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Abstract The Lao People’s Democratic Republic (PDR)
may have the largest Asian elephant population in
Indochina. However, elephants on Lao PDR’s Nakai Pla-
teau are potentially threatened by the construction of a
hydropower dam that will flood important habitat. We
conducted a non-invasive genetic study of elephants in this
region to provide baseline data on genetic diversity and
social structure prior to dam construction. For the 102
elephants we detected, values of observed heterozygosity
(0.711) and allelic diversity (8.0 alleles/locus) at micro-
satellite loci were higher than those found in elephant
populations in India and Vietnam, while mitochondrial
diversity (haplotype diversity 0.741; nucleotide diversity
0.011) was similar to that reported for the Lao/Vietnam
region. Six mitochondrial haplotypes were detected, rep-
resenting both major clades previously reported in this
species. Relatedness estimates between females and young
detected near each other are consistent with familial rela-
tionships, and relatedness estimates between adult males
and females suggest male locational dispersal. Since family
group structure appears to be intact in the Nakai region,
these elephants will likely move as relatively large family
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groups in response to habitat disturbance. These results
have positive implications for the viability of the elephant
population in this region, demonstrate its conservation
significance, and will be valuable for predicting and
monitoring the effects of the hydropower dam over time.
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Introduction

Asian elephants (Elephas maximus) are struggling to survive
in many parts of their range, and outside of the Indian
subcontinent it is mainly small populations in habitat frag-
ments that persist (Leimgruber et al. 2003; Hedges 2006).
The primary threats to Asian elephants are illegal hunting,
increasing human encroachment into elephant habitat, and
other forms of habitat loss and degradation (Duckworth and
Hedges 1998; Leimgruber et al. 2003; Hedges 2006). The
loss of habitat often leads to human—elephant conflict
(HEC), which erodes support for elephant conservation and
can lead to the retaliatory killing of elephants or the removal
of elephants from the wild. As efforts to maintain Asian
elephants in the wild progress, it is important to understand
where the population strongholds are and to develop a better
understanding of their ecology and their demographic and
genetic parameters. The Lao People’s Democratic Republic
(PDR) is thought to harbor the largest Asian elephant pop-
ulations in Indochina (Duckworth and Hedges 1998).
Within Lao PDR, however, possibly the largest population
of Asian elephants (Duckworth et al. 1999) is experiencing
habitat loss as a result of the construction of the NT2 dam on
the Nam Theun river.

@ Springer



414

Conserv Genet (2011) 12:413-422

The ultimate goal of most conservation strategies is to
protect viable and ecologically functional populations, and
one of the most important factors to consider for long-term
population viability is genetic diversity. Because many of
the remaining populations of Asian elephants are small and
isolated, they are threatened with the loss of genetic
diversity through inbreeding and/or genetic drift. Genetic
diversity can also be influenced by social structure, which
affects how animals interact and breed (Archie et al. 2008).
Although Asian elephants are not believed to form social
groups of maternally related females as large as those
formed by African savanna elephants (Loxodonta africana
africana), smaller groups of related females and their
young have been observed (Fernando and Lande 2000;
Vidya and Sukumar 2005b).

Mating systems also influence genetic diversity. In ele-
phants, as in many mammals, males are the dispersing sex
(Sukumar 1989). Dispersal can be locational, in which
individuals move permanently away from their natal areas
at sexual maturity, or social, in which they remain in their
natal areas but move long distances for mating. Two
studies suggest non-random locational dispersal in Asian
elephants (Vidya and Sukumar 2005a, b). However, with
the exception of a study in Vietnam (Vidya et al. 2007),
most of what is known about the social structure and
mating strategies of Asian elephants comes from larger
populations in the Indian subcontinent. It is unclear whe-
ther the patterns detected there will be found in other parts
of the Asian elephant’s range where most populations are
now smaller and more fragmented.

