captives was
4.73, both substantially lower than the 50.635 between wild males and wild females. There were no significant differences between the
age distribution by sex or wild and captive status, following Bonferroni correction. Using mtDNA, both wild males (ɸST = 0.481,
p = 0.000) and wild females (ɸST = 0.372, p = 0.009) were significantly differentiated from captives, although not from each other.
3.5. Conflict elephants
We collected samples immediately following 32 conflict events consisting of crop-raiding or destruction of property. We identified
72 elephants participating in a conflict event. At 47% (n = 15) of the conflict events, we detected DNA from a single elephant, and we
assume therefore these raids were committed by lone individuals. Furthermore, all of these solo raids were committed by males;
consisting of 33% subadults and 66% adults. In conflict events with more than one elephant present, deemed ‘raiding parties’, we
detected 4.50 SE 0.76 elephants in a party on average. The majority of these parties (56%) were of mixed relationships: typically, a core
group of highly related individuals (parent-offspring and/or full siblings) accompanied by 1–2 unrelated individuals. The majority of
these unrelated individuals were male, however in three parties the unrelated individual was female. In raiding parties, 69% had at
least one subadult or adult female present and 50% had at least one juvenile. Only one raiding party consisted entirely of females, who
were a pair of unrelated subadults. Parties consisting entirely of unrelated individuals made up 33% of raiding parties and were almost
exclusively males (all but the one mentioned previously). We found 15 repeat offenders, elephants present at more than one conflict
event, that were 80% male and 66% subadults. Our greatest repeat offender was a subadult male located at five separate conflict
events; both as an individual raider and with raiding parties. In all 32 conflict events, at least one repeat offender was present in 72% of
raids. No captive elephants were identified participating in HEC events.

Fig. 3. Analysis of nuclear microsatellite data structure revealed three genetic clusters (K = 3, (LnProb) = − 2942.90) and support the captive
elephants’ differentiation from both male and female wild elephants. However, higher genetic similarity, although still low, could be shared be
tween captive elephants and wild males than wild females.
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4. Discussion
We believe our study is the first systematic assessment of a wild elephant population in Myanmar based on genetic analysis. At an
expert workshop in 2002, Burmese elephant experts estimated the population for the entirety of the Bago Yoma to be between 200 and
240 (Leimgruber et al., 2011). The 127 wild elephants identified in this small region of the Bago Yoma foothills could indicate that a
large proportion of the population is concentrated there, that elephants across a broader range visit the area frequently, or that overall
expert estimates for these areas are too low or outdated. However, due to the limitations of our study, we are unable to distinguish
between these possible options to explain the high population density.
The intrusion of small-scale agriculture into the Bago Yoma foothills may be enticing the nearby elephant populations including
those in the Okkan forest reserve to take advantage of the highly accessible and nutritious resource, leading to an overall increase in the
local population density. Subadult males are the primary dispersers in Asian elephants (Sukumar, 1991), which could account for their
high proportion in the Bago Yoma. This high population density could also be driven by high levels of poaching in the major con
servation areas as elephants seek refugial habitat; however, these conservation areas are generally protected by their overall inac
cessibly (Varma et al., 2008). Regardless, this local population increase may be temporary or harmful, as the landscape changes may
create an ecological trap (Hale and Swearer, 2016). Elephants attracted to the high nutrient content in crops are placed at increased
risk of poaching because of their increased accessibility and crop-raiding.
In the southern foothills of the Bago Yoma, we found that all sexes and ages participated in crop-raiding, although the majority of
raids were committed by males, as seen in other populations (Sukumar, 1990; Williams et al., 2001; Ekanayaka et al., 2011). Males
were found raiding alone or in raiding parties, while females were only raiders as a party. However, this finding is limited by the
assumption that all the elephants present during the raid also defecated during the event. Raiding parties themselves appear to
resemble the female relative-based herd structure seen elsewhere in elephants (Vidya and Sukumar, 2005), except that they generally
included 1–2 unrelated individuals. These unrelated accompanying individuals were typically male, however unrelated females were
found on three occasions. We also found an all-female raiding party consisting of a pair of unrelated females. We were unable to
determine if all elephants in a raiding party were continuously together in the general population or if the related herd engaging in
conflict was drawing in unrelated individuals to participate. Elephants will preferentially select habitat by considering resource
availability in comparison to disturbance or risk and unlike males, female herds will typically sacrifice a high-resource for decreased
risk, particularly when juveniles are present (Srinivasaiah et al., 2012). However, we found that juveniles were present in 50% of
raiding parties. The young age structure and subadult dominance in herds could be a factor in this finding, as experienced matriarchs
would be expected to protect young, inexperienced mothers and juveniles by avoiding such high-risk activity (McComb et al., 2011).
