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1. Introduction

Most terrestrial vertebrates of the West Indies, especial-
ly those that cannot fly, have a high rate of endemism,
including 99% of the 174 native species of amphibians
and 96% of the 499 native species of reptiles (Hedges,
2001, 2006). Furthermore, they are typically found on no
more than one island. However, several of the larger spe-
cies of geckos are more widely distributed and represent
exceptions to this rule. Here, we investigate these species
using DNA sequences to gain insights into their origin, tax-
onomic status, and historical biogeography.

1.1. Phyllodactylus wirshingi

This species was described from specimens taken in
Puerto Rico (Kerster and Smith, 1955) and additional spec-
imens were later collected from Hispaniola, in the southern
Dominican Republic and in northwestern Haiti (Schwartz,
1979) (Fig. 1a). The habitats in all three regions are xeric
and have exposed rocks (Schwartz and Henderson, 1991).
The only other species of Phyllodactylus known from the
Greater or Lesser Antilles is P. pulcher from Barbados, a
rare species. One of us (S.B.H.) has searched for P. pulcher
on Barbados, unsuccessfully, although a more comprehen-
sive effort is needed to determine its conservation status.
Phyllodactylus wirshingi is considered to be a member of
the P. tuberculosus group, although the relationships of
the species of Phyllodactylus have not yet been fully
resolved (Bauer et al., 1997; Dixon and Huey, 1970).

Three populations of P. wirshingi have been recognized
as subspecies (Bauer and Russell, 2003; Schwartz, 1979):
the Puerto Rican form as P. w. wirshingi, the Dominican
form as P. w. hispaniolae, and the Haitian form as P. w.

sommeri. The ranges of the two Hispaniolan subspecies
are not in contact (Fig. 1a). The three subspecies are distin-
guished morphologically based on combinations of several
characters including the number and arrangement of post-
mental scales and the coloration and pattern of both juve-
niles and adults. Individually, most of these characters
overlap in variation. It was predicted that the Puerto Rican
population originated by dispersal from Hispaniola,
because of the narrow distribution of the former and great-
er morphological variation present in P. w. hispaniolae

(Schwartz, 1979). No molecular studies have examined
relationships among populations of P. wirshingi.

1.2. Tarentola americana

The gecko genus Tarentola is distributed mostly in
North Africa and nearby islands in the eastern Atlantic
(20 species). However, one species (T. americana) occurs
in Cuba (Fig. 1b) and the Bahamas, and another
(T. albertschwartzi), presumably extinct, is known from a sin-
gle specimen collected in Jamaica in the 19th Century and
‘‘discovered’’ recently in a museum in Scotland (Sprack-
land and Swinney, 1998). Geckos in the genus Tarentola

typically are nocturnal and inhabit dry, rocky areas.
Previous molecular analyses have investigated Tarentola

phylogeny using immunological distance data from serum
albumin (Joger, 1985) and DNA sequences from mitochon-
drial and nuclear genes (Carranza et al., 2000, 2002). The
sequence analyses united the Old World species in a single
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group, leaving the New World species T. americana as the
most divergent lineage in the genus. This also agrees with
its placement as the sole representative of the subgenus
Neotarentola (Joger, 1984). No sequences have yet been
obtained from the museum specimen of T. albertschwartzi,
although morphologically it has been suggested to be most
closely related to an African species, T. deserti, rather than
T. americana (Carranza et al., 2000; Sprackland and Swin-
ney, 1998). Molecular clock analyses have suggested that
T. americana diverged from the Old World species approx-
imately 14–17 million years ago (Carranza et al., 2002).
The New World species must have arrived by dispersal
from Africa by floating on flotsam across the Atlantic on
the North Equatorial Current (Hedges, 1996b), either in
one event (if they are close relatives) or two separate events.
The distance would have been approximately 5000 km at
that time (the continents were slightly closer) and would
have taken 3–6 months based on typical rates of current
flow (Guppy, 1917).

One of us (S.B.H.) collected specimens of T. americana

in Cuba, and first noted the presence of a small, cryptic spe-
cies in eastern Cuba in 1987 (also noted by R. Crombie,
personal communication). Subsequently S.B.H. collected
additional specimens of the new species, sympatric with
T. americana, along the southern coast of Santiago de
Cuba province and Guantánamo province in eastern Cuba
(Fig. 1b). Aside from a substantial difference in body size
and in arrangement of tubercles, the two species are so sim-
ilar morphologically that a sequence analysis was per-
formed, using portions of the mitochondrial cytochrome
b gene and nuclear amelogenin gene, to test the hypothesis

that two species were involved. No specimens of the Baha-
mian taxon T. a. warreni were available for comparison
with the Cuban material (T. a. americana).

