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 Hemidactylus geckos are probably the most widespread genus of reptiles, with a world-wide distribution and multiple
cases of range expansion and transmarine colonization. With an almost cosmopolitan distribution and many species being
morphologically similar it has proved difficult to delimit species diversity and distributions. Using a comprehensive
analysis of individuals collected across the Western Indian Ocean islands and some locations along the East African coast,
we further assess their diversity and the origin of insular populations. Despite four species of Hemidactylus being
widespread across the Western Indian Ocean islands, most of their range in this area may actually be the result of very
recent (possibly human-aided) dispersal events. Most probably, all Hemidactylus species occurring in the Comoros and
granitic Seychelles archipelagoes are not native. Instances of natural colonization seem to be only the ones of H. mabouia
to Madagascar and from there to the coralline archipelago of Aldabra. Surprisingly, Aldabra populations reveal a
remarkable diversity and structure. Given the degree of divergence observed we propose that insular (Gulf of Guinea,
Comoros, Madagascar, Seychelles) populations of H. mabouia are recognized as H. mercatorius. Cryptic variation is
further uncovered in all species in their native range, with H. platycephalus and H. mabouia harbouring several highly
divergent lineages, but further taxonomic assignments should await detailed assessments of distribution and molecular
variation.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Hemidactylus geckos occur naturally through much of
tropical Asia and Africa, the more arid areas of north-

east Africa and southwest Asia, the Mediterranean
region and South America, which they reached by natural
transmarine colonization (Kluge, 1969). Both naturally
and anthropogenically, they also reached various islands
of the Americas, West Indies, Australia and the Indian,
Pacific and Atlantic oceans, demonstrating more cases of
range expansion through transmarine colonization than
any other reptile genus (Carranza & Arnold, 2006).

Across the Western Indian Ocean islands at least four
species belonging to three deeply differentiated clades
(Carranza & Arnold, 2006) are known to occur (H.
mabouia/mercatorius, H. platycephalus, H. frenatus and
H. brooki). The origin and status of Malagasy and
Comoran populations has been explored in recent years
using molecular data (Vences et al., 2004; Rocha et al.,
2005; Boumans et al., 2007). Summarizing, both H.
frenatus and H. brooki, which belong to the tropical
Asian clade (Carranza & Arnold, 2006), are present in
Madagascar and the Comoros (H. brooki only in the
Comoros) with patterns that better fit anthropogenic in-
troduction scenarios. Hemidactylus platycephalus was

shown to be the most abundant species in the Comoros
but the lack of variation observed across these islands
(and Madagascar) pointed also to a very recent range ex-
pansion, either natural or human-aided. Hemidactylus
mabouia/mercatorius exhibited the most complex varia-
tion pattern and data clearly indicate that the exact
species delimitation and phylogeographic structure
within this putative “species-complex” is far from being
understood. Vences et al. (2004), based on the deep diver-
gence observed between African (H. mabouia) and
Malagasy individuals, used the H. mercatorius (Gray,
1842) designation for the Malagasy populations but re-
sults from Rocha et al. (2005) showed that species
delimitation is unclear, given that H. mabouia haplotypes
from the Gulf of Guinea populations cluster with one of
the clades of both Malagasy and Comoran populations.
Madagascar harbours two distinct clades of this “spe-
cies” that were further explored by Boumans et al. (2007),
in a more comprehensive analysis across its Malagasy
distribution. These authors argued in favour of its native
status (at least across most of its range) in Madagascar.

Here we use comprehensive sampling across the
Western Indian Ocean islands of the Seychelles (both
coralline and granitic archipelagos), Zanzibar and Pemba
(off Tanzania), some locations across the East African
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coast (Tanzania, South Africa) and Uganda, together with
the already published sequences of these species, to fur-
ther assess their diversity and the origin of these insular
populations and to try to provide some insights into the
origins and status of all insular populations of both H.
mabouia and H. platycephalus by the inclusion of conti-
nental samples from Africa.

MATERIALS AND METHODSMATERIALS AND METHODSMATERIALS AND METHODSMATERIALS AND METHODSMATERIALS AND METHODS

We collected 130 new samples from the four target spe-
cies across South Africa, Uganda, Tanzania mainland,
Zanzibar and Pemba islands and the Seychelles coralline
and granitic archipelagos (Fig. 1 and Electronic Appendix,
downloadable at http://www.thebhs.org/pubs_journal_
online_appendices. html).

