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Abstract

Mitochondrial DNA (12S rRNA, 16S rRNA) sequences were analysed within Tarentola mauritanica and other selected species of

Tarentola. Several highly genetically distinct lineages occur in North Africa, revealing phylogroups in southern and central Mo-

rocco, northern Morocco, Algeria, Tunisia, and Libya. A single haplotype characterizes populations across Spain, Portugal, Italy,

Menorca, Crete, and Tunisia raising the possibility of an anthropogenic introduction followed by rapid population expansion

throughout southern Europe. T. mauritanica is paraphyletic with respect to T. angustimentalis, a Canary islands endemic. The high

genetic diversity observed across North Africa suggests T. mauritanica may represent a species complex.

� 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Tarentola (Reptilia, Gekkonidae) contains some 22

morphologically similar species, which occur in North

Africa, coastal regions of the Mediterranean sea,

Macaronesian islands (Selvagens, Canaries, and the

Cape Verde) and also Cuba and the Bahamas.

Tarentola mauritanica is widespread in North Africa

from the Mediterranean to the Sahara, and similarly in

the Iberian Peninsula, the Mediterranean coast of
France, Italy, and has isolated populations in Greece,

Israel, and many Mediterranean islands (Mart�ınez-
Rica, 1997). While some populations are known to be

introduced, e.g., Madeira and South America, there

is speculation that some of the eastern European

populations also represent anthropogenic introductions

(Joger, 1984; Mart�ınez-Rica, 1997). The genus

Tarentola has been widely studied phylogenetically
(Carranza et al., 2000, 2002; Jesus et al., 2002), as well
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as phylogeographically for some species (G€ubitz et al.,

2000). In both the Canary and Cape Verde islands,
morphologically conservative species have been shown

to contain genetically distinct lineages (Carranza et al.,

2000; Jesus et al., 2002). Tarentola mauritanica appears

to be paraphyletic with respect to T. angustimentalis

from the Canary islands, although intraspecific

sampling in this survey was limited (Carranza et al.,

2000). Therefore, we attempted to sample T. maurita-

nica across its range to test more rigorously the
monophyly of the species. Assessment of levels of

genetic variation might also give an indication whether

some populations were introduced.
2. Materials and methods

The number and geographic locations of the speci-
mens used in this study are given in Table 1 and Fig. 1.

We analysed all four accepted subspecies of T. mauri-

tanica, and also the sympatric species T. deserti and T.