1.3. Hemidactylus haitianus

The gecko genus Hemidactylus is comprised of approx-
imately 80 species, most of which occur in Asia and Africa
but with some species occurring in the New World. Geckos
in this genus are especially adapted to living with humans
and as a consequence are frequently dispersed around the
World. Of the five species known from the West Indies,
four also occur in the Old World: H. brooki (includes
H. ‘‘haitianus’’), H. garnotii, H. mabouia, and H. turcicus.
However, without genetic data or other evidence it is some-
times difficult to distinguish between a natural colonization
and human introduction. This is further confounded by a
paucity of useful scale characters for taxonomy and pattern
polymorphisms within populations.

In the case of H. haitianus Meerwarth, 1901 (treated as a
subspecies of H. brooki by some authors), it has been
argued that this West Indian taxon arose either by natural
dispersal from Africa (Kluge, 1969) or by human introduc-
tion (Vanzolini, 1978). Powell and Maxey (1990) reviewed
the taxonomic history of H. b. haitianus, and Powell (1993)
and Powell et al. (1996) treated H. b. haitianus as a full spe-
cies (H. haitianus) endemic to the West Indies. Recently, a
DNA sequence analysis of portions of two mitochondrial
genes helped to clarify some taxonomic confusion
involving species of the genus Hemidactylus (Carranza
and Arnold, 2006). Surprisingly, the two samples of
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Fig. 1. Distribution of two endemic species of geckos in the Greater Antilles. (a) Phyllodactylus wirshingi in Hispaniola and Puerto Rico. Letters
correspond to the three taxa: P. w. wirshingi (W) in Puerto Rico and P. w. hispaniolae (H) and P. w. sommeri (S) in Hispaniola. Circles and numbers
indicate samples used in the DNA sequence analyses (see Appendix A). (b) Tarentola americana in Cuba (Bahamian populations not shown). Shading
indicates known distribution. Circles (T. americana) and squares (a new cryptic species resembling T. americana) with numbers indicate samples used in the
DNA sequence analyses (see Appendix A).
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H. haitianus examined, both from western Cuba, appeared
nested among populations of an African species, H. angul-

atus (Hallowell, 1854) (previously considered a subspecies
of H. brooki). Specifically, they clustered closely (only
1.4% divergence) and significantly with a sample of that
species from Bioko Island, Equatorial Guinea. For this
reason, the authors concluded the H. haitianus may be con-
specific with H. angulatus.

To further clarify the taxonomic status of New World
geckos assigned to H. haitianus, Carranza and Arnold
(2006) suggested that Hispaniolan and Puerto Rican sam-
ples of H. haitianus should also be examined. Hispaniolan
material is especially pertinent because the type locality of
H. haitianus is ‘‘Haiti’’. To help resolve this question, we
have sequenced samples of H. haitianus from Cuba, His-
paniola, and Puerto Rico using the same gene fragments
used by Carranza and Arnold (2006).

2. Methods

2.1. Sample collection and DNA sequencing

Specimens were collected by hand at localities through-
out the Greater Antilles. Field and laboratory research was
approved by the Institutional Animal Care and Use Com-
mittee of Pennsylvania State University (#17632). Tissues
were removed and frozen in liquid nitrogen, or temporarily
transferred to the laboratory in 75% ethanol. The remain-
ing specimen was preserved. Tissues were maintained in the
laboratory at �80 �C. The specimens sampled, localities
(Fig. 1), laboratory numbers, and Genbank accession num-
bers are listed in the Appendix A.

DNA was extracted from tissue samples, amplified
(PCR) with primers spanning defined regions of genes,
and sequenced. Different combinations of four mitochon-
drial genes (12S rRNA, tRNA Valine, 16S rRNA, and
cytochrome b) and one nuclear gene (amelogenin) were
used with each project, reflecting the different questions
being addressed. The Hemidactylus project involved col-
lecting additional data for a larger project already pub-
lished (Carranza and Arnold, 2006) and therefore we
used the same genes (12S rRNA and cytochrome b). The
Tarentola project involved the resolution of a cryptic spe-
cies and therefore we selected a fast-evolving gene (cyto-
chrome b), and added a nuclear gene (amelogenin) for
corroboration. The Phyllodactylus project involved mor-
phologically divergent populations on different islands
and therefore we used genes evolving more slowly (12S
rRNA, tRNA-Valine, and 16S rRNA).

