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Genetic variation within Saurodactylus and its phylogenetic
relationships within the Gekkonoidea estimated from mitochondrial

and nuclear DNA sequences

Catarina Rato, David James Harris*

Abstract. Phylogenetic relationships of the three morphological forms within the gecko genus Saurodactylus were estimated
using mtDNA (12S rRNA and ND4) sequences. High between morphological forms variation (up to 25% with ND4), confirms
that all three deserve specific status. Saurodactylus mauritanicus and Saurodactylus brosseti are strongly supported as sister
taxa. Our results again highlight the extremely high mtDNA variability almost universally reported from within gecko species.
The position of Saurodactylus within the Gekkonoidea was also investigated. Although considered as a member of the
sphaerodactyl geckos, its taxonomic position is still highly uncertain. Evaluation of C-mos nuclear DNA sequences supports
many of the recent taxonomic rearrangements within the Gekkonoidea. Using this marker, Saurodactylus is paraphyletic, with
S. mauritanicus and S. brosseti sister taxa to Teratoscincus przewalskii rather than Saurodactylus fasciatus. This is supported
by a further nuclear marker, RAG1, although for this gene region sampling is more limited. Based on this paraphyly, supported
by two independent nuclear markers, we suggest it likely that Saurodactylus will need to be partitioned into two genera,
pending further investigations.

Introduction

The genus Saurodactylus is endemic to the
Maghreb, a region of North Africa encom-
passing Morocco and Algeria. Three species
are typically recognized, namely Saurodacty-
lus fasciatus, S. mauritanicus and S. brosseti
(Bons and Geniez, 1996) although S. brosseti is
sometimes considered a subspecies of S. mau-
ritanicus (Schleich et al., 1996). Saurodacty-
lus mauritanicus occurs in the North-East of
Morocco and Western Algeria, S. brosseti is
a Moroccan endemic confined to the perime-
ter Azemmour-Beni Mellal-Aouinet Torkoz-
Tarfaya, while S. fasciatus is also a Moroccan
endemic, found in the North and West of the
High Atlas and Southeast of the Rif (Bons and
Geniez, 1996) (fig. 1).

Following the development of phylogeogra-
phy as a formal discipline (Avise et al., 1987)
surveys of intraspecific variation have become
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commonplace, but are still biased towards tem-
perate regions such as Europe and North Amer-
ica (Harris and Froufe, 2005). The few re-
cent studies comparing postglacial demography
of species across latitudinal gradients suggest
that indeed the bottleneck effects typically de-
tected in northern species are absent in south-
ern ones (Lessa et al., 2003; Pinho et al., 2007).
In such circumstances, phylogeographic analy-
ses of non-temperate regions are particularly
needed to assess current and historical biodi-
versity patterns. Due to its geology, topography,
climate, flora and fauna, Maghreb forms a dif-
ferent and well defined region compared to the
rest of the African continent (Bons and Geniez,
1996). Several phylogeographic studies of rep-
tiles have recently been carried out in this area,
and many have revealed high levels of intraspe-
cific variation, such that the existence of cryptic
species has been proposed (Brown et al., 2002;
Harris et al., 2004b, 2004c; Mendonça and Har-
ris, 2007). In some cases geological features,
such as the Moulouya river valley or the At-
las mountains, have been proposed as the cause
of the observed discontinuities (Álvarez et al.,
2000; Brown et al., 2002 respectively). Compar-
ative phylogeographic analyses of other groups
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Figure 1. Distribution of Saurodactylus mauritanicus Saurodactylus brosseti and Saurodactylus fasciatus

following Cox et al. (2006). The symbols in the map correspond to the different taxa and their sampling locations:
the symbol represents the individuals from Saurodactylus mauritanicus; corresponds to all Saurodactylus fasciatus; and

to Saurodactylus brosseti.

endemic to this region, such as Saurodactylus,
are important to further unravel the patterns of
biodiversity in this interesting but greatly under-
studied region.

