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Abstract
A preliminary examination of genetic diversity in the Indian false vampire bat Megaderma lyra.— Habitat
loss and fragmentation have serious consequences for species extinction as well as genetic diversity
within a species. Random Amplified Polymorphic DNA (RAPD) analysis was employed to assess the
genetic diversity within and between four natural populations of M. lyra. Our results suggest that the
genetic diversity varied from 0.21 to 0.26 with a mean of 0.11 to 0.13 (± SD). The mean Gst value of 0.15
was obtained from all four populations and estimated average Nm (1.41) showing gene flow between the
populations. AMOVA analysis showed 88.96% within and 11.04% among the studied populations. Cluster
analyses of RAPD phenotypes showed that specimens were not grouped by geographical origin. The
genetic diversity found in the M. lyra population may be explained by its breeding behaviors. Though
preliminary, the results indicate that all four populations should be considered to maintain the genetic
diversity.
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Resumen
Examen preliminar de la diversidad genética del falso vampiro mayor Megaderma lyra.— La fragmentación
y la pérdida del hábitat tienen graves consecuencias para la extinción de las especies y su diversidad
genética. Se empleó el análisis del DNA polimórfico amplificado aleatorio (RADP) para evaluar la
diversidad genética dentro de cada población y entre poblaciones naturales de M. lyra. Nuestros
resultados sugieren que la diversidad genética varía de 0,21 a 0,26, con una media de 0,11 a 0,13 (± DE).
El valor Gst medio de 0,15 se obtuvo de las cuatro poblaciones y el promedio estimado Nm (1,41)
indicador del flujo genético entre las poblaciones. El análisis AMOVA dio como resultados un 88,96%
dentro de las poblaciones, y un 11,04% entre las poblaciones estudiadas. Los análisis de grupos de los
fenotipos RAPD pusieron de manifiesto que los especímenes no estaban agrupados según su origen
geográfico. La diversidad genética hallada en la población de M. lyra puede explicarse por sus conductas
reproductoras. Aunque preliminares, los resultados indican que debería considerarse que las cuatro
poblaciones mantienen su diversidad genética.
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Introduction

Molecular genetic techniques nowadays are valu-
able tools in the studies on fields of population,
behavioural and evolutionary biology where the
use of traditional methods such as direct observa-
tion of individuals or a population is greatly re-
stricted (Burland & Wilmer, 2001). Most of the
temperate bats move between roosts over the
course of a year and the sexes often use different
roosts. In many species, females raise their off-
spring in maternal colonies and occasionally share
their roost with males (Burland et al., 2001). In
this context, the application of molecular genetic
techniques extracts valuable biological and behav-
ioural information to document population dynam-
ics of the species.

Studies on different bat species using the mo-
lecular genetic approach have shown genetic di-
versity among distant populations (Mahardtunkamsi
et al., 2000; Rossiter et al., 2000; Emmanuvel
Rajan & Marimuthu, 2000), paternity (Petri et al.,
1997), extra harem paternity (Heckel & Helversen,
2003), sex–biased dispersal (Dallimer et al., 2002)
and suckling behaviour (Watt & Fenton, 1995).

The Indian false vampire bat Megaderma lyra
lives in small colonies (30–50 bats) comprising
both males and females. It roosts in temples,
old buildings, caves and artificial underground
tunnels (Brosset, 1962). It belongs to a hetero-
geneous group of echolocating bats called glean-
ers. Gleaning bats prefer to capture prey from
ground and water surfaces. They consume large
arthropods and small vertebrates such as frogs,
geckoes, lizards, fish, mice, birds and even
smaller bat species (Advani, 1981). The roost-
ing ecology of M. lyra provides a unique oppor-
tunity to analyse the genetic structure of the
natural population.

Like many tropical bats, individuals of M. lyra
use their roost constantly for several years and
exhibit no seasonal migration or hibernation. A
recent study on M. lyra suggests that its repro-
ductive success as well as the population size
gradually decreased from 1995 to 2003 (Sripathi
et al., 2004).