The primers used were (listed 5-prime to 3-prime, with
gene indicated in prefix of primer name): 12L8, CAG
CAGTRATWAAAATTA; 12G1H, CTGGYGACGG
CGGTATAYAGGC; 12G2L, AAACYCWAAGGACTT
GACGGTG; 12G2H, ACCATGATGCRARAGGTAC
GGG; 16G1L, TTAGGGACCAGCYTRACTGTCCA
CG; 16G1H, GGCCGTTTAAARTGGTTCACTGGG
CA; 16L40, CGAGCCTCATGATAGCTGGTTGCTCA;

16H45, GATTRYGCTACCTTTGCACGGTTAG; 16L9,
CGCCTGTTTATCAAAAACAT; 16H9, CCGGTCTGA
ACTCAGATCACGT; CBL14841, AAAAAGCTTCCAT
CCAACATCTCAGCATGATGAAA; CBH33, GGCAA
ATAGGAARTATCATTC; AMTA-L, ATCCACGTTAT
GGCTATGAACCTA; AMTA-R, GGACTGACAGGC
TGCATTGGGTGG. For the P. wirshingi project we used
the primers 12L8/12G1H, 12G2L/12G2H to obtain approx-
imately 1 kb of sequence from most of the 12S rRNA, the
complete tRNA Valine, and the beginning of the 16S rRNA
gene. We also obtained approximately 1 kb from the middle
of the 16S rRNA gene using primers 16G1L/16G1H (or
16L40/16H45) and 16L9/16H9. These two fragments were
combined in the analyses. A 646 bp portion of the
cytochrome b gene was amplified for the T. americana and
H. haitianus projects with primer pair CBL14841/CBH33.
Primers used in amplification of the 12S rRNA gene of
Hemidactylus included 12L8/12G1H and 12G2L/12G2H.
For T. americana, a small portion of the amelogenin gene
(308 bp) was amplified with the primers AMTA-L and
AMTA-R. Sequence alignments have been deposited in
Genbank.

2.2. Phylogenetic analyses

Following sequence alignment with CLUSTAL
(Thompson et al., 1997) in MEGA 3.1 (Kumar et al.,
2004), phylogenies were constructed using maximum likeli-
hood (ML), minimum evolution (ME), and Bayesian meth-
ods of inference, using PAUP 4b10 (Swofford, 2002) and
PHYML (Guindon and Gascuel, 2003), MEGA 3.1
(Kumar et al., 2004), and MrBayes 3.0 (Ronquist and
Huelsenbeck, 2003), respectively. ML analysis was con-
ducted with the best-fit model estimated using Modeltest
(Posada and Crandall, 1998), which was GTR + gamma
for the Phyllodactylus data set and TrN + I + gamma for
the Tarentola data set; model parameters were estimated
from the data. The ME analysis used the Tamura-
Nei + gamma model. The Bayesian analysis was run with
model parameters estimated from the data and used 106

generations in four chains, sampling every 100 generations,
with a burn-in of one-third of the sampled trees. The last
one-third of the sampled trees was used to construct a
majority-rule consensus tree. Statistical significance was
evaluated with bootstrapping (ML and ME, 2000 replica-
tions) and Bayesian posterior probabilities.

For the Phyllodactylus analyses, a New World species
(P. xanti) was included and Goggia lineata was added as
the outgroup. For the Tarentola analyses, several Old
World species were included: T. annularis (AF364322),
T. boehmi (AF364320), T. boettgeri (AF184997), T. darwini

(AF185047), T. deserti (AF364321), T. mauritanica

(AF364327), and Pachydactylus turneri (AF184990);
H. turcicus (AF184989) was added as the outgroup.
The H. haitianus analysis involved simple comparison
of DNA sequences and therefore did not require phylo-
genetic analysis.
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2.3. Divergence time analyses

No fossils of West Indian Phyllodactylus were available
for calibration. We could infer only rough time estimates
based on a clock calibration used elsewhere for geckos
and tied to a geologic event (Carranza and Arnold, 2006;
Carranza et al., 2000, 2002). We adjusted that calibration
so that it applied only to the 12S rRNA region in common
and we used corrected sequence divergence because uncor-
rected divergence, frequently used in the literature, is not
proportional with time. This sequence divergence was cal-
culated between groups (Kumar et al., 2004), using the
specified model. Relative rate tests (Tajima, 1993) were
used to test for rate variation in the lineages to be timed.

