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A B S T R A C T   

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 
and 250,000 MCMC replicates. We determined the number of genetic clusters based on the probability of K (ln {Pr(X––K}). We 
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 
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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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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. 

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 FEMALES MALES 

Locus HO HE HWE HO HE HWE AR AP HO HE HWE AR AP 

EMU01 0.543 0.677  0.478 0.669  3.969 0.098 0.573 0.683  3.899 0.028 
EMU02 0.701 0.607 * 0.674 0.637  3.000 0.000 0.720 0.588 * 3.000 0.000 
EMU09 0.333 0.592 * 0.378 0.543  4.484 0.108 0.315 0.620 * 4.815 0.439 
EMU10 0.584 0.609  0.689 0.627  5.488 0.174 0.531 0.601  5.758 0.443 
EMU12 0.410 0.590 * 0.525 0.582  4.906 0.350 0.359 0.594 * 4.640 0.084 
EMU13 0.648 0.752  0.578 0.766  4.987 0.191 0.679 0.741  4.806 0.011 
EMU14 0.642 0.789  0.605 0.777  5.000 0.000 0.654 0.792  5.000 0.000 
EMU17 0.724 0.789  0.825 0.792  5.966 0.126 0.662 0.783  5.870 0.030 
MEAN 0.573 0.676  0.594 0.674  4.725 0.131 0.562 0.675  4.724 0.129 
SE 0.049 0.031  0.050 0.033  0.325 0.040 0.054 0.031  0.331 0.069 
h 0.537 + /- 0.024 0.634 + /- 0.069 0.544 + /- 0.036 
π 0.004 + /- 0.002 0.004 + /- 0.003 0.003 + /- 0.002  

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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Bates, D., Mächler, M., Bolker, B., Walker, S., 2015. Fitting linear mixed-effects models using lme4. J. Stat. Softw. 67 (1), 1–48. 
Benson, D.A., Karsch-Mizrachi, I., Lipman, D.J., Ostell, J., Wheeler, D.L., 2007. GenBank. Nucleic Acids Res. 35, D21–D25. 
Bhagwat, T., Hess, A., Horning, N., Khaing, T., Thein, Z.M., Aung, K.M., Aung, K.H., Phyo, P., Ye, Y.L., Oo, A.H., Neil, A., Thu, W.M., Songer, M., LaJeunesse 

Connette, K., Bernd, A., Huang, Q., Connette, G., Leimgruber, P., 2017. Losing a jewel - rapid declines in Myanmar’s intact forests from 2002-2014. PLoS One 12 
(5), 0176364. 

Choudhury A. , Lahiri Choudhury DK , Desai A. , Duckworth JW , Easa PS , Johnsingh AJT , Fernando P. , Hedges S. , Gunawardena M. , Kurt F. , Karanth U. , Lister A. , 
Menon V. , Riddle H. , Rübel A. , Wikramanayake E. (IUCN SSC Asian Elephant Specialist Group) 2008. Elephas maximus. The IUCN Red List of Threatened 
Species. 

Crawley, J.A.H., Lahdenpera, M., Seltmann, M.W., Htut, W., Aung, H.H., Kyaw, N., Lummaa, V., 2019. Investigating changes within the handling system of the largest 
semi-captive population of Asian elephants. PLoS One 14 (1), 0209701. 

De Silva, S., Leimgruber, P., 2019. Demographic tipping points as early indicators of vulnerability for slow-breeding megafaunal populations. Front. Ecol. Evol. 7, 171. 
Desai, A.A., Johnsingh, A.J.T., 1995. Social organization and reproductive strategy of the male Asian elephant (Elephas maximus). In: Daniel, J.C., Datye, H. (Eds.), 

A Week with Elephants. Bombay National History Society, Bombay, p. 532. 
Do, C., Waples, R.S., Peel, D., Macbeth, G.M., Tillett, B.J., Ovenden, J.R., 2014. NeEstimator v2: re-implementation of software or the estimation of contemporary 

effect population size (Ne) from genetic data. Mol. Ecol. Resour. 14, 209–214. 
Ekanayaka, S.K.K., Campos-Arceiz, A.C., Rupasinghe, M., Pastorini, J., Fernando, P., 2011. Patterns of crop raiding by asian elephants in a human-dominated 

landscape in southeastern Sri Lanka. Gajah 34, 20–25. 
Elephant Family . 2019. Skin for Sale – the continuing appetite for Asian Elephants: crime, enforcement, policy. Report. London, U.K. 