The overall goals of this project were to provide
baseline data about the size, genetic diversity, and social
structure of the elephant population on the Nakai Plateau,
Lao PDR, and to compare this population with larger
populations on the Indian subcontinent. Here we sought to
document the overall genetic diversity of the elephants on
the Nakai Plateau, to examine the genetic relatedness of
female elephants found in the same place at the same
time, and to determine whether adult males in the popu-
lation exhibit evidence of locational dispersal. Asian
elephants live in forests in most of the areas where they
still occur, which makes it difficult to directly observe
them and to obtain the behavioral data necessary to
understand social structure. Therefore, we used non-
invasively collected samples to address these objectives.
Because this population is threatened with habitat loss
from the construction of a dam on the Nam Theun River,
we also examined the patterns of genetic diversity and
sexual segregation across the landscape. These are
important baseline data that can be used to predict the
consequences of future range reductions for the popula-
tion and that can also be used to assess its conservation
significance.
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Methods
Study area

Our study was conducted in the Nakai-Nam Theun (NNT)
National Protected Area (NPA; 3,532 kmz) and adjoining
protected areas, in the Khammouane and Bolikhamxay
Provinces (Fig. 1). This region represents the Lao PDR’s
largest and most diverse natural and protected forest area,
and it has been suggested that the NNT NPA contains one
of the two largest elephant populations in the country
(Duckworth et al. 1999). In and around the NNT NPA,
elephants occur on the Nakai Plateau (1,250 km?) and
range into the Nakai-Nam Theun-Phou Hin Poun (NNT-
PHP) Corridor (738 km?) that links the NNT NPA with the
Phou Hin Poun NPA.

Field methods

The DNA samples for the study were obtained non-inva-
sively from dung collected during a capture—recapture dung
survey. That project was carried out in two phases: a pilot
phase and a formal survey phase. The pilot phase (16
September 2004 to 3 March 2005) aimed to assess whether
‘fresh’ (<48 h old, moist with odor) and ‘reasonably fresh’
(boli mostly intact and not obviously degraded or damaged
by climate, fungus or insects, believed to be no older than
2 weeks) dung-piles could be found in adequate numbers if
survey teams searched in likely elephant ‘hotspots’ (Hedges
and Lawson 2006). It also aimed to collect preliminary
samples to test preservation methods and select loci that
were informative for this population. The second phase of
fieldwork (21 February 2006 to 1 May 2006) comprised a
formal capture-recapture survey with a design that fol-
lowed Hedges and Lawson (2006). The survey focused on
16 blocks containing one or more ‘hotspots’, which are
places where elephant dung had been found reliably in the
past or places known to be used by elephants including salt
licks, waterholes, and areas of HEC (Fig. 1). An additional
design constraint resulted from the need to have no ‘gaps’ in
the coverage of the site where elephants could move with-
out any chance of the teams collecting their dung (i.e., every
elephant’s home range should contain at least 2-3 sample
collection locations). The blocks varied in size from 2 to
8 km? and were located predominantly along the banks of
the Nam Theun River and in other areas of the plateau
where crop raiding by elephants had been reported (Fig. 1).
Each block was sampled approximately once per month.
Sample sizes depended on the availability and detectability
of fresh dung, but the experience of the field teams was used
to maximize sampling rates.

For each sample, approximately 10 g of fresh (<48 h
old) dung were placed in 40 ml polypropylene tubes,
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Fig. 1 Locations of all sampling blocks across the Nakai-Nam Theun NPA

boiled for 15 min to destroy potential pathogens, and pre-
served in Queens College Buffer (20% DMSO, 100 mM
Tris pH 7.5, 0.25 M EDTA, saturated with NaCl; Amos
et al. 1992). Samples were initially stored in the dark at
room temperature at the field station and then moved to
Vientiane where they were stored at 4°C before being
shipped to the USA under USDA permit number 48529.

Genetic methods

DNA was extracted from dung samples following the
methods outlined in Eggert et al. (2005). To minimize the
possibility of contamination, extractions were performed in
a lab designated exclusively for the extraction of DNA
from non-invasively collected samples. Each group of
extractions was accompanied by controls for all reagents,
which were tested for contamination in the first set of
amplifications of all loci.