As with Phyllodactylus, no fossils were available for
direct calibration of West Indian Tarentola. Nonetheless,
a calibration point was available: the divergence of T.

americana from Old World species of Tarentola (13.6–
17 Ma) estimated by Carranza et al. (2002) using maximum
likelihood estimates of branch length. For this reason we
employed the Bayesian program Multidivtime (Thorne
and Kishino, 2002), using model parameter data generated
by ML in PAML (Yang, 1997). Most of the Bayesian pri-
ors used were based on instructions and recommendations
included in the software manual. The calibration (13.6–
17 Ma) and the expected time between tip and root (rttm,
24 Ma) were based on time estimates from the previous
analysis of Tarentola (Carranza et al., 2002). Experimenta-
tion was made with several other priors (see discussion
below).

3. Results and discussion

3.1. Phyllodactylus wirshingi

Our analyses of 1990 bp of DNA sequence data from the
12S rRNA, tRNA Valine and 16S rRNA genes yielded a
robustly supported tree (Fig. 2a). Each of the three taxa
are monophyletic and the two Hispaniolan taxa (P. w.
hispaniolae and P. w. sommeri) are closest relatives. The
clades themselves and their relationships are the same
and significant, using all three methods of analysis.

These new data bear on the taxonomy of the P. wirshingi

complex in the West Indies. The close genetic relationship
of samples within each taxon and deep divergence among
taxa provides additional support (beyond morphology)
for the recognition of three distinct taxa. The close rela-
tionships of samples within P. w. wirshingi and within P.

w. sommeri are not surprising because they came from
essentially the same populations (the two localities of P.

w. wirshingi are in close proximity). However, the two
localities sampled for P. w. hispaniolae are at opposite ends
of the distribution of that subspecies (�80 km apart) and
thus their close relationship is of greater significance in uni-
fying populations of that taxon.

The question then arises as to whether these three taxa
should be recognized as subspecies or species. Without

the evidence of coexistence (sympatry), any such decisions
are by their nature subjective. However, most taxonomists
rely on quantitative measures of difference, from morphol-
ogy and molecules, as guides in making such decisions. The
‘‘yardstick’’ for what constitutes a sufficient difference
between two allopatric taxa to recognize them as species
usually comes from comparisons of other valid (often sym-
patric) species in the same group, because different groups
will have different characters and different thresholds
(Hedges, 2002).

In the case of P. wirshingi, all three taxa as currently
known are allopatric and there is no evidence of intergra-
dation. Their diagnostic differences include scale characters
and pattern differences often used to diagnose different spe-
cies (Dixon and Huey, 1970; Schwartz, 1979), although
those characters are mostly not diagnostic if considered
individually. In terms of molecular divergence at these
two conserved ribosomal genes, the two Hispaniolan taxa
are separated by 6.0% sequence divergence and the Hispa-
niolan clade and Puerto Rican clade are separated by
15.0% sequence divergence. Such levels of divergence are
similar to or greater than differences observed between spe-
cies of other geckos using sequences of these mitochondrial
ribosomal genes (Hass, 1996). Considering all of this evi-
dence, we believe the taxa are more appropriately recog-
nized at the species level and therefore elevate the two
Hispaniolan taxa to full species: P. hispaniolae (n. comb.)
and P. sommeri (n. comb.).

Our time estimate for the divergence of the Antillean
clade from the mainland American species (P. xanti) was
21 Ma (early Miocene), based on its sequence divergence
of 39.2% and a rate of 1.85% sequence divergence per mil-
lion years. Other time estimates were 8.1 Ma (late Miocene)
for the split of the Hispaniolan clade and the Puerto Rican
clade, and 3.2 Ma (Pliocene) for the split of the two Hispa-
niolan species. Without inclusion of the other West Indian
species, P. pulcher from Barbados, and other mainland spe-
cies of the genus, it is not possible to infer either the time of
origin or source area for the Greater Antillean species.
However, the comparison with P. xanti suggests that this
clade arose by overwater (flotsam) dispersal during the
middle to late Cenozoic and was not an ancient inhabitant
of the proto-Antilles. The various models that have been
proposed to explain the historical biogeography of the
West Indian herpetofauna are reviewed elsewhere (Hedges,
1996a, 2001, 2006).

3.2. Tarentola americana

Our analyses of sequences from the mitochondrial
cytochrome b gene define two deeply split and statistically
significant clades within T. americana (Fig. 2b). One large
clade comprises specimens allocated to the large species
T. americana whereas the other comprises four specimens
of the smaller, undescribed cryptic species of Cuban
Tarentola. Within the large clade, all of the specimens from
eastern Cuba form a significant group and the specimen
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from central Cuba (Trinidad) forms the basal lineage.
Sequences of the small fragment of the nuclear gene amelo-
genin were highly conserved, showing variation at only sev-
en sites among Tarentola. Although the same two clades
formed in the tree (not shown), corroborating the evidence
from the cytochrome b analyses for the recognition of a
cryptic species, none of the nodes were significant, as
expected with such few variable sites.