It is important to understand the genetic struc-
ture of declining population of M. lyra to identify
priorities for its conservation. We chose Ran-
domly Amplified Polymorphic DNA (RAPD) mark-
ers to estimate the genetic diversity, because (a)
it reveals even minimal genetic differences by
means of assessing polymorphism from large
part of nuclear genome (Borowsky, 2000) and (b)
RAPD–PCR is effectively employed to detect ge-
netic variation in species listed as endangered,
with scarce genetic variability or population sizes
as a limiting factor (Haig et al., 1996; Kimberling
et al., 1996; Kim et al., 1998; Vandwoestijne &
Baguette, 2004). So far, very little is known about
the mating behaviour and population dynamics
and this is the first report of the genetic diversity
in the Indian false vampire bat M. lyra.

Material and methods

Bats were captured by mist net from four different
populations (I to IV) of M. lyra at four different
locations, Population I (n = 9) from Pannian cave
15 km away from Madurai Kamaraj University cam-
pus, Madurai (9º 58' N, 78º 10' E); Population II
(n = 11), 180 km away from population I towards
the south, near Tirunelveli (8º 44' N, 77º 42' E); Popu-
lation III (n = 15) 20 km away from population II
towards the southeast; Population IV (n = 15) 60 km
away from population II towards the southwest
(fig. 1). We collected 0.25 ml of blood samples
from each individual. Samples were stored
(Emmanuvel Rajan & Marimuthu, 2000) until the
genomic DNA was isolated. Along with blood sam-
pling, the sex, reproductive status and body mass
of each individual were recorded.

Total genomic DNA was extracted from the
blood by Sambrook et al’s method (1989). The
concentration of DNA samples was quantified
spectrophotometrically and diluted to 10 ng/µl for
further experimental use. The PCR reaction was
carried out using a modified protocol of Williams
et al. (1990). Each RAPD reaction (20 ml) con-
tained 10 x buffer; 2.5 mM each of dNTP; 5 pM
primers, 10 ng of template DNA and 0.5 unit of
Taq DNA polymerase (Pharmacia, Uppsala, Swe-
den). Amplification was done using a Perkin Elmer
Gene Amp PCR system 2400. The samples were
subjected to the following PCR profiles: 5 minutes
denaturation at 94°C followed by 40 cycles of 90
sec denaturation at 94°C, 90 sec annealing at
32°C, 2 min extension at 72°C and an additional
one cycle for 7 min at 72°C as the final extension.
Negative reactions with no DNA template were
used to check for contamination.

The following primers were chosen based on
their reproducibility, banding pattern and poly-
morphism OPA3–5’AGTCGCCACT3’,OPA4–
5’AATCGGGCTG3’, OPA10–5’GTGATCGCAG3’,
OPB1–5’GTTTCGCTG3’, OPB3–5’CATCCCCCTG
3’and OPB5–5’TGCGCCCTTC3’ (Bangalore Genei
Pvt. Ltd., India). The consistency of the RAPD
reaction was examined through a series of
repeatability test for each individual from all four
populations tested within and between PCR runs.
Finally, successfully repeatable samples only were
included for subsequent genetic analysis and con-
sidered as a sample size for each population.

For analysis, the amplified products were elec-
trophoresed in 6.0% polyacrylamide gel, at 100 V
for 12 h in 1 x TAE buffer. Gels were silverstained
(Sanguinetti et al., 1994) and photographed for
subsequent analysis. Based on the known marker
size (mixture of 1018 bp fragment and its multimer
with pBR322 fragment), different polymorphic band
sizes were calculated using Kodak Digital Sci-
ence (ver 2.01, Kodak Scientific Imaging System,
Eastman Kodak Company). Amplified polymor-
phic bands were scoredas dicerte, binary data
was created for each individual’s presence (1) /
absence (0) and analyzed as allelic variants hav-
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ing a dominant inheritance. One individual variable
was chosen as the minimum criterion for band
polymorphism (Haig et al., 1994).