All samples were genotyped at ten dinucleotide micro-
satellite loci. Nine of the loci were developed for Asian
elephants (EMUO3, EMU0O4, EMUO7, EMU10, EMU12,
EMU13, EMU14, EMU15, EMU17; Kongrit et al. 2008),
and one locus was redesigned from a locus originally
developed for African elephants (FH94R; Eggert et al.
2008). Samples were amplified in 25 pl reactions

containing 0.5 U AmpliTaq Gold DNA Polymerase
(Applied Biosystems), 1x PCR Gold Buffer (Applied
Biosystems), 0.4 uM fluorescently labeled forward primer,
0.4 uM unlabeled reverse primer, 2 mM MgCl,, 0.2 mM
each dNTP, 1.5 pl 10x BSA, and 3 pl of the DNA extract.
PCR profiles followed Kongrit et al. (2008). PCR products
were visualized in a 2% agarose gel stained with Gel Star
(Lonza) to verify amplification of samples and non-ampli-
fication of negative controls. Fragment analysis was per-
formed in an ABI 3730 DNA Analyzer, and genotypes were
scored using GeneMarker v1.6 (Soft Genetics LLC). To
minimize the probability of genotyping error, we used the
“comparative approach” (Frantz et al. 2003; Hansen et al.
2008), in which matching heterozygotes were scored at
least twice, and matching homozygotes at least three times.
The computer program Microchecker (van Oosterhout et al.
2004) was used to test for evidence of large allele dropout
and null alleles, and to estimate the frequency of nulls at
loci where they were detected.

Genotypes were compared in the Excel Microsatellite
Toolkit (Park 2001), a utility for Microsoft Excel, and all
samples that differed by four or less alleles were identified.
Because DNA extracts from non-invasively collected
samples are dilute and contain degraded DNA, each of
these genotypes were rechecked for possible problems with
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allelic dropout. Those that differed at two or less alleles but
matched in sex and had very similar bolus circumferences
were considered to be the same individual. This conser-
vative approach was taken to avoid scoring samples as
individuals when they are actually erroneous genotypes.
Scoring erroneous genotypes as captures in the capture—
recapture analysis could positively bias the estimate of
population size (Creel et al. 2003).

Molecular sexing was used to detect the sexes of indi-
viduals. PCR reactions were performed using the methods
and primers of Munshi-South et al. 2008, which amplify a
141 bp fragment of the X- and Y-linked zinc finger protein
(ZFX/ZFY) genes. 7 pL of the amplification products were
digested with BamHI (New England Biolabs) for 2 h, after
which products were visualized in a 3% agarose gel stained
with Gel Star (Lonza). Because the restriction site is on the
Y-chromosome, single bands were scored as females and
three bands were scored as males. Sexes were confirmed by
repeating the process once for each sample.

Once individuals had been determined based on their
unique microsatellite genotypes, a 600 bp fragment of the
left domain of the mitochondrial control region was
amplified for all but four of them (which had insufficient
sample remaining) using the primers MDL3 and MDLS5
(Fernando and Lande 2000) and the conditions outlined in
Eggert et al. (2002). PCR products were sequenced in both
directions using Big Dye Terminator cycle sequencing
chemistry in an ABI 3730 DNA Analyzer (Applied Bio-
systems). Sequence alignment and editing was completed
in SEQUENCHER v4.5 (Gene Codes Corporation), and
sequences that differed by at least one nucleotide were
designated as different haplotypes.

Data analysis

For microsatellite data, GENEPOP (Raymond and Rousset
1995) was used to test for deviations from the expected
genotype frequencies under Hardy—Weinberg equilibrium
(HWE) and linkage disequilibrium, as well as to calculate
the allelic diversity and observed and expected heterozy-
gosities for each locus. We tested the population for a
signature of a recent bottleneck using a test for heterozy-
gosity excess (Cornuet and Luikart 1996) as well as a test
for an allele distribution mode shift (Luikart et al. 1998)
using the program Bottleneck v1.2.02 (Cornuet and Luikart
1996). Relatedness between individuals was estimated
using Kinship v1.3.1 (Goodnight and Queller 1999).
MtDNA haplotype and nucleotide diversity was calcu-
lated using Arlequin v2.0 (Schneider et al. 2000). Pub-
lished Asian elephant haplotypes for this region of mtDNA
were downloaded from GenBank (accession #s AF368
903, AF317518-317535, AF324827-324828, AY245823,
AY365432-365433, AY589512-589516) and aligned with
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the Nakai haplotypes in SEQUENCHER to create a
NEXUS file. This file was analyzed in TCS (Clement et al.
2000) to create a haplotype network.