The new species is completely sympatric with T. ameri-

cana and is considerably smaller in body size. For example,
the type specimen of T. americana is 99 mm snout-vent
length (Gray, 1831; Loveridge, 1944) and the species reach-
es snout-vent lengths of 120 mm (Schwartz and Henderson,
1991) whereas adults of the new species are approximately
40 mm in snout-vent length. The morphological descrip-
tion of the new species and complete discussion of the

taxonomic history of T. americana will be made elsewhere
(L. Diaz and S.B.H., unpublished).

We have no material of the Bahamian taxon T. america-

na warreni for sequence comparisons and therefore cannot
comment on its taxonomic status other than to say that its
large size, up to 92 mm SVL (Schwartz, 1968), eliminates
the possibility that the new cryptic Cuban species is associ-
ated with that taxon. The relatively deep split between T.

americana from central Cuba and the clade from eastern
Cuba is interesting in that distribution of the species within
Cuba shows a gap of 400–500 km between those two areas,
aside from localities in the southern archipelago of Jardines
de al Reina (Schwartz and Henderson, 1991). This suggests
that populations of T. americana from central and western
Cuba (also large in size) may warrant recognition as a sep-
arate species, after further study. The distinctiveness of the
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Fig. 2. (a) Relationships of geckos of the genus Phyllodactylus from the Greater Antilles inferred from a minimum evolution analysis of mitochondrial
DNA sequences (12S rRNA, tRNA Valine, and 16S rRNA). Confidence values are indicated at nodes (ML/ME/Bayesian posterior probabilities) when
one or both bootstrap values (ML or ME) are significant (95% or higher). Numbers following species names are sample reference numbers (see Appendix
A). (b) Relationships of geckos of the genus Tarentola from Cuba inferred from a minimum evolution analysis of mitochondrial DNA sequences
(cytochrome b). Confidence values are indicated at nodes (ML/ME/Bayesian posterior probabilities) when one or both bootstrap values (ML or ME) are
significant (95% or higher). Numbers following species names are sample reference numbers (see Appendix A).
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populations from Isla de Pinos was already noted by Sch-
wartz (1968). Thus, West Indian Tarentola may represent a
complex of species.

In estimating divergence times among Tarentola, it was
discovered that two of the Bayesian priors, the mean
(brownmean) and standard deviation (brownsd) of the pri-
or for the Brownian motion constant ‘‘nu,’’ had unexpect-
edly strong affects on the estimates. There is no
justification for any particular value for these priors,
although most users set them so that the product of rttm
(ingroup root time) and brownmean is in the range 1–2,
based on a suggestion of the software author (J. Thorne).
Nonetheless, some authors have used values as low as 0.2
for the product of rttm and brownmean (Yoder and Yang,
2004). For the Tarentola data set, setting rttm · brown-
mean to 1.0 resulted in time estimates that were pulled
strongly towards the calibration point. The divergence of
T. americana and the small, cryptic species on Cuba was
14.1 Ma (11.5–16.3 Ma, 95% credibility interval) and the
divergence of the central Cuban lineage (T. americana-8)
from the eastern Cuban lineage of T. americana was 10.6
(7.0–13.8) Ma. The bias was obvious in the time estimates
for the closely related sequences, of individuals of the same
species from the same population: they had small sequence
divergences (1–3% of the calibration node) yet had large
time estimates of 3–5 Ma (20–25% of the calibration node
time). In contrast, a global clock analysis estimated the
divergence times of different individuals from the same
populations (among T. americana and among T. new
species) as <1 Ma, which is consistent with expectations
of allelic diversity among individuals within a population
of a small vertebrate. Such systematic overestimation of
recent divergence times, using Bayesian methods, has been
noted elsewhere (Ho et al., 2005), although the bias is not
yet fully understood.

Based on these findings we set rttm · brownmean to 0.2
and placed an upper constraint of 1.0 Ma on the basal
nodes containing sequences of the same species from the
same population. The resulting times, which we believe
are more realistic, are 11.4 (7.2–15.2) Ma for the split
between the large and small Cuban species and 5.5 (2.8–
9.1) Ma for the split between the central and eastern Cuban
large Tarentola. Corresponding dates for those two nodes
based on a global clock (linearized tree) analysis (Kumar
et al., 2004) were 12.3 and 5.3 Ma, respectively. These dates
indicate a long occupation and diversification (�15 million
years) of this genus of geckos on Cuba, following a remark-
able �5000 km journey on flotsam across the Atlantic from
Africa.