A data matrix of the individual X marker contain-
ing the band scoring information was transformed
to allele frequencies under the assumption that
each amplified band corresponds to a different
RAPD locus. This data set was used to calculate
Nei’s genetic diversity (h) (Nei, 1973) and Shan-
non’s Index (S) (Allnutt et al., 1999). The gene flow
between the populations was estimated from the
Gst for each locus:

Nm = 0.25 (1 – Gst) / Gst

(Slatkin & Barton, 1989). In addition, gene frequen-
cies across the population were tested by the ho-
mogeneity test (G–square statistics) using Popgene
version 1.31. AMOVA–PREP version 1.01 (Miller,
1998) was used to construct a data matrix for
AMOVA version 1.55 (Excoffier et al., 1992), which
is used to examine genetic difference among
populations. An analysis of molecular variation
(AMOVA) was performed on total molecular varia-
tion divided into two separate components (i) inter–
individual difference within each population and (ii)
inter–population difference by means of the Best
Cut Test on 1000 permutation. An Unweighted Pair
Group Method with Arithmetic Average (UPGMA)
dendrogram was constructed using genetic dis-
tance based on Sneath & Sokal (1973).

Results

A total of 14 markers generated from the primer
were used in this study. RAPD band frequencies
varied within and among all estimated populations,
and the PCR fragment sizes ranged from 154 bp
to 1636 bp (fig. 2). In no case did any two individu-
als share all the scored bands, and therefore no
individuals of 100% similarity were found. The
lowest genetic diversity estimated by Nei’s genetic
diversity index and Shannon’s index was observed
in population IV (h = 0.21 ± 0.11; S = 0.22 ± 0.14),
while the highest value was observed in popula-
tion I (h = 0.26 ± 0.13; S = 0.28 ± 0.16). Pairwise
Gst value was calculated against each of them,
and showed that population IV contributed less
than other populations (excluding population IV
the Gst value 0.11) and population I contributed
more than other populations (excluding population
I the Gst value 0.27). The mean Gst value of 0.15
was obtained. This resulted in an average esti-
mate Nm of 1.41 indicating a large amount of
gene flow between populations. Gene frequencies
among different populations from different geo-
graphical regions were compared using the G2

test. All population pairs were significantly hetero-
geneous (G2  = 10.85, df = 3, P < 0.001). The pair
wise value derived from AMOVA indicated a large
number of signif icant differences between
populations (P < 0.05) when population IV was
excluded from the analysis. The result showed a

genetic variation at 0.05% significant level of
88.96 % within populations and 11.04 % between
populations  (table 1).

When genetic distances between the populations
were used to construct a cluster diagram in order to
examine the relationship between the populations,
no consistent geographical structure of the RAPD
variation in M. lyra was compatible with restricted
gene flow and long–term isolation (fig. 3).

Discussion

A recent study on population I of M. lyra at Madurai
(South India) indicates that the size of the popula-
tion is dwindling (Sripathi et al., 2004). A decrease
in population size is usually due to (a) habitat
destruction (b) human poaching or (c) loss of
genetic variation (i.e. only a small number of
individuals that actually contribute to a gene pool;
this may increase the probability of population
extinction through a decline in fecundity and vi-
ability) (Pusey & Wolf, 1996). The development of
RAPD (Welsh & McClelland, 1990) has been use-
ful to demonstrate the genetic status of endan-
gered species and the technique is also useful in
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Fig. 1.  Locations of four populations (I to IV)
of M. lyra in and around Madurai in Southern
India.

Fig. 1. Localización de las cuatro poblaciones
(I a IV) de M. lyra en y alrededor de Madurai,
en el sur de la India.

Indian Ocean
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Table 1. Analysis of Molecular Variation (AMOVA) for 35 individuals of M. lyra. The total data set
contains individuals from three populations. Statistics include the sum of squared deviations (SSD),
mean squared deviations (MSD), variance component estimates (VCE), the percentages of total
variance contributed by each component (%TV) and the probability (P) of obtaining a more extreme
component estimated by chance alone: *** After 1,000 permutation.

Tabla 1. Análisis de variación molecular (AMOVA) para 35 individuos de M. lyra. La serie completa de
datos contiene individuos procedentes de tres poblaciones. Las estadísticas incluyen la suma de las
desviaciones elevadas al cuadrado (SSD), las desviaciones medias elevadas al cuadrado (MSD), las
estimaciones de los componentes de varianza, los porcentajes de la varianza total aportada por cada
componente, y la probabilidad (P) de obtener un componente más extremo estimado únicamente al azar.