The GPS coordinates recorded for each dung pile along
with the date collected were imported into ArcMap 9.2
(Environmental Systems Research Institute Inc.) to identify
the individuals detected within the same sampling block at
approximately the same time. All dung-piles sampled were
estimated to be no older than 48 h, and sampling blocks
were generally sampled in 1 or 2 days. We assumed that the
presence of females in the same sampling block at approx-
imately the same time indicated a possible association
between them, and calculated the average pairwise relat-
edness between these individuals. All females and juvenile
males (assumed to be dependent on their mother) were
included in the initial analysis. The age class of an indi-
vidual was assigned using the criteria of Tyson et al. (2002):
briefly, a mean dung bolus circumference of <30 cm was
considered a neonate or juvenile, 30—42 cm was considered
a subadult, and >42 c¢cm was considered an adult.

The same procedure was used to examine the relatedness
between subadult and adult males detected in the same
sampling block at approximately the same time. The analysis
was then broken down to examine females and juvenile
males that shared the same haplotype. Only males with a
known bolus circumference (and therefore an estimated age
class) were included in the analysis. Average pairwise
relatedness was calculated for all individuals in the groups of
interest. We report the average pairwise relatedness, the
standard error, and 95% confidence intervals for all
calculations.

Results

Evidence of recent elephant activity and fresh dung sam-
ples were found and collected in only five of the 16 sam-
pling blocks (Fig. 2). From blocks 5, 8, 9, 10, and 12, a
total of 267 samples were collected. Of these, 215 (80.5%)
were successfully genotyped and a total of 102 individuals
[out of an estimated population of 132 (95% CI 120-149)
individuals, Hedges et al. unpublished] were identified by
their unique genotypes. Using molecular sexing, 73
females and 29 males were detected (Table 1). The age
structure of the population included 40 adults, 31 subad-
ults, 21 juveniles, and 10 elephants whose age could not be
estimated due to the lack of bolus circumference
measurements.

Genetic diversity

The level of genetic diversity, as indicated by microsatel-
lite genotypes, was high in this population. The average
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Fig. 2 Distribution of mitochondrial DNA haplotypes across the five sampling blocks where samples were located and collected

Table 1 Age class distribution by sex

Sex Adult Subadult Juvenile Unknown
Female 29 20 17

Male 11 11 4

Total 40 31 21 10

number of alleles over ten loci was 8.1 (range: 5-15), and
the average observed heterozygosity was 0.748 (Table 2).
After applying a Bonferroni correction for multiple tests,
three of the ten loci (EMU10, EMU13, EMU17) did not
conform to Hardy—Weinberg expectations, with lower than
expected heterozygosities (Table 2). Analysis in Micro-
checker did not detect any evidence of large allele dropout,
and estimates of null allele frequencies ranged from 0.097
to 0.134 (Table 2). Excluding these three loci, the average
number of alleles was 8.0 and average heterozygosity was
0.711. Five of 45 pairs of loci exhibited linkage disequi-
librium (EMU04-EMUO7, EMUI10-EMUI12, EMUO7-
EMU15, EMU10-EMUO3, EMU15-FH94R). While it is
possible that the five pairs of loci are actually linked, we
believe it is more likely that these problems are the result
of the inclusion of a relatively high percentage of closely
related individuals in our analyzes. Further support for this

can be found in the fact that linkage between these loci was
not seen in a study of elephants from Cambodia (Pollard
et al. 2008).

Our analyzes did not reveal any signs of a recent bot-
tleneck event. The allele frequency distribution showed a
normal L-shaped distribution with no evidence of a loss of
rare alleles. Additionally, the Wilcoxon test showed no
evidence of heterozygosity excess under either the Two
Phase Mutation Model (P = 0.348) or the Stepwise
Mutation Model (P = 0.862).