Genetic samples were taken in the field by preserving
muscle tissue (autotomized tails) in pure ethanol and total
genomic DNA was extracted using standard high-salt
(Sambrook et al., 1989) or phenol-chloroform (Taggart et
al., 1992) protocols. We used primers 16SA-L and 16SB-H
(Palumbi et al., 1991) to amplify a section of approximately
500 bp of the mitochondrial 16S ribosomal RNA gene, us-
ing conditions described in Harris et al. (1998). Sequences
were produced by a commercial facility (Macrogen, Seoul,
Korea).

New sequences were then combined with previously
published ones from Vences et al. (2004), Rocha et al.
(2005) and Boumans et al. (2007) and aligned in MAFFT
v. 6 under the G-INS-I strategy (Katoh et al., 2005), an it-
erative approach that assumes that the total region can be
aligned and tries to align them globally. It is appropriate

for gene regions like these, where, despite indel-rich re-
gions, global homology can be observed, and has been
shown to perform better than most commonly used
pairwise approaches (Wilm et al., 2006).  Haplotype net-
works for all species were constructed using the
median-joining method (Bandelt et al., 1999) with MP op-
timization (Polzin & Daneschmand, 2003) in NETWORK
v. 4.510 (www.fluxus-engineering.com).  A maximum likeli-
hood (ML) tree was also built for all unique haplotypes of
both H. mabouia–mercatorius and H. platycephalus. The
best fitting model was found through jModeltest
(Guindon & Gascuel, 2003; Posada, 2008) under the AICc
criteria and an ML search with 1000 bootstrap replicates
was performed in PhyML (Guindon & Gascuel, 2003).

The software package BEAST v. 1.4.8 (Drummond &
Rambaut, 2007) was used to obtain Bayesian estimates
(posterior distributions) of the substitution rates underly-
ing the data, assuming the Aldabra group clade of H.
mabouia–mercatorius to be approximately 125,000 years
old (Thomson & Walton, 1972) (see Results and Discus-
sion). For this we again found the best fitting model for
the respective dataset (all Aldabra group individuals) us-
ing jModeltest and chose the one with the best AICc
score (GTR+I) among those available in BEAST. Because
we were dealing with a short intraspecific dataset (low in-
formation content and little reason to expect rate
heterogeneity), we used a strict clock model with a coales-
cent tree prior and an exponential growth population
model. We used a uniform prior on the tree root of 118,000
yr to 140,000 yr (according to Thomson & Walton, 1972)
as well as a uniform prior on the mutation rate, which we
allowed to vary from 0.005 substitutions per site per mil-
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Fig. 1.Fig. 1.Fig. 1.Fig. 1.Fig. 1. Map of main sample localities (see Electronic Appendix for detailed information). New localities in
continental Africa are highlighted (Ug: Kibale, Uganda; Ls, Sn, Tg, DES: Lushoto, Soni, Tanga and DarEsSalaam,
Tanzania; Drb, PS, PE: Durban, Port Shepstone and Port Elizabeth, South Africa). For detailed locations of Comoran
and Seychellois samples, see Carretero et al. (2005) and Rocha et al. (2010).

http://www.thebhs.org/pubs_journal_online_appendices.html
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lion years (half of the assumed mitochondrial vertebrate
long-term mutation rate of 2%; Wilson, 1985) and 0.2 (a
twenty-fold increase on the latter rate). Default priors
were used for population size, modern day population
size and exponential growth rate parameters. The analysis
was run at least two times for 50×106 steps, sampled each
1000 steps, and 10% were discarded as burn-in. The soft-
ware TRACER v. 1.4.1 (Rambaut & Drummond, 2007) was
used to visualize the runs, checking for stationarity, con-
vergence and adequacy of effective sample sizes (ESS) of
parameters and to obtain posterior estimates and 95%
credibility intervals for estimates.

RESULTS AND DISCUSSIONRESULTS AND DISCUSSIONRESULTS AND DISCUSSIONRESULTS AND DISCUSSIONRESULTS AND DISCUSSION

Hemidactylus mabouiaHemidactylus mabouiaHemidactylus mabouiaHemidactylus mabouiaHemidactylus mabouia “complex” “complex” “complex” “complex” “complex”

Examination of the haplotype networks concerning the H.
mercatorius–mabouia “complex” reveal even more com-
plicated patterns of variation than those previously
described (Fig. 2). Clearly multiple cryptic lineages exist
within this “species”, and the current taxonomic arrange-
ment is completely inadequate. Haplotypes from
Mozambique and South Africa define three deep, highly
divergent lineages from the remaining group (clade A in
Figure 4). Both PCR amplification and sequences were
clean, without evidence of multiple bands or peaks, so we
have no reason to be suspicious about the possibility of
analysing paralogous fragments in these individuals (nu-

clear copies). Furthermore, base composition of these se-
quences was similar to the remaining ones in the dataset
(average 18%T, 26%C, 31%A, 22%G), with values that fit
well with those expected for vertebrate mitochondrial
genomes (Asakawa et al., 1991). Differentiation between
these main lineages (4) is high: all distance comparisons
involving the South African lineages (H35 and H34) and
the individual from Mozambique (H12) reveal distances of
2.7–8.3%, 7.3–8.5% and 5.8–7.7%, respectively (uncor-
rected average distances between groups) towards
remaining individuals. If we invoke the 3% cut-off value
for this same fragment used by Vieites et al. (2009) we may
be in the presence of (unconfirmed) candidate species
(UCS, sensu Vieites et al., 2009).

