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PHYLOGENETIC RELATIONSHIPS OF LYGODACTYLUS GECKOS FROM THE
GULF OF GUINEA ISLANDS: RAPID RATES OF MITOCHONDRIAL DNA
SEQUENCE EVOLUTION?
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Mitochondrial DNA (12S rRNA, 16S rRNA and cytochrome b) sequences and nuclear
sequences (C-mos) were analysed within Lygodactylus thomensis from three volcanic islands in
the Gulf of Guinea that have never been connected to the continent. Our aim was to assess
interrelationships between the three subspecies to test a recent hypothesis suggesting high rates
of mitochondrial DNA (mtDNA) sequence evolution in geckos. Our results indicate, based on
mtDNA sequence data, that the three subspecies are genetically differentiated at a level more
typically observed between species. However, the forms cannot be differentiated using the
nuclear marker C-mos. These results further substantiate the hypothesis of rapid rates of mtDNA
sequence evolution in geckos, although the alternative that C-mos is evolving more slowly
cannot be discounted. They also suggest that present calibrations for molecular clocks are at the

upper limit of divergence over time.

Key words: dwarf gecko, genetic analysis, phylogeny, Sdo Tomé, Principe, Annobon

INTRODUCTION

The islands of the Gulf of Guinea are part of a vol-
canic chain formed during the middle to late Tertiary.
Bioko (formerly Fernando P9) is the largest and closest
to Africa, only about 32 km from Cameroon. Smaller and
more geographically isolated are S&o Tomé and Principe
(1001 km? combined), which include a number of small
islets, and 160 km southwest of Sdo Tomé, Annobon (17
km?; Fig. 1). Estimated ages for the origins of Principe,
Sao Tomé and Annobon are 31 my, 14 my and 4.8 my re-
spectively (Lee et al., 1994). These three islands have
never been interconnected, or linked to the continent.
This isolation has promoted species divergence and evo-
lution, and they presently harbour several endemic
species, including the dwarf gecko, Lygodactylus
thomensis.

Lygodactylus contains about 60 species, with a centre
of distribution in sub-Saharan Africa. Unusually for
geckos, dwarf geckos are diurnal. Lygodactylus
thomensis is the only dwarf gecko known from Principe,
S&o Tomé and Annobon. Three subspecies have been
recognized, L. t. thomensis from Sdo Tomé, L. t.
delicatus from Principe and L. t. wermuthi from
Annobon.

Although many phylogenetic studies have been per-
formed on the gecko fauna of the more northern Atlantic
volcanic islands, such as the Cape Verde archipelago
(Carranza et al., 2000; Jesus et al., 2001, 2002) and the
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Canary Islands (Glbitz et al., 2005), very little is
known about the fauna of the islands of the Gulf of
Guinea. A recent phylogenetic study of the geckos
Hemidactylus indicated that the commonest species,
H. mabouia, was probably introduced, and also indi-
cated the existence of a genetically distinct lineage
(Jesus et al., 2005a) that may in fact be H.
longicephalus (Carranza & Arnold, 2006). Like other
recent studies on geckos (e.g. Austin et al., 2004;
Kasapidis et al., 2005; Kronauer et al., 2005; Lamb &
Bauer, 2000; Harris et al., 2004a,b) this work high-
lighted extraordinarily high levels of mtDNA sequence
divergence within morphologically conservative
geckos. However, in the studies where a comparison
with nuclear DNA sequence data has been available
(Austin et al., 2004; Harris et al., 2004b; Jesus et al.,
2005a) variation within the nuclear markers has been
low or non-existent. This led to the speculation that
geckos may have a relative fast rate of mtDNA evolu-
tion (Jesus et al., 2002; Harris et al., 2004a). Using
both mitochondrial and nuclear DNA sequences we
aim to (1) examine the levels of variation between
forms on the three islands, and compare this with the
age of the islands; (2) determine the possible coloniza-
tion sequence of the islands, and compare colonization
rates and patterns to those of other species; and (3) fur-
ther test the hypothesis of high rates of mtDNA
sequence evolution in an additional gecko species.

MATERIALS AND METHODS

The number and geographic locations of the speci-
mens used in this study are given in Table 1 and Fig. 1.
Voucher specimens are housed in the collections of the
University of Madeira. Total genomic DNA was ex-
tracted from small pieces of tail using standard
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TABLE 1. Specimens used in this study. Localities refer to Fig. 1. Codes refer to voucher specimens and to Fig. 2.