Mitochondrial diversity was also high in this population.
Six haplotypes were detected (Table 3), two of which were
found in only one individual (one subadult male and one
adult female; Table 4). Haplotype diversity was high at
0.741 £ 0.020, and nucleotide diversity was 0.011 £
0.006. All six haplotypes differed from those of the same
length reported previously for wild populations (Fernando
et al. 2000; Vidya et al. 2005a, b). However, similarities
were found between the shorter GenBank sequences
(411 bp) from Thailand and either the Lao sequences or
other published sequences: Thailand 2 matched Lao hap-
lotype A, Thailand 3 matched Lao B, Thailand 13 matched
Lao D, Thailand 6 matched Lao E, Thailand 7 matched
Thailand 16, Thailand 5 differed from Thailand 19 at only
two ambiguous bases, and Thailand 21 matched India BB.

@ Springer



418

Conserv Genet (2011) 12:413-422

Table 2 Number of alleles, expected heterozygosity (H,), observed
heterozygosity (H,) and estimated frequencies of null alleles for 10
microsatellite loci used to genotype the Nakai elephants

Locus Number

Alleles H. H, Frequun
EMUO03 6 0.630 0.638 -
EMU04 7 0.751 0.667 -
EMUO07 15 0.888 0.828 -
EMU10* 9 0.639 0.456 0.134
EMUI12 8 0.678 0.656 -
EMU13? 8 0.777 0.619 0.097
EMU14 7 0.802 0.794 -
EMUI15 8 0.762 0.693 -
EMU17* 8 0.810 0.634 0.097
FH94R 5 0.742 0.702 -
Average (all) 8.1 0.748 0.669
Std.Dev. (all) 2.7 0.080 0.102
Average (in HWE) 8.0 0.750 0.711
Std.Dev.(in HWE) 33 0.083 0.072

% Locus does not conform to expectations under HWE. Average
values and standard deviations are reported for all loci as well as for
the seven that conform to expectations under HWE

Thus, the 29 published haplotypes and six Lao haplotypes
were reduced to a total of 28 unique Asian elephant hap-
lotypes. Previous phylogeographic studies of Asian ele-
phants using mitochondrial DNA have revealed two major
clades that diverged approximately 1.6-2.1 mya (Fernando
et al. 2000; Fleischer et al. 2001; Vidya et al. 2005a, b,
2009). Lao haplotypes A, B, C, and D were most similar to
haplotypes in the alpha clade, and haplotypes E and F were
most similar to those in the beta clade (Fig. 3), as defined
by Fernando et al. (2000) and exemplified in Vidya et al.
(2005a, b, 2009).

Genetic diversity across the landscape

The spatial distribution of haplotypes revealed the highest
diversity in blocks 9 and 10 and the lowest diversity in
block 12 (Fig. 2). Four of the mitochondrial haplotypes (A,
B, D, E) were found in blocks 5, 8, 9, and 10, and three of
those four (all but haplotype E) were found in Block 12.
The two unique haplotypes were only detected in blocks 9
and 10.

Individuals were concentrated in the center of the study
area in sampling blocks 8, 9, and 10 (Table 5). This region
encompassed all the haplotype diversity we detected in the
study area, only 14 individuals were not detected in one of
these central blocks. We did not detect spatial segregation
of males and females; however, only one adult male was
detected in block 10.

Genetic relationships

Females and juveniles detected near each other within a
48 h period had an average r-value that was significantly
greater than zero (Table 6). Males detected near each
other within a 48 h period had a negative average r-value
that was not significantly different from zero. When
relatedness values were examined for females and young
of the same mitochondrial haplotype detected near each
other within a 48 h period, the average relatedness values
within all four haplotypes increased and were significantly
greater than zero for the A, B, and E haplotypes
(Table 6).