Within clade A, at least three further groups can tenta-
tively be defined, each with considerable levels of
diversity. One of the sub-clades (I in Figures 2 and 4) har-
bours haplotypes from the north of Madagascar, the
Comoros (Mayotte), Tanzania including the islands of
Zanzibar and Pemba, South Africa and the Seychelles
(Mahé), as well as Uganda and the Gulf of Guinea islands,
without any geographic structure. This species is not
abundant either in the Comoros, or in the granitic Sey-
chelles – just a few individuals were found during several
weeks of fieldwork, on the island of Mahé, and they all be-
long to this clade, sharing haplotypes with African and
Comoran individuals. From the distribution of the African
haplotypes, it may be that both Mayotte and Mahé (and
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Fig. 2.Fig. 2.Fig. 2.Fig. 2.Fig. 2. MJ network for H. mabouia–mercatorius individuals. Haplotypes are colour-coded geographically and
positions presenting substitutions are represented along the branches. The correspondence between haplotypes
and individuals can be found in the Electronic Appendix.
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north Madagascar) were colonized recently multiple times
from the East African coast or/and that dispersals from
Mayotte, Mahé or North Madagascar back to Africa also
do happen (possibly all corresponding to anthropogenic
movements). It is also clear that cryptic diversity is
present along the East African coast (haplotypes from
South Africa belong to three different and highly diver-
gent lineages), where variation within this species and its
geographic distribution must be further investigated. The
second group (II) of this Western Indian Ocean clade is
defined mostly by Malagasy samples (and two individu-
als from Grand Comoro, Comoros), harbouring
considerable haplotype diversity and structure, in what
could be considered an endemic Malagasy clade
(Boumans et al., 2007). Comoran haplotypes from this
clade (two, from Grand Comoro) may again result from
occasional introductions.

Closely related to this, haplotypes from the coralline
archipelago of Aldabra (Aldabra, Cosmoledo, Astove,
Assumption) define a well-supported monophyletic
group (III) with considerable diversity and a remarkable
phylogeographic structure, without any of these islands
sharing any haplotype. This is a remarkable and surpris-
ing result given their geographical proximity and that
Aldabra was supposedly completely submerged only
about 125,000 years ago (Thomson & Walton, 1972) and
the remaining islands in this group, lower than Aldabra
itself, were also most probably submerged during this last
interglacial period. The geographic structure of the distri-

bution of the haplotypes nevertheless clearly supports
the native status of this species in these islands. As a test
of the likelihood of this clade being native to the Aldabra
archipelago we estimated the mutation rate needed to in-
voke if we assume a colonization of the island right after
its emergence, implementing the 118,000–140,000-year in-
terval from Thomson & Walton (1972) as a uniform prior
on the root height and a uniform prior on the mutation rate
from 0.005 to 0.2 substitutions/site/my.  We recovered a
roughly “normal-shaped” posterior distribution on the
substitution rate, differing considerably from the prior
used, with a mean of 0.07 substitutions/site/my but with a
large 95% credibility interval (0.019–0.1457), which al-
though higher than the traditional phylogenetic estimate
of the rate of evolution, could correspond to the higher
reported values of the mutation rate observed in “recent”
(= low divergence) intraspecific datasets (Howell et al.,
2003; Burridge et al., 2008), regardless of whether they are
real or dataset or analysis artefacts (for discussion of this
topic, see Ho et al., 2005; Emerson, 2007; Debruyne &
Poinar, 2009). Explorative estimates using a relaxed clock
model led to similar results (though with an even wider
CI).