Source of variation df SSD MSD VCE % TV     P ***

Between populations 2 170.40 21.3 0.81 11.04 < 0.001

Individuals within population 34 1017.84 6.5 6.56 88.96

conservation efforts in desert fishes (Vrijenhoek,
1995), sea turtles (Bowen & Avise, 1995) and
Blanding’s turtle (Rubin et al., 2001).

In the present study, we used three different
approaches for data analysis, genetic diversity, het-

erozygosity and genetic differentiation. The analy-
sis of genetic diversity in M. lyra shows that no
population has a higher degree of diversity. The
genetic diversity found in this study is related to
other bat species such as Tadarida brasiliensis

         D    1   2    3    4    5   6   7    8    9   10  11  12  13  14  M
12216
10636
1018

517/506

396
344
298

220

134

Fig. 2. Examples of RAPD amplifications with primer OPB 5. Lane 2–3, 4–5, 6–7, 8–9, 10–11 are
mother–young pairs of M. lyra and lane 1, 12, 13, 14 are male samples: D. Negative control without
template DNA; M. Indicated marker.

Fig. 2. Ejemplos de amplificaciones RAPD con el cebador genético OPB 5. Las pistas 2–3, 4–5, 6–7,
8–9, 10–11 son parejas madre–hijo de M. lyra, y las pistas 1, 12, 13, 14 proceden de muestras de
machos: D. Control negativo sin plantilla de DNA; M. Marcador indicado.
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(McCracken et al., 1994), the Australian flying–fox
Pteropus spp (Webb & Tideman, 1996) —using
conventional protein (allozymes) markers—, Myotis
myotis (Petri et al., 1997) —using DNA markers,
mtDNA and Simple Sequence Repeats—, and a
gleaning bat Plecotus auritus (Burland et al., 1999).

The high values of Nm (1.41) and low values
of Gst (0.15) indicate a large amount of gene flow
between populations. Slatkin (1985) suggested
that significant differentiation between populations
would be expected only if the Nm value was
< 1.0. It is worth mentioning that despite the
relatively high level of gene flow in these four
populations, there were significant genetic differ-
ences among M. lyra in different regions. Simi-
larly, there are a few other studies on genetic
variation in megachiropterans in the Philippine
islands (Peterson & Heaney, 1993) in which
allozymes were used to estimate the level of
gene flow for small fruit bats. Allele estimation of
Nm was low at 0.05 for Haplonycteris fischeri, a
species known to have low vagility compared
with an Nm of 7.5 for Cynopterus brachyotis,
which is an effective seed disperser and long
distance forager (Peterson & Heaney, 1993). The
level of genetic differentiation that we observed
within and between populations of M. lyra com-
pares favorably with other bat species such as
the little red flying–fox Pteropus scapulatus
(Sinclair et al., 1996) and the Indian leaf–nosed
bat Hipposideros speoris (Emmanuvel Rajan &
Marimuthu, 2000).

Gene flow between the colonies probably oc-
curs mainly via extra–colony copulations without

permanent dispersal from the natal colony, but it
may be limited by distance as well as availability
of suitable mating sites or recently fragmented
populations. Extra–colony copulation has been
detected in most animal species, where interest-
ingly no natal dispersal occurred in either sex
(Amos et al., 1993). The recent mark–and–recap-
ture studies at the roosting place show the fluctua-
tion in population size of M. lyra during the breed-
ing season (Sripathi et al., 2004). These observa-
tions support the extra–colony copulation and in-
breeding avoidance behaviour, factors that may
drive the maternity roost and determine the immi-
gration/emigration dynamics of a particular colony.
However, population 1 and 3 are genetically more
related than the other populations estimated in the
present study. Future studies using advanced
molecular markers in a greater number of samples
(especially samples from populations 1 and 3) and
distant populations will add additional insights to
our understanding of the genetic diversity and
contribute to conservation assessment of M. lyra
in the Indian subcontinent.
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Fig. 3. Dendrogram showing the genetic relationship of the four populations of M. lyra based on the
inter–population distance and cluster analysis by UPGMA

Fig. 3. Dendrograma que muestra las relaciones genéticas de cuatro poblaciones de M. lyra, basándose
en la distancia entre poblaciones y el análisis de grupos mediante UPGMA.
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