Across all individuals detected in the population,
females (adults and subadults) and young have a signifi-
cantly positive relatedness value (r = 0.012 £ 0.004,
n = 77) while all adult and subadult males have a sig-
nificantly negative relatedness value (r = -0.028 £ 0.013,
n = 22). Furthermore, the older adult males (those with

Table 3 Variable nucleotide positions in 622 bp of mitochondrial DNA sequence for Nakai elephants (GenBank accession #HQ113847—

HQ113852)

Nucleotide position

Haplotype 1 11 72 141 154 217 248 339 386 393 405

416 417 425 433 439 443 455 462 503 508 530 539

Al cT C G A A C C C T C
Lao A - - - = - - - T T - -
Lao B - - - = - - - - T - -
Lao C - - - = - - - T T - -
Lao D - - - = - - - - T - -
Lao E T C T A G G T T - cC T
Lao F ?? - A G G T T - cC T

T G T ¢ ¢ T G T A A C T
- - ¢ T - - - - - G G -
- - ¢ T - - - - - G G -
- - ¢ T - - - C - G G -
- - ¢ T - - - - - - G -
c T - - T C A - G - - C
c T - - - C A - G - - C

Haplotypes A-F are shown in comparison with nucleotide positions described for haplotype Al from Vidya et al. (2009). Bolded positions are

variable sites not described in that study
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Table 4 Mitochondrial DNA haplotype distribution by sex

Table S Number of individuals detected in each sampling block

Sex Haplotype

A B C D E F
Female 27 14 1 18 13 0
Male 11 7 0 4 3
Total 38 21 1 22 16 1

circumferences greater than 47 cm.) have a larger num-
ber of higher-order relationships (r > 0.25) with other
adult or subadult males (n = 13) in the population than
with adult females (n = 8), while the younger adults
(those with circumferences less than 47 cm) have a lar-
ger number of higher-order relationships with adult
females (n = 33) than with subadult or adult males
(n = 12).

9*—3

"

India BF

Block Block Block Block  Block
5 8 9 10 12
Individuals detected 17 24 65 25 10
Unique individuals 10 8 40 12
Adult and subadult 7 6 7 1 3
males
Discussion

Genetic diversity is relatively high at all levels in this
population. The mitochondrial haplotype diversity reported
here (0.741 & 0.020) is similar to that reported for Lao
PDR and Vietnam previously (0.698 and 0.833, respec-
tively; Fernando et al. 2000). However, previous studies
have reported at most five haplotypes in the Laos/Vietnam

Fig. 3 Mitochondrial haplotype network for Asian elephant haplotypes from Lao PDR (shaded) and the 22 other unique published haplotypes
(India, Myanmar, Thailand, Vietnam). The alpha and beta clade designations follow Vidya et al. (2009)
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Table 6 Average pairwise relatedness of individuals detected within the same sampling block within 48 h of each other

Average N Standard error Upper C.L. Lower C.L.
All females and young (<30 cm) 0.061 11 0.025 0.111 0.011
All adult and subadult males —0.060 8 0.046 0.031 —0.151
Females-A haplotype 0.126 8 0.056 0.238 0.014
Females-B haplotype 0.165 5 0.050 0.266 0.065
Females-D haplotype 0.072 7 0.071 0.214 —0.071
Females-E haplotype 0.200 5 0.061 0.322 0.079

region (Fernando et al. 2000; Vidya et al. 2007), while we
detected six. Four of our Lao haplotypes matched shorter
sequences from Thailand, which is not surprising given the
geographic proximity of the two countries. Both major
clades of mtDNA haplotypes were detected, and the four
haplotypes of the alpha clade were found in over four times
as many individuals (n = 82) as the two haplotypes of the
beta clade (n = 17).

For microsatellite loci, the average number of alleles
over ten loci (8.1) is higher than has been reported for India
(3.4 over 6 loci; Vidya and Sukumar 2005b). However, the
loci used in our study differ from those used by Vidya et al.
(2005b) and may be more polymorphic overall. The aver-
age observed heterozygosity is higher than that reported for
a small population in Vietnam (0.358; Vidya et al. 2007)
and a much larger population in southern India (0.417;
Vidya and Sukumar 2005b). It is not surprising that this
population has higher genetic diversity than the population
in Vietnam, which, unlike the Nakai elephants, appears to
have gone through a bottleneck in the recent past (Vidya
et al. 2007). The surprising finding is that the haplotype
diversity is as high and the nuclear diversity is even higher
than that of a much larger population in southern India.