3.3. Hemidactylus haitianus

We sequenced 12S rRNA (942 bp) and cytochrome
b (543 bp) in five individuals of this species, resulting in
a total of 1485 bp. Two samples were from eastern Cuba,
two were from Hispaniola, and one was from Puerto Rico.
The sequences were all identical. Carranza and Arnold

(2006) sequenced shorter regions of those genes in their
Hemidactylus study, including 399 bp of 12S rRNA and
303 bp of cytochrome b, but their two sequences of H. hai-

tianus from western Cuba were identical to each other and
to our sequences at all 702 common nucleotide sites. Thus,
no phylogenetic analysis was needed. Such a lack of genet-
ic variation is expected in organisms that have dispersed
recently, as a result of human introduction. Members of
the H. brooki complex, including this taxon, are well
known for being ‘‘weedy’’ species that are frequently trans-
ported by humans (Carranza and Arnold, 2006).

These new data now help to resolve the taxonomic
status the West Indian geckos currently called either
H. brooki or H. haitianus. Because they show virtually
no genetic variation throughout the Greater Antilles,
and they cluster very closely with one population (Bioko
Island, Equatorial Guinea) of an African species, H.

angulatus, we hereby consider H. haitianus to be a junior
synonym of H. angulatus. Thus, all West Indian geckos
formerly referred to H. brooki or H. haitianus are
assigned to H. angulatus. Given the strong, unidirection-
al trade in slaves that occurred between West Africa and
the West Indies for several hundred years, it is likely
that H. angulatus reached the West Indies by this
mechanism.

Carranza and Arnold (2006) pointed out that the genetic
variation observed among populations of H. angulatus sug-
gests that a future revision of that species may reveal that it
is a complex of species. If that happens, it is conceivable
that resurrection of the name H. haitianus might be neces-
sary, for the clade that includes both African and West
Indian populations. The generalized type-locality of H.

angulatus, ‘‘West coast of Africa’’ (Hallowell, 1854),
although possibly restricted to Liberia based on other
information in the description, does not currently offer res-
olution of this question.
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Appendix A. Species, localities, and sequence accession

numbers

In the following list, localities are provided for each
sample, followed by the laboratory tissue collection num-
ber, and (in parentheses) sample reference number (if used
in figures and if more than one individual of a taxon) and
Genbank sequence accession numbers.
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A.1. Phyllodactylus analyses

Goggia lineata—South Africa: Northern Cape; Richters-
ueld, 267107 (AY763261, AY763274).

Phyllodactylus hispaniolae—Dominican Republic: Bar-
ahona Province; 12 km E. Canoa, 102913 (1, AY763265,
AY763286). Independencia Province; 5.1 km NW La Des-
cubierta, 194517 (2, AY763272,AY763283).

P. sommeri—Haiti: L’Artibonite; 10.4 km NW Ca Sol-
eil, 160727 (1, AY763266, AY763278), 160736 (2,
AY763267, AY763279).

P. wirshingi—Puerto Rico: Playa de Tamarindo, 101728
(1, AY763262, AY763275), 101729 (2, AY763263,
AY763276), 101730 (3, AY763264, AY763277), 171742
(4, AY763268, AY763280), 171743 (5, AY763269,
AY763285), 171744 (6, AY763270, AY763281). Puerto
Rico, Bahia de la Ballena, 190729 (7, AY763271,
AY763282).

P. xanti—Mexico: Baja California, Isla de la Ventana,
267,106 = Museum of Vertebrate Zoology 161152
(AY763273, AY763284).

A.2. Tarentola analyses

Tarentola americana—Cuba: Guantanamo Bay US
Naval Station, 161873 (1, EF202100), 161874 (2,
EF202101), 161875 (3, EF202102), 161876 (4, EF202103,
EF202126), 161880 (5, EF202104), 161949 (6, EF202105),
171004 (7, EF202106, EF202121). Cuba: Sancti Spiritus;
Trinidad, 172911 (8, EF202107, EF202128). Guantánamo;
Boca de Yumuri, 190225 (9, EF202108, EF202122); Loma
Redonda (5 km NW Hatibonico), 190969 (10, EF202109,
EF202124); Yacabo Abajo, 190242 (11, EF202110,
EF202123); 4.9 km S La Tinta 191265 (12, EF202111,
EF202125); 7 km SW Baitiquiri, 191370 (13, EF202112,
EF202127).