K. Budd et al.                                                                                                                                                                                                           

http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref1
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref1
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref2
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref2
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref3
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref3
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref4
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref4
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref5
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref5
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref6
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref7
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref8
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref8
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref8
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref9
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref9
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref10
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref11
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref11
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref12
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref12
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref13
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref13


Global Ecology and Conservation 31 (2021) e01828

9

Excoffier, L., Laval, G., Schneider, S., 2005. Arlequin (version 3.0): an integrated software package for population genetics data analysis. Evolut. Bioinforma. 1, 47–50. 
Fenio, KG , 2014. Poaching rhino horn in South Africa and Mozambique: community and expert views from the trenches. US Department of State. 
Fernando, P., Pfrender, M.E., Encalada, S.E., Lande, R., 2000. Mitochondrial DNA variation, phylogeography and population structure of the Asian elephant. Heredity 

84, 362–372. 
Fernando, P., Vidya, T.N.C., Payne, J., Stuewe, M., Davison, G., Alfred, R.J., Andau, P., Bosi, E., Kilbourn, A., Melnick, D.J., 2003. DNA analysis indicates that Asian 

elephants are native to Borneo and are therefore a high priority for conservation. PLoS Biol. 1 (1), 6. 
Fickel, J., Lieckfeldt, D., Ratanakorn, P., Pitra, C., 2007. Distribution of haplotypes and microsatellite alleles among Asian elephants (Elephas maximus) in Thailand. 

Eur. J. Wildl. Res. 53, 298–300. 
Fox, J., Weisberg, S., 2019. An R Companion to Applied Regression, Third ed. Sage, Thousand Oaks CA.  
Goossens, B., Sharma, R., Othman, N., Kun-Rodrigues, C., Sakong, R., Ancrenaz, M., Ambu, L.N., Jue, N.K., O’Neill, R.J., Bruford, M.W., Chikhi, L., 2016. Habitat 

fragmentation and genetic diversity in natural population of the Bornean elephant: implications for conservation. Biol. Conserv. 196, 80–92. 
Hale, R., Swearer, S.E., 2016. Ecological traps: current evidence and future directions. Proc. Biol. Sci. 283 (1824), 20152647. 
Holland, M.M., Parson, W., 2010. GeneMarker HID: a reliable software tool for the analysis of forensic STR data. J. Forensic Sci. 56 (1), 29–35. 
Hothorn, T., Bretz, F., Westfall, P., 2008. Simultaneous inference in general parametric models. Biom. J. 50 (3), 346–363. 
Kalinowski, S.T., 2005. HP-rare 1.0: a computer program for performing rarefaction on measures of allelic richness. Mol. Ecol. Notes 5 (1), 187–189. 
Kalinowski, S.T., Wagner, A.P., Taper, M.L., 2006. ML-RELATE: a computer program for maximum likelihood estimation of relatedness and relationship. Mol. Ecol. 

Notes 6, 576–579. 
Kalinowski, S.T., Taper, M.L., Marshall, T.C., 2007. Revising how the computer program CERVUS accommodates genotyping error increases success in paternity 

assignment. Mol. Ecol. 16, 1099–1106. 
Kansky, R., Kidd, M., Knight, A.T., 2016. A wildlife tolerance model and case study for understanding human wildlife conflicts. Biol. Conserv. 201, 137–145. 
Kearse, M., Moir, R., Wilson, A., Stones-Havas, S., Cheung, M., Sturrock, S., Thierer, T., 2012. Geneious basic: an integrated and extendable desktop software platform 

for the organization and analysis of sequence data. Bioinformatics 28, 1647–1649. 
Kongrit, C., Siripunkaw, C., Brockelman, W.Y., Akkarapatumwong, V., Wright, T.F., Eggert, L.S., 2008. Isolation and characterization of dinucleotide microsatellite 

loci in the Asian elephant (Elephas maximus). Mol. Ecol. Resour. 8, 175–177. 
Kurt, F., Hartl, G.B., Tiedemann, R., 1995. Tuskless bulls in Asian elephant Elephas maximus. History and population genetics of a man-made phenomenon. Acta 

Theriol. 3, 125–143. 
Kusza, S., Suchentrunk, F., Pucher, H., Mar, K.U., Zachos, F.E., 2018. High levels of mitochondrial genetic diversity in Asian elephants (Elephas maximus) from 

Myanmar. Hystrix 29 (1), 152–154. 
Leimgruber, P., Gagnon, J.B., Wemmer, C., Kelly, D.S., Songer, M.A., Selig, E.R., 2003. Fragmentation of Asia’s remaining wildlands: implications for Asian elephant 

conservation. Anim. Conserv. 6, 347–359. 
Leimgruber, P., Senior, B., Uga, U., Aung, Myint, Songer, M.A., Mueller, T., Wemmer, C., Ballou, J.D., 2008. Modeling population viability of captive elephants in 

Myanmar (Burma)— implications for wild populations. Anim. Conserv. 11, 198–205. 
Leimgruber, P., Oo, Z.M., Myint, Aung, Kelly, D.S., Wemmer, C., Senior, B., Songer, M., 2011. Current status of elephants in Myanmar. Gajah 35, 76–86. 
McComb, K., Shannon, G., Durant, S.M., Sayialel, K., Slotow, R., Poole, J., Moss, C., 2011. Leadership in elephants: the adaptive value of age. Proc. R. Soc. Lond., Ser. 