There are several possible explanations for this high
level of diversity. The Nakai Plateau’s elephants may be
part of a larger regional metapopulation, and this region
may be important for population connectivity. The occur-
rence of an adult female with a haplotype that does not
match any other haplotype in the population supports this
hypothesis. Alternatively, the area could harbor the rem-
nants of populations that have moved into the region after
losing habitat elsewhere. Further work will begin soon to
distinguish between these hypotheses.

Recent work by Vidya et al. (2009) suggests that trade in
Asian elephants may not have significantly altered the
mtDNA population structure of the species. If this is found
to be true for nuclear DNA population structure, it may be
possible to construct a map of microsatellite allele fre-
quencies for Asian elephants that can be used to infer the
origin of seized ivory. This approach has been very suc-
cessful in African elephants (Wasser et al. 2004), and
recently allowed Wasser et al. (2007) to track the origin of
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a large shipment of ivory that was confiscated in Malawi to
its probable origin in Zambia. The high level of polymor-
phism we found in this study, as well as in a second genetic
survey in Cambodia (Pollard et al. 2008), suggests that the
loci characterized by Kongrit et al. (2008), in combination
with other loci described for this species, may be useful in
constructing an Asian elephant microsatellite map. A tool
such as this would be very useful to law enforcement
efforts, as it would allow officials to focus their efforts on
regions in which illegal killing is occurring (Wasser et al.
2007).

The relatively high relatedness values within sampling
blocks suggest that female groups at this site represent
traditional family groups. Females detected in the same
sampling blocks at the same time had an average relat-
edness value significantly above zero (r = 0.061), and
when broken down by haplotype, the relatedness values
increased substantially (range 0.072-0.200) to values
similar to those reported between adult females in savanna
elephants (r = 0.1126; Archie et al. 2008). The relatedness
values in this population are not quite as high as those
reported within family groups (r = 0.365; Vidya and
Sukumar 2005b) for a population in southern India, but
they are well above those reported across family groups
(r = 0.041). In addition, our estimates are likely biased
low because we had no way to distinguish whether all the
females detected together represented one family group or
to detect individuals if they did not leave a dung pile.
Therefore, more than one family group may be combined
at some locations and some individuals may be missing
from the group analyzes. However, despite the limitations
of non-invasively collected dung samples, our relatedness
values suggest familial relationships between females
detected together.

For males, our results lend support to the locational
dispersal model previously suggested by Vidya and
Sukumar (2005a). The largest males in the population have
a larger number of higher-order relationships (r > 0.25)
with other adult males than with adult females. However,
higher-order relationships with females do exist, especially
for the subadult males who may not have yet dispersed. If
this is an area where populations mix, they may not have as
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great a need to disperse to mate with non-relatives. The
average pairwise relatedness between all adult and subadult
males in the population is significantly negative, suggesting
that males may move into the area from more than one
location. Finally, one subadult male detected in the popu-
lation has a unique haplotype that is not shared by any
females in the population, which could also be indicative of
locational dispersal.

Our results confirm that the elephants of the Nakai
Plateau represent a genetically diverse population. They
suggest that the Nakai Plateau’s elephants may be part of a
larger metapopulation, which has positive implications for
population viability and supports the regional and inter-
national conservation significance of this population. The
Nakai elephants appear to have social structure that is
similar to that reported previously for larger Asian elephant
populations (Vidya and Sukumar 2005b), which may mean
that they will move as family groups as habitat is lost. The
area along the Nam Theun River where it flows from the
Nakai-Nam Theun NPA is an important area for the ele-
phants because it has the highest genetic diversity and
captures 86% of the population and all of its haplotype
diversity. As development of the dam along the Nam
Theun river and the relocation of people out of the inun-
dated area continues, these data will be important in pre-
dicting and monitoring the effects of the project on an
important Asian elephant population.
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