T. sp. nov—Cuba: Guantánamo; Loma Redonda (5 km
NW Hatibonico), 190970 (1, EF202113, EF202119);
3.9 km N Hatibonico, 191571 (4, EF202114, EF202120).
Santiago de Cuba; south side of Laguna Baconao,
190617 (2, EF202115, EF202117); 190618 (3, EF202116,
EF202118).

A.3. Hemidactylus analyses

Hemidactylus angulatus—Cuba: Santiago de Cuba; San-
tiago de Cuba, 190301 (EF202132, EF202137). Guantána-
mo; La Ascunción, 190302 (EF202133, EF202138).
Dominican Republic: Pedernales; Isla Alto Velo, 266202
(EF202130, EF202135, EF202129). La Altagracia; Higuey,
192437 (EF202134, EF202139). Puerto Rico: Guanica For-
est Reserve, 101829 (EF202131, EF202136).

References

Bauer, A.M., Russell, A.P., 2003. Phyllodactylus wirshingi. Cat. Am.
Amph. Rept. 770, 1–4.

Bauer, A.M., Good, D.A., Branch, W.R., 1997. The taxonomy of the
southern African leaf-toed geckos (Squamata: Gekkonidae), with a
review of Old World ‘‘Phyllodactylus’’ and the description of five new
genera. Proc. Calif. Acad. Sci. 49, 447–497.

Carranza, S., Arnold, E.N., 2006. Systematics, biogeography, and
evolution of Hemidactylus geckos (Reptilia : Gekkonidae) eluci-
dated using mitochondrial DNA sequences. Mol. Phyl. Evol. 38,
531–545.

Carranza, S., Arnold, E.N., Mateo, J.A., Lopez-Jurado, L.F., 2000. Long-
distance colonization and radiation in gekkonid lizards, Tarentola

(Reptilia : Gekkonidae), revealed by mitochondrial DNA sequences.
Proc. Roy. Soc. Lond. B Biol. 267, 637–649.

Carranza, S., Arnold, E.N., Mateo, J.A., Geniez, P., 2002. Relationships
and evolution of the North African geckos, Geckonia and Tarentola

(Reptilia : Gekkonidae), based on mitochondrial and nuclear DNA
sequences. Mol. Phyl. Evol. 23, 244–256.

Dixon, J.R., Huey, R.B., 1970. Systematics of the lizards of the gekkonid
genus Phyllodactylus of mainland South America. Contributions in
Science, Los Angeles County Museum of Natural History 192, 1–78.

Gray, A., 1831. Platydactylus americanus. In: Cuvier, G. (Ed.), The
Animal Kingdom. Whittaker, London, p. 48.

Guindon, S., Gascuel, O., 2003. A simple, fast, and accurate algorithm to
estimate large phylogenies by maximum likelihood. Syst. Biol. 52,
696–704.

Guppy, H.B., 1917. Plants, Seeds, and Currents in the West Indies and
Azores. Williams and Northgate, London.

Hallowell, E., 1854. Description of new species of Reptilia from western
Africa. Proc. Acad. Nat. Sci. Philadelphia 64, 62–65.

Hass, C.A., 1996. Relationships among West Indian geckos of the genus
Sphaerodactylus: a preliminary analysis of mitochondrial 16S ribo-
somal RNA sequences. In: Powell, R., Henderson, R.W. (Eds.),
Contributions to West Indian Herpetology: A Tribute to Albert
Schwartz. Society for the Study of Amphibians and Reptiles, Ithaca,
NY, pp. 175–194.

Hedges, S.B., 1996a. Historical biogeography of West Indian vertebrates.
Annu. Rev. Ecol. Syst. 27, 163–196.

Hedges, S.B., 1996b. The origin of West Indian amphibians and reptiles.
In: Powell, R., Henderson, R.W. (Eds.), Contributions to West Indian
Herpetology: A Tribute to Albert Schwartz. Society for the Study of
Amphibians and Reptiles, Ithaca, NY, pp. 95–127.

Hedges, S.B., 2001. Caribbean biogeography: an outline. In: Woods, C.A.,
Sergile, F.E. (Eds.), Biogeography of the West Indies: Patterns and
Perspectives. CRC Press, Boca Raton, FL, pp. 15–33.

Hedges, S.B., 2002. Morphological variation and the definition of species
in the snake genus Tropidophis (Tropidophiidae). Bull. Nat. Hist.
Museum (London), Zool. Ser. 68, 83–90.

Hedges, S.B., 2006. Paleogeography of the Antilles and the origin of West
Indian terrestrial vertebrates. Ann. Mo. Bot. Gard. 93, 231–244.

Ho, S.Y.W., Phillips, M.J., Cooper, A., Drummond, A.J., 2005. Time
dependency of molecular rate estimates and systematic overestimation
of recent divergence times. Mol. Biol. Evol. 22, 1561–1568.