With respect to the systematics, Kluge (1995)
considered the genus Saurodactylus to ally with
the sphaerodactyline lineage. Kluge (1967a)
recognized the sphaerodactyls as a subfamily
and demonstrated them as highly derived from
within the gekkonines. This confirmed their
monophyly while obviating their recognition as
a higher order group, as such recognition would
render the Gekkoninae paraphyletic (Russel and
Bauer, 2002). Arnold (1993) and Kluge (1995)
based on ecology, morphology and behavior
proposed that Cnemaspis, Narudasia, Queden-
feldtia, Saurodactylus and Pristurus together
with Sphaerodactylus comprised the sphaero-
dactyl lineage, and again suggested the para-
phyly of the Gekkoninae. However, following
Han et al. (2004) using C-mos nuclear DNA
sequences, the taxa Cnemaspis and Narudasia
do not appear as closely related or belonging
to the sphaerodactyline lineage, but are recog-
nized as taxa within a monophyletic Gekkoni-
nae. Han et al. (2004) tentatively proposed rais-
ing the sphaerodactyl lineage to the subfamily

level, as sister taxa to the remaining member-
sof the Gekkonidae. Saurodactylus was not in-
cluded in this study, and therefore its taxonomic
relationships remained unclear.

A comparison of nuclear and mtDNA mark-
ers within Saurodactylus is also of interest for
testing a recent hypothesis regarding expected
levels of sequence variation. Jesus et al. (2006)
report that unprecedented high levels of in-
traspecific mtDNA variation are often reported
for geckos (e.g. Austin et al., 2004; Harris et al.,
2004b, 2004c; Kasapidis et al., 2005; Rocha et
al., 2005). Kronauer et al. (2005) for example
reported several lineages within Thecadactylus
rapicauda separated by up to 26.5% sequence
divergence for cytochrome b. On the other hand,
when comparisons have been available, varia-
tion within nuclear markers has not been re-
markable leading to the hypothesis that geckos
have a relatively fast rate of mtDNA evolution
(Austin et al., 2004; Harris et al., 2004b; Jesus
et al., 2005, 2006).

In the present study, analysis of mtDNA and
nuclear markers are used to analyse variation
within and between all three morphological
forms of Saurodactylus. The nuclear markers
are further used to assess the phylogenetic posi-
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tion of the forms within the Gekkonoidea, while
the comparative rate of the mtDNA and nuclear
markers is used to shed light on the hypothesis
of rapid rates of mtDNA evolution in additional
geckonid species.

Materials and methods

Tissue samples from 15 Saurodactylus brosseti, four Sauro-
dactylus fasciatus and six Saurodactylus mauritanicus were
collected in Morocco (geographic locations of the speci-
mens are given in table 1 and fig. 1). Tail tips were collected
from live specimens, which were then photographed and re-
leased.

DNA extraction, amplification, and sequencing

Genomic DNA was extracted following standard high-salt
protocols. A fragment including the terminal portion of

the ND4 gene and the tRNAs for Serine, Histamine and
Leucine was amplified by PCR using the primers published
by Arévalo et al. (1994). Amplification conditions for the
ND4 gene were the same as described by Pinho et al.
(2006). Polymerase Chain Reaction primers used for the
12S rRNA gene in both amplification and sequencing were
12Sa and 12Sb from Kocher et al. (1989) and amplifica-
tion conditions were the same as described by Harris et al.
(1998). Fragments from two protein-coding nuclear genes,
the recombination-activating gene 1 (RAG1) and oocyte
maturation factor (C-mos), were also analysed as two in-
dependent markers. RAG1 gene was amplified using the
primers L2408 and H2920 published by Vidal and Hedges
(2004) using amplification conditions described in Chiari et
al. (2004). The primers used to amplify and sequence the
C-mos gene were Mos-F and Mos-R (Godinho et al., 2006).
Sequences from both strands, for all the considered genes,
were obtained on an automated sequencer (ABI 310) and
alignment was performed manually using Bioedit v. 5.0.9.
(Hall, 1999). All new sequences were submitted to Gen-
Bank (accession numbers EU014296 to EU014357, table 1).

Table 1. Species, locality, sample code, coordinates and GenBank accession numbers of the specimens used in this study for
12S rRNA, ND4, C-mos and RAG1.

Species Locality Sample Coordinates Accession numbers
Code 12S/ND4/C-mos/RAG1

Saurodactylus El Jadida, Morocco A 33◦15′N, 8◦30′W EU014300/EU014325/EU014351
brosseti Marrakech, Morocco B 31◦37′N, 8◦0′W EU