Species Locality Code
L. t. wermuthi Annobon 638, 639, 640,641, 642, 643,
645, 646, 649, 650
L. t. thomensis S. Nicolau, Sdo Tomé 725, 727
L. t. delicatus Montalegre, Principe 699, 700
Terra Velha, Principe 720
L. capensis Tanzania TZ32
L. luteopicturatus Tanzania TZ1

methods (Sambrook et al., 1989). Primers used in both
amplification and sequencing of mitochondrial DNA
were 16SL and 16SH, 12Sa and 12Sh, and Cytochrome
b1 and 3 from Kocher et al. (1989). Amplification con-
ditions were the same as those described by Harris et al.
(1998). Primers used to amplify a fragment of the nu-
clear gene C-mos were G73 and G74, and were used
following the conditions given by Saint et al. (1998). C-
mos sequences have been widely used to infer
relationships at many levels within geckos (e.g. Austin
et al., 2004; Carranza et al., 2002; Han et al., 2004;
Harris et al., 2004b). Two outgroup species were also
sequenced for all four gene regions, Lygodactylus
luteopicturatus and Lygodactylus capensis. Addition-
ally for the analyses based only on C-mos, sequences of
Lygodactylus sp. and Lygodactylus bradfieldi were also
included (Austin et al., 2004; Han et al., 2004). Ampli-
fied fragments were sequenced on a 310 Applied
Biosystem DNA Sequencing Apparatus. Sequences
were aligned using Clustal W (Thompson et al., 1994).
Length variation in loop regions of the rRNAs was rela-
tively limited, and all positions were included in the
analysis. Mitochondrial DNA sequences were imported
into PAUP* 4.0b10 (Swofford, 2003) for phylogenetic
analysis. For the phylogenetic analysis of the combined
data, we used maximum likelihood (ML), maximum
parsimony (MP) and Bayesian inference. We used the
approach outlined by Huelsenbeck & Crandall (1997) to
test 56 alternative models of evolution, employing
PAUP* 4.0b10 and Modeltest (Posada & Crandall,
1998). Once a model of evolution was chosen, it was
used to estimate a tree employing ML (Felsenstein,
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FIG. 1. Map showing the sampling localities of Lygodactylus
from the Gulf of Guinea. The outgroup samples are both from
Tanzania.

1981) with random sequence addition (10 replicate heu-
ristic search). The MP analysis was also performed with
random sequence addition (100 replicate heuristic
searches). In both MP and ML support for nodes was
estimated using the nonparametric bootstrap technique
(Felsenstein, 1985) with 1000 replicates. The Bayesian
analysis was implemented using  MrBayes
(Huelsenbeck & Ronquist, 2001). Two independent
replicates were conducted and inspected for consist-
ency to check for local optima. Both analyses were
conducted with random starting trees, run for 1 x 10°
generations, and sampled every 1000 generations using
a general-time-reversible model of evolution with a
gamma model of among-site rate variation. In both
searches, stationarity of the Markov Chain was deter-
mined as the point when sampled In-likelihood values
plotted against generation time reached a stable mean
equilibrium value; “burn-in” data sampled from genera-
tions preceding this point were discarded. All data
collected at stationarity were used to estimate posterior
nodal probabilities and a summary phylogeny. New se-
quences from C-mos for nine individuals were aligned
against the published Lygodactylus sequences. There
were no indels. Because no characters were homoplas-
tic (consistency index=1) only an MP analysis was
performed.

RESULTS

For the combined mtDNA gene fragments, 17 indi-
viduals were included for a total of 1177 base pairs;
ML, MP and Bayesian analyses gave identical estimates
of relationships (Fig. 2). The most appropriate model
for the combined data was the GTR model with an esti-
mate of invariable sites (0.21) and a discrete
approximation of the gamma distribution (0.41). The
ML heuristic search using this model found two trees of
-Ln 3590. Bayesian analysis produced an identical esti-
mate of relationships to one of these. For MP 176
characters were informative, and the MP search found
one tree of 458 steps (Fig. 2). All analyses varied only
in relationships between individuals from Annaobon. In
all analyses all three islands formed monophyletic
clades with 100% support. Lygodactylus thomensis is a
monophyletic group, similarly with 100% support, rela-
tive to the included outgroups. Also supported is a
sister-taxa relationship between L. t. delicatus from
Principe and L. t. wermuthi from Annobon. Average
levels of sequence divergence between congeneric rep-
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FIG. 2. One of two trees derived from an ML analysis of
combined 12S and 16S rRNA fragments using the model
described in the text. MP and Bayesian analyses gave
identical estimates of relationships. Bootstrap values (>50%)
for MP and ML are given above the nodes, and Bayesian
probabilities are given below the nodes. When all values were
the same, one value is given. The tree was rooted using
Lygodactylus capensis and L. luteopicturatus.

tile species is known to average approximately 12% for
cytochrome b (Harris, 2002). Sequence divergence for
cytochrome b between populations from Annobon and
Principe is approximately 10%, and between Principe
and Sdo Tomé approximately 15%.