Joger, U., 1984. Taxonomische Revision der Gattung Tarentola (Reptilia:
Gekkonidae). Bonn Zool. Beitr. 35, 129–174.

Joger, U., 1985. The African gekkonine radiation: preliminary phyloge-
netic results, based on quantitative immunological comparisons of
serum albumins. In: Schuchmann, K.L. (Ed.), Proceedings of the
International Symposium on African Vertebrates: Systematics, Phy-
logeny, and Evolutionary Ecology. Zoologisches Forschungsinstitut
und Museum Alexander Koenig, Bonn.

Kerster, H.W., Smith, H.M., 1955. The identity of the Puerto Rican
species of Phyllodactylus (Reptilia: Squamata). Herpetologica 11, 229–
232.

Kluge, A.G., 1969. The evolution and geographical origin of the New
World Hemidactylus mabouia-brookii complex (Gekkonidae, Sauria).
Misc. Publ. Mus. Zoology. Univ. Mich. 138, 1–78.

Kumar, S., Tamura, K., Nei, M., 2004. MEGA 3: Integrated software for
molecular evolutionary genetics analysis and sequence alignment.
Briefings Bioinf. 5, 150–163.

A.J. Weiss, S.B. Hedges / Molecular Phylogenetics and Evolution 45 (2007) 409–416 415



Author's personal copy

Loveridge, A., 1944. Certain American geckos of the genus Tarentola.
Copeia 1944, 18–20.

Posada, D., Crandall, K.A., 1998. Modeltest: testing the model of DNA
substitution. Bioinformatics 14, 817–818.

Powell, R., 1993. Comments on the taxonomic arrangement of some
Hispaniolan amphibians and reptiles. Herpet. Rev. 24, 135–137.

Powell, R., Maxey, S.A., 1990. Hemidactylus brookii. Catalog of
American Amphibians and Reptiles 493, 1–3.

Powell, R., Henderson, R.W., Adler, K., Dundee, H.A., 1996. An
annotated checklist of West Indian amphibians and reptiles. In:
Powell, R., Henderson, R. (Eds.), Contributions to West Indian
Herpetology: a Tribute to Albert Schwartz. Society for the Study of
Amphibians and Reptiles, Ithaca, NY, pp. 51–93.

Ronquist, F., Huelsenbeck, J.P., 2003. MrBayes 3: Bayesian phylogenetic
inference under mixed models. Bioinformatics 19, 1572–1574.

Schwartz, A., 1968. Geographic variation in the New World geckkonid
lizard Tarentola americana Gray. Proc. Biol. Soc. Wash. 81, 123–142.

Schwartz, A., 1979. The Status of Greater Antillean Phyllodactylus

(Reptilia, Gekkonidae). J. Herpetol. 13, 419–426.
Schwartz, A., Henderson, R.W., 1991. Amphibians and Reptiles of the

West Indies: Descriptions, Distributions, and Natural History. Uni-
versity of Florida Press, Gainesville.

Sprackland, R.G., Swinney, G.N., 1998. A new species of giant gecko of
the genus Tarentola (Reptilia : Squamata : Gekkonidae) from Jamaica.
J. Zool. 245, 73–78.

Swofford, D.L., 2002. PAUP*: Phylogenetic Analysis Using Par-
simony and Other Methods. Sinauer Associates, Sunderland,
MA.

Tajima, F., 1993. Simple methods for testing the molecular evolutionary
clock hypothesis. Genetics 135, 599–607.

Thompson, J.D., Gibson, T.J., Plewniak, F., Jeanmougin, F., Higgins,
D.G., 1997. The CLUSTAL X windows interface: flexible strategies
for multiple sequence alignment aided by quality analysis tools. Nucl.
Acid Res. 25, 4876–4882.

Thorne, J.L., Kishino, H., 2002. Divergence time and evolu-
tionary rate estimation with multilocus data. Syst. Biol. 51,
689–702.

Vanzolini, P.E., 1978. On South American Hemidactylus (Sauria, Gekk-
onidae). Pap. Avulsos Zool. 31, 307–343.

Yang, Z., 1997. PAML: a program package for phylogenetic analysis by
maximum likelihood. CABIOS 13, 555–556.

Yoder, A.D., Yang, Z., 2004. Divergence dates for Malagasy lemurs
estimated from multiple gene loci: geological and evolutionary context.
Mol. Ecol. 13, 757–773.

416 A.J. Weiss, S.B. Hedges / Molecular Phylogenetics and Evolution 45 (2007) 409–416