B Biol. Sci. 278, 3270–3276. 
McEvoy, J.F., Connette, G., Huang, Q., Soe, P., Pyone, K.H.H., Valitutto, M., Htun, Y.L., Lin, A.N., Thant, A.L., Htun, W.Y., Paing, K.H., 2019. Two sides of the same 

coin–wildmeat consumption and illegal wildlife trade at the crossroads of Asia. Biol. Conserv. 238, 108197. 
MECAP . 2018. MECAP; Myanmar Elephant Conservation Action Plan, Forest Department, Ministry of Natural Resources and Environmental Conservation, Office No. 

39, Nay Pyi Taw, Myanmar. 
Moßbrucker, A.M., Apriyana, I., Fickel, J., Imron, M.A., Pudyatmoko, S., Sumardi, S., Suryadi, H., 2015. Non-invasive genotyping of Sumatran elephants: implications 

for conservation. Trop. Conserv. Sci. 8 (3), 745–759. 
Neyman, J., Pearson, E.S., 1928. On the use and interpretation of certain test criteria for purposes of statistical inference part 1. Biometrika 20A (1–2), 175–240. 
Nijman, V., Shepherd, C.R., 2014. Emergence of Mong La on the Myanmar–China border as a global hub for the international trade in ivory and elephant parts. Biol. 

Conserv. 179, 17–22. 
Nooren H. , G. Claridge G. . 2001. Wildlife trade in Laos: the end of the game IUCN, Amsterdam. 
Nyakaana, S., Arctander, P., 1999. Population genetic structure of the African elephant in Uganda based on variation at mitochondrial and nuclear loci: evidence for 

male-biased gene flow. Mol. Ecol. 8, 1105–1115. 
O’Connell-Rodwell C. , Parry-Jones R. . 2002. An assessment of China’s management of trade in elephants and elephant products. TRAFFIC International. 
Peakall, R., Smouse, P.E., 2012. GenAlEx 6.5: genetic analysis in excel. Population genetic software for teaching and research–an update. Bioinformatics 28 (19), 

2537–2539. 
Pollard, E., Eggert, L., Chanvibol, C., Hedges, S., 2008. The status and conservation of Asian elephants in the Seima biodiversity conservation area, Cambodia. Rep. 

Wildl. Conserv. Soc. 
Pritchard, J.K., Stephens, M., Donnelly, P., 2000. Inference of population structure using multilocus genotype data. Genetics 155 (2), 945–959. 
R Core Team . 2018. R: a language and environment for statistical computing. R Foundation for Statistical Computing, Vienna. 
Raymond, M., Rousset, F., 1995. GENEPOP (version 1.2): population genetics software for exact tests and ecumenicism. J. Hered. 86, 248–249. 
Rodriguez, S.L., Sampson, C., 2019. Expanding beyond carnivores to improve livestock protection and conservation. PLoS Biol. 17 (8), 3000386. 
Salter, RE . 1983. Summary of Currently Available Information on Internationally Threatened Wildlife Species in Burma. Unpublished report, Nature Conservation 

and National Parks Project Burma. Food and Agriculture Organization of the United Nations, Rangoon. 
Sampson, C., McEvoy, J., Oo, Z.M., Chit, A.M., Chan, A.N., Tonkyn, D., Leimgruber, P., 2018. New elephant crisis in Asia—early warning signs from Myanmar. PLoS 

One 13 (3), 0194113. 
Sampson, C., Leimgruber, P., Rodriguez, S., McEvoy, J., Sotherden, E., Tonkyn, D., 2019. Perception of human–elephant conflict and conservation attitudes of affected 

communities in Myanmar. Trop. Conserv. Sci. 12, 1–17. 
Seltmann, M.W., Helle, S., Htut, W., 2019. Males have more aggressive and less sociable personalities than females in semi-captive Asian elephants. Sci. Rep. 9, 2668. 
Songer, M., Aung, M., Alledorf, T.D., Calabrese, J.M., Leimgruber, P., 2016. Drivers of change in Myanmar’s wild elephant distribution. Trop. Conserv. Sci. 9 (4), 