We also found that repeat offenders were extremely common and present in the majority of raids. Repeated conflict can be detrimental
to their health as elephants that engage in conflict events spend less time resting and feeding, have increased overall stress, and
long-term conflict can lead to deterioration of herd structure (Srinivasaiah et al., 2012).
The skewed age distribution, specifically the low frequency of adults, may also be a consequence of the region’s high levels of
poaching. While elephant poaching is typically associated with the ivory carried by males, more recent poaching patterns observed in
Myanmar seem to target males and females indiscriminately for the trade in meat and skin (Sampson et al., 2018) as the majority of
males no longer possess tusks due to previous poaching pressure (Kurt et al., 1995; Elephant Family, 2019). This is supported by the
discovery of carcasses from 20 elephants of both sexes found in a single site in the Ayeyarwady delta region (Sampson et al., 2018).
Based on the small number of adults, particularly females, poachers could be targeting adults disproportionately over younger in
dividuals for their greater amount of skin and meat. Targeting female herds would also provide the opportunity to poach juveniles for
the lucrative live animal trade (Sampson et al., 2018; Elephant Family, 2019). The loss of females would be particularly detrimental to
conservation due to their long gestation period, long inter-calving period, long-time to sexual maturity, and low reproductive rate (De
Silva and Leimgruber, 2019). It should be noted however, that since our sampling efforts were concentrated around conflict events,
additional adult females may have been present but undetected, although this would mean that the overall density was even higher in
the region. Regardless, the high population density in this area could increase poaching of large elephants that would otherwise be
protected in the inaccessibility of the forest reserves.
The value of protecting this population of elephants from threats such as poaching is also evident in its high levels of genetic
diversity, valuable for the species conservation. We found high levels of genetic diversity (HE = 0.676) comparable to other significant
populations in southeast Asia such as Cambodia (Pollard et al., 2008), Thailand (Thitaram et al., 2010), Laos (Ahlering et al., 2011b)
and higher than populations found in China (Zhang et al., 2015), Sumatra (Moßbrucker et al., 2015), Borneo (Goossens et al., 2016),
and India (Vidya et al., 2005). Despite having the high level of nuclear diversity, mtDNA diversity was relatively low (h = 0.537;
π = 0.004). We found lower haplotype diversity than previous studies in Myanmar’s captive populations (Kusza et al., 2018), Laos
(Ahlering et al., 2011b), Thailand (Fickel et al., 2007) and Sri Lanka (Vidya et al., 2009). In studies of African elephants, high nuclear
diversity in combination with low mtDNA diversity was associated with a male gene flow bias (Nyakaana and Arctander, 1999),
indicating an unequal contribution of diversity by the sexes. The males of this population also had loci out of Hardy-Weinberg
equilibrium whereas the females did not. This phenomenon can occur upon the mixing of individuals from separate populations
and as the dispersing sex, this can signify outside males joining this population, driving the high levels of diversity found here.
Captive elephants in Myanmar are often believed to have high levels of genetic exchange with calves born to captive cows believed
to be sired by wild bulls (Kusza et al., 2018). However, this phenomenon could be happening less than previously believed, as we found
significant genetic differentiation between captive and wild individuals using nuclear and mtDNA methods with low levels of
generational migrants detected. We found the captive population was more similar to wild males than wild females when visualizing
structure results, lending support to possible low levels of unisexual genetic exchange, but overall separation was evident. While this
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genetic difference is likely not large enough to result in outbreeding depression as is feared in reintroduction efforts in more diverged
populations (Goossens et al., 2016), conservation efforts should not rely solely on the captive population for the preservation of
elephant diversity in Myanmar. Despite being the largest captive population of Asian elephants in the world, it is unlikely to preserve
the same diversity found in the wild populations and may not adequately maintain the valuable Myanmar genetic landscape for
long-term conservation of the species.
5. Conclusions
Overall, the Bago Yoma is characterized as a high HEC area (Leimgruber et al., 2011), with encroaching towns and villages engaged
in conflict with elephant behaviors such as crop-raiding. A high elephant population density with only a small proportion of mature
adults, may be compounding the likelihood of conflict in this area and further leading to high-risk behaviors such as crop-raiding with
juveniles. Understanding the population structure can help wildlife managers develop more effective and efficient conflict mitigation
strategies. Methods to control crop-raiders may target more difficult males, but less dangerous methods may suffice to deter female
herds, particularly those with juveniles, as they are more likely to perceive risk over reward (Sukumar, 1991; Ekanayaka et al., 2011;
Srinivasaiah et al., 2012). Further studies should therefore also consider demographic and population structure of conflict elephants
that may influence the mitigation strategy’s success. Despite the high levels of conflict found with this population, the southern
foothills region of the Bago Yoma also harbors high levels of genetic diversity valuable for the species conservation that may not be
represented in Myanmar’s captive populations. Threats such as continued poaching and HEC place valuable elephant populations,
such as in the Bago Yoma, at further risk, despite their notable value for the preservation of this iconic endangered species.
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