boehmei. Total genomic DNA was extracted from small

pieces of tail using standard methods (Sambrook et al.,

mail to: james@mail.icav.up.pt


Table 1

Sample code and locality of specimens used for this study

Species Locality Code

Tarentola m. mauritanica Zahara de los Atunes,

Spain

Tm1

Tarentola m. mauritanica Zahara de los Atunes,

Spain

Tm2

Tarentola m. mauritanica Barcelona, Spain Tm3

Tarentola m. mauritanica Barrosa, Spain Tm4

Tarentola m. mauritanica Barrosa, Spain Tm5

Tarentola m. mauritanica Monte Clerigo,

Portugal

Tm6

Tarentola m. mauritanica Monte Clerigo,

Portugal

Tm7

Tarentola m. mauritanica Bab Taza, Morocco Tm8

Tarentola m. mauritanica Bab Taza, Morocco Tm9

Tarentola m. mauritanica Bab Taza, Morocco Tm10

Tarentola m. juliae Tizi-n-Test, southern

Morocco

Tm11

Tarentola m. mauritanica Jebel Zebla, Tunisia Tm12

Tarentola m. mauritanica Kebir, Tunisia Tm13

Tarentola m. mauritanica Tabarka, Tunisia Tm14

Tarentola m. mauritanica Ercolano, Italy Tm15

Tarentola m. mauritanica Taza, Morocco Tm16

Tarentola m. mauritanica Garajau, Madeira Tm17

Tarentola boettgeri Gran Canaria Tb18

Tarentola angustimentalis Lanzarote Ta19

Tarentola angustimentalis Lanzarote Ta20

Tarentola m. fascicularis Libya/Egypt border Tm21

Tarentola m. fascicularis Maquis, Libya Tm22

Tarentola m. fascicularis Om Arazam, Libya Tm23

Tarentola m. mauritanica Moni Vosakou, Crete Tm24

Tarentola m. mauritanica Kolokytha island,

Crete

Tm25

Tarentola m. fascicularis Tobruk, Libya Tm26

Tarentola m. mauritanica Al Jadida, Morocco Tm32

Tarentola m. mauritanica Oulad Brahim,

Morocco

Tm35

Tarentola m. mauritanica Oulad Brahim,

Morocco

Tm36

Tarentola m. pallida Massa,

southern Morocco

Tm51

Tarentola m. pallida Merght,

southern Morocco

Tm52

Tarentola m. mauritanica Lithica, Menorca Tm59

Tarentola m. mauritanica Lithica, Menorca Tm60

Tarentola m. mauritanica Lithica, Menorca Tm61

Tarentola deserti Erfoud, Morocco Td55

Tarentola deserti Erfoud, Morocco SC62

Tarentola m. mauritanica Abdelmaleh Rahmd,

Algeria

SC63

Tarentola boehmei Akka Ighane,

Morocco

SC64
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1989). Primers used in both amplification and sequenc-

ing were 16SL and 16SH and 12Sa and 12Sb from

Kocher et al. (1989). Amplification conditions were the

same as described by Harris et al. (1998). Amplified

fragments were sequenced on a 310 Applied Biosystem

DNA Sequencing Apparatus. Sequences were aligned

using Clustal W (Thompson et al., 1994). The 16S

rRNA and 12S rRNA sequences were, respectively, 521
and 366 base pairs long. The 12S rRNA sequences from

one individual of T. mauritanica from Algeria, T. deserti
and T. boehmei had been previously published (Car-
ranza et al., 2002).

Sequences were imported into PAUP� 4.0b10 (Swof-

ford, 2003) for phylogenetic analysis. For the phyloge-

netic analysis of the combined data, we used maximum

likelihood (ML), maximum parsimony (MP), and

Bayesian inference. When estimating phylogenetic rela-

tionships among sequences, one assumes a model of

evolution. We used the approach outlined by Huelsen-
back and Crandall (1997) to test 56 alternative models

of evolution, employing PAUP� 4.0b10 and Modeltest

[Posada and Crandall (1998) described in detail in Po-

sada and Crandall (2001)]. Once a model of evolution

was chosen, it was used to estimate a tree using ML

(Felsenstein, 1981) with random sequence addition (10

replicate heuristic search). The MP analysis was also

carried out with random sequence addition (100 repli-
cate heuristic search), and support for nodes estimated

using the bootstrap technique (Felsenstein, 1985) with

1000 replicates. The Bayesian analysis was implemented

using MrBayes (Huelsenback and Ronquist, 2001),

which calculates Bayesian posterior probabilities using a

Metropolis-coupled, Markov chain Monte Carlo (MC–

MCMC) sampling approach. Bayesian analyses were

conducted with random starting trees, run 0.5� 106

generations, and sampled every 10 generations using a

general-time-reversible model of evolution with a gam-

ma model of among site rate variation. In both searches,

stationarity of the Markov chain was determined as the

point when sampled log likelihood values plotted

against generation time reached a stable mean equilib-

rium value; ‘‘burn-in’’ data sampled from generations

preceding this point were discarded. All data collected at
stationarity were used to estimate posterior nodal

probabilities and a summary phylogeny. Two indepen-

dent replicates were conducted and inspected for con-

sistency to check for local optima (Huelsenback and

Bollback, 2001).
3. Results

In total, 38 taxa were included for a total of 887 base

pairs; ML, MP, and Bayesian analyses gave congruent

estimates of relationships (Fig. 2). Following Carranza

et al. (2002), T. boettgeri was used to root the trees, as it

is clearly separate from the T. mauritanica/T. angusti-

mentalis group. The most appropriate model for the

combined data was the GTR model with an estimate of
invariable sites (0.512) and a discreet approximation of

the gamma distribution (0.822). The ML heuristic search

using this model found a single tree of )ln 3253.