We thus have no reason to reject the hypothesis that
this is a real endemic clade of the Aldabra archipelago,
which is notable, given the recent age of these islands
and the overall evidence for an otherwise anthropogenic-
driven distribution of this species across the Western
Indian Ocean islands.
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Fig. 3. Fig. 3. Fig. 3. Fig. 3. Fig. 3. MJ network for H. platycephalus individuals. Haplotypes are colour coded geographically and positions
presenting substitutions represented along the branches. The correspondence between haplotypes and individuals
can be found in the Electronic Appendix.
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A comprehensive clarification of H. mabouia-complex
taxonomy is not yet possible, but, given the clear differen-
tiation observed between the basal (South African and
Mozambique) lineages and the now well sampled insular
populations, we propose that H. mercatorius becomes
the designation applied to Gulf of Guinea, Comoran, Mala-
gasy and Seychellois populations, with the status of
eastern African populations remaining unchanged pend-
ing further studies. Hemidactylus mercatorius has most
probably an extensive distribution across East Africa,
possibly sympatric with H. mabouia across at least part
of its range, but any taxonomic assignation of continental
populations should wait until the distinction and distribu-
tion of these lineages across continental Africa is
properly investigated.

Hemidactylus platycephalusHemidactylus platycephalusHemidactylus platycephalusHemidactylus platycephalusHemidactylus platycephalus

Hemidactylus platycephalus was not found in the Sey-
chelles, but was the most common species across the
Comoros (Rocha et al., 2005), inhabiting both natural and
humanized environments (Carretero et al., 2005), and very
abundant also along the East African coast and on the is-
lands of Zanzibar and Pemba. Again, cryptic diversity is
unveiled across East Africa with haplotypes from Zanzi-
bar, Pemba, Tanzania (mainland), Mozambique and Kenya

Hemidacty lus Hemidacty lus Hemidacty lus Hemidacty lus Hemidacty lus on Western Indian Ocean Is landson Western Indian Ocean Is landson Western Indian Ocean Is landson Western Indian Ocean Is landson Western Indian Ocean Is lands

defining at least three, highly differentiated, clades (Figs 3
and 4). Distances between these clades vary between 2.6
and 3.7%.

Again, for this species, considering the distribution of
the African haplotypes (scattered across the three line-
ages) and the low or lack of diversity observed
respectively in the Comoros and Madagascar, it is most
probable that its presence on these islands is the result of
recent (possible human-aided) dispersal events. Interest-
ingly, some geographically coherent variation is
observed in East Africa, with north Tanzania and Kenya
and Zanzibar and Pemba harbouring exclusive lineages.
Again, it is possible that multiple species occur under the
current designation of H. platycephalus, and this should
be further investigated through extended sampling and
the use of additional nuclear data.

Hemidactylus frenatusHemidactylus frenatusHemidactylus frenatusHemidactylus frenatusHemidactylus frenatus

Finally, H. frenatus, not found on the East African coast,
was the most abundant species of this genus in the gra-
nitic Seychelles (Mahé) and was also found across some
of the low coralline islands of the Seychelles (Bird, Poivre
and Desroches). Several distinct haplotypes were found
across the Seychelles, Madagascar, the Mascarenes and
the Comoros, but without any clear phylogeographic rela-

Fig. 4.Fig. 4.Fig. 4.Fig. 4.Fig. 4. Maximum likelihood tree for all haplotypes of H. mabouia–mercatorius and H. platycephalus. Relevant
bootstrap values are indicated. Haplotype labelling is the same as in Figures 2 and 3. Clade A of H. mabouia–
mercatorius and its subgroups are highlighted.
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tionship (Fig. 5), showing again, and also for the Sey-
chelles, that its presence is most probably attributable to
multiple, most likely human-aided, dispersal events.  Of
the two new Asian samples from this species included in
this study, from Myanmar, one clearly clustered with this
group of haplotypes (CAS885; H14) but another one (not
included in the haplotype network) exhibited a highly di-
vergent haplotype from these (around 10%), pointing
again to cryptic diversity within this species in its native
range (Carranza & Arnold, 2006).

In sum, despite the four species of Hemidactylus being
generally widespread across the Western Indian Ocean
islands, most of their range in this area may actually be the
result of very recent (possibly human-aided) dispersal
events. It now seems most probable that none of the
Hemidactylus species occurring in the Comoros archi-
pelago is actually native, the same being true for the
granitic Seychelles. The only instances of natural coloni-
zation seem to be those of H. mabouia to Madagascar
and from there to the coralline archipelago of Aldabra.
Given the degree of differentiation observed, we propose
that insular (Gulf of Guinea, Comoros, Madagascar, Sey-
chelles) populations of H. mabouia are recognized as H.
mercatorius (as also proposed for the Malagasy
populations by Vences et al., 2004), with the status of
continental populations pending further studies. Cryptic
variation is depicted for the three species studied in their
native range, with the cases of H. platycephalus and H.
mabouia being remarkable in the sense that several
highly divergent mitochondrial lineages are present along
the eastern African coast. Nevertheless, extensive nu-
clear molecular data should also be collected and the
geographical distributions of these lineages clarified be-
fore further taxonomic changes are implemented.
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