1–10. 
Srinivasaiah, N.M., Anand, V.D., Vaidyanathan, S., Sinha, A., 2012. Usual populations, unusual individuals: insights into the behavior and management of Asian 

elephants in fragmented landscapes. PloS One 7 (8), 42571. 
Sukumar, R., 1990. Ecology of the Asian elephant in southern India. II. Feeding habits and crop raiding patterns. J. Trop. Ecol. 6 (1), 33–53. 
Sukumar, R., 1991. The management of large mammals in relation to male strategies and conflict with people. Biol. Conserv 55, 93–102. 
Thitaram, C., Somgird, C., Mahasawangkul, S., Angkavanich, T., Roongsri, R., Thongtip, N., Colenbrander, B., Van Steenbeek, F.G., Lenstra, J.A., 2010. Genetic 

assessment of captive elephant (Elephas maximus) populations in Thailand. Conserv. Genet. 11, 325–330. 
Tyson, M., Hedges, S., Sitompul, A.F., 2002. WCS-Indonesia Sumatran Elephant Project: 6-month report January-June, 2002. Rep. Wildl. Conserv. Soc. 
Van Oosterhout, C., Hutchinson, W.F.D., Wills, D.P., Shipley, P., 2004. Micro-checker: software for identifying and correcting genotyping errors in microsatellite data. 

Mol. Ecol. Notes 4, 535–538. 
Varma, S., Ye Htut, U., Uga, U., 2008. Population estimation of the Asian elephants (Elephas maximus) in Bago Yoma, central Myanmar. Int. J. Ecol. Environ. Sci. 34 

(2), 175–179. 
Vidya, T.N.C., Sukumar, R., 2005. Social organization of the Asian elephant (Elephas maximus) in southern India inferred from microsatellite DNA. J. Ethol. 23 (2), 

205–210. 

K. Budd et al.                                                                                                                                                                                                           

http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref14
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref15
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref15
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref16
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref16
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref17
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref17
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref18
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref19
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref19
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref20
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref21
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref22
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref23
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref24
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref24
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref25
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref25
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref26
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref27
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref27
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref28
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref28
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref29
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref29
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref30
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref30
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref31
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref31
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref32
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref32
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref33
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref34
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref34
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref35
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref35
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref36
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref36
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref37
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref38
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref38
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref39
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref39
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref40
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref40
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref41
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref41
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref42
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref43
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref44
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref45
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref45
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref46
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref46
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref47
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref48
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref48
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref49
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref49
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref50
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref51
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref52
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref52
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref53
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref54
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref54
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref55
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref55
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref56
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref56


Global Ecology and Conservation 31 (2021) e01828

10

Vidya, T.N.C., Fernando, P., Melnick, D.J., Sukumar, R., 2005. Population differentiation within and among Asian elephant (Elephas maximus) populations in 
southern India. Heredity 94, 71–80. 

Vidya, T.N.C., Sukumar, R., Melnick, D.J., 2009. Range-wide mtDNA phylogeography yields insights into the origins of Asian elephants. Proc. R. Soc. Lond. B 276, 
893–902. 

Villesen, P., 2007. FaBox: an online toolbox for fasta sequences. Mol. Ecol. Notes 7, 965–968. 
Waits, L.P., Luikart, G., Taberlet, P., 2001. Estimating the probability of identity among genotypes in natural populations: cautions and guidelines. Mol. Ecol. 10 (1), 

249–256. 
Webber, C.E., Sereivathana, T., Maltby, M.P., Lee, P.C., 2011. Elephant crop-raiding and human–elephant conflict in Cambodia: crop selection and seasonal timings of 

raids. Oryx 45 (2), 243–251. 
Williams, A.C., Johnsingh, A.J., Krausman, P.R., 2001. Elephant-human conflicts in Rajaji National Park, northwestern India. Wildl. Soc. Bull. 29 (4), 1097–1104. 
Zhang, L., Dong, L., Lin, L., Feng, L., Yan, F., Wang, L., Guo, X., Luo, A., 2015. Asian elephants in China: estimating population size and evaluating habitat suitability. 

PLoS One 10 (5), 0124834. 

K. Budd et al.                                                                                                                                                                                                           

http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref57
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref57
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref58
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref58
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref59
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref60
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref60
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref61
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref61
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref62
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref63
http://refhub.elsevier.com/S2351-9894(21)00378-4/sbref63

	Population structure and demography of Myanmar’s conflict elephants
	1 Introduction
	2 Methodology
	2.1 Study area
	2.2 Sample collection
	2.3 Genetic identification
	2.4 Population analyses

	3 Results
	3.1 Collection and individual identification
	3.2 Demography
	3.3 Population status
	3.4 Structure and differentiation
	3.5 Conflict elephants

	4 Discussion
	5 Conclusions
	Declaration of Competing Interest
	Acknowedgments
	Funding
	References