Bayesian analysis produced an identical estimate of re-

lationships. For MP 159 characters were informative,

and the MP search found two trees of 405 steps. The

50% bootstrap consensus tree derived from the MP



Fig. 1. Map showing the sampling localities of Tarentola sequenced for this study. Codes are given in Table 1. The 12S rRNA sequences from samples

SC62, 63, and 64 were previously published (Carranza et al., 2002).
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analysis differed only from the ML tree in that it was less

well resolved (Fig. 2). In all analyses five clades, all with

100% Bayesian support, can be identified. One group is

made up of specimens of T. m. mauritanica from across

Europe, including Spain, Portugal, Menorca, Italy, and

Crete, and of those samples from Tunisia. All are

identical for these regions of the mtDNA. Sister taxa to

these are samples from southern and central Morocco,
including three subspecies, T. m. mauritanica, T. m. ju-

liae, and T. m. pallida. A third clade includes the two

samples of T. angustimentalis from the Canary is-

lands, while a fourth includes samples from northern

Morocco. These four clades are strongly supported as a

group. The fifth clade can also be divided into subclades.

One comprises three individuals of T. mauritanica from

Libya, another one T. mauritanica from Libya and one
T. deserti from Morocco, and separately an individual

of T. mauritanica from Algeria.
4. Discussion

Based on our analysis of 12S and 16S rRNA

T. mauritanica is clearly paraphyletic with respect to
T. augustimentalis. In all analyses, T. augustimentalis is

more closely related to most T. mauritanica popula-

tions relative to those from Libya and Algeria. Several

genetic lineages can be identified most of which have

some geographical coherency. These lineages are highly

genetically differentiated. For example based only on

the 16S rRNA the uncorrected genetic distance be-

tween samples from Libya and those from Tunisia is
over 8%, and between North and South Morocco 5%.

In a phylogeographic study of the Agamid lizard

Agama impalearis in Morocco, maximum intraspecific

sequence variation for the same region of 16S rRNA

was 2.6% (Brown et al., 2002) and this was considered

‘‘surprisingly large and represents one of the most

substantial within-species divergences described.’’ Thus

the genetic variation between these lineages is far
higher than typically found within other reptile species.

However, all the samples from Europe, including

Portugal, Spain, Menorca, Italy, and Crete shared a

single haplotype that was also found in Tunisia. Pop-

ulations spanning such a widespread, disjunct area

sharing a single haplotype for these respective gene

regions is similarly extraordinary. However, geckos are

often introduced by man and these colonizing popu-
lations can spread rapidly; T. mauritanica was intro-

duced to Madeira only 15 years ago, and has already

spread over a 16 km stretch of coast (D.J.H., pers.

obs.). It is quite feasible that T. mauritanica was in-

troduced to Europe from North Africa anthropogeni-

cally thousands of years ago, and has thus had plenty

of time to expand. Was this the case, it would represent

the largest colonization of any non-indigenous reptile
in Europe. Highly variable markers, such as microsat-

ellites, would be needed to confirm this. The more re-

cent colonization of Madeira clearly involved the

European mtDNA lineage, rather than a closer North

African lineage.

While this study concentrated on T. mauritanica, we

included two individuals of T. deserti, one of which had

been included in a previous phylogenetic analysis (Car-



Fig. 2. Tree derived from an ML search using the model described in the text for the combined 12S and 16S rRNA sequences. Bayesian analysis gave

an identical estimate of relationships. Bootstrap values (>50%) for MP are given above the nodes, and Bayesian probabilities are given below the

nodes. The tree was rooted using T. boettgeri.
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ranza et al., 2002). Both were collected from the same

area of southern Morocco, but while one is closely re-

lated to T. boehmei the other appears in a separate clade

more closely related to T. mauritanica from Libya.

While it is impossible to draw substantial conclusions

from only two individuals, this species deserves further

investigation.
On average geckos appear to have higher levels of

mtDNA divergence between species than other lizards

(Harris, 2002), and several studies since then have

shown intra-specific variation in different gecko groups

far higher than is typically seen between species of ver-

tebrates (e.g., Lamb and Bauer, 2000, 2002). Jesus et al.

(2002) compared mtDNA variation in Tarentola from

the Cape Verde islands and concluded that mtDNA
variation was high between species relative to other
reptiles from the same islands. The same is seen in this

study. This could be an artefact of taxonomy—perhaps

geckos are more morphologically conservative so that

cryptic species have been overlooked. This phenomenon

deserves further investigation.
5. Conclusions

The strongly supported paraphyly of T. mauritanica

combined with the high levels of mtDNA divergence

among populations is suggestive of a species complex. It

appears likely that T. mauritanica was introduced in

Europe. Other gecko species, e.g.,Hemidactylus turcicus,

should also be analysed genetically to see if they too are
anthropogenic introductions in Europe.
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