For the C-mos nuclear DNA sequences 11 characters
were parsimony-informative. A heuristic search found a
single tree of 28 steps (Fig. 3). Our analyses of variation
of C-mos indicate minimal variation within
Lygodactylus thomensis. Only three haplotypes were
found, with two individuals being heterozygous. One
haplotype was found in individuals from all three is-
lands. Lygodactylus thomensis was clearly
differentiated from the other species included in the
analysis.

DISCUSSION

Analysis of the mtDNA sequences produced a robust
estimate of relationships for populations from the three
islands. Presently the species appears to be mono-
phyletic although including additional Lygodactylus
species in the analysis would be necessary to confirm
this. The populations from Annobon and Principe are
sister taxa. Given the geographical remoteness and
younger geological age of Annobon, and that the major-
ity of individuals from Annobon had a derived
haplotype for the C-mos, it seems very likely that
Annobon was colonized from Principe. Thus
Lygodactylus on these islands do not fit a classic “step-
ping-stones” model of island colonization. Nor do they
show the same pattern as Hemidactylus, where H.
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FIG. 3. Single MP tree showing relationships derived from
partial sequences of C-mos. The * and ** indicates the
heterozygous alleles from the same individuals.

newtonii that is endemic to Annobon is sister taxon to a
form from S&o Tomé (Jesus et al., 2005a) that is either a
new species or may correspond to H. longicephalus.
They also differ from Mabuya skinks, which independ-
ently colonized each island (Jesus et al., 2005b). These
differences in colonization patterns highlight the diffi-
culties in drawing general conclusions regarding how
islands are colonized from only a few species — clearly
stochastic processes play an important role.

Despite the much greater ages of Sdo Tomé and
Principe relative to Annobon, the time delay between
colonization events is relatively similar. Carranza et al.
(2000), using 12S rRNA and cytochrome b sequences
calibrated for Tarentola geckos in the Canary Islands,
estimated 1.96% sequence divergence per million
years. Since Hemidactylus have similar size and pre-
ferred temperatures this estimate is likely to be
appropriate in this group also (Gillooly et al., 2005).
Based on our estimate of relationships we cannot deter-
mine if Sdo Tomé or Principe was the first island
colonized. However, the 10% divergence between them
for 12S and cytochrome b combined sequences suggests
that there was an approximately five million year delay
between colonization of the first and second islands.
The 8% divergence between Principe and Annobon
would indicate that Annobon was colonized approxi-
mately four million years ago, less than one million
years after its formation. This is a relatively short delay
given the small size and isolation of Annobon — the de-
lay before Madeira was colonized by the lacertid lizard
Lacerta dugesii, for example, was closer to 10 million
years (Brehm et al., 2003). This supports the hypothesis
that geckos are relatively rapid reptile colonizers, prob-
ably due to the ability of their calcareous-shelled eggs to
resist salt water and to be able to be rafted from place to
place (Brown & Alcala, 1957). It further suggests that
calibration of molecular clocks at a slower rate than that
used here would be inappropriate, at least for
Hemidactylus, as they would predict that Annobon was
colonized prior to its formation.
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Given the high levels of mtDNA sequence diver-
gence between populations from the different islands
we would have expected to see some variation within
the C-mos sequences. Variation within Lacerta
schreiberi, for example, is less than half the level seen
for mtDNA sequences, but four haplotypes at C-mos
have been reported (Paulo et al., 2002; Godinho et al.,
2001). Similar situations occur in Mabuya from the
Cape Verde Archipelago (Brehm et al., 2001) and in
Lacerta dugesii (Brehm et al., 2003; Jesus et al.,
2005c). At the same time almost every study of
intraspecific variation within geckos has uncovered ex-
tremely high levels of mtDNA sequence variation (e.g.
Austin et al., 2004; Harris et al., 2004a,b; Kasapidis et
al., 2005; Kronauer et al., 2005; Rocha et al., 2005).
Such levels are much higher than typically seen in other
vertebrates — up to 26.9% for cytochrome b in
Thecadactylus rapicauda, for example (Kronauer et al.,
2005). Although there are other possible explanations,
such as an artefact of taxonomy due to morphological
conservativeness of geckos, combined with low levels
of variation with C-mos the data are consistent with the
theory of an elevated rate of mtDNA sequence evolu-
tion in geckos. More nuclear markers from diverse
groups of geckos will be needed to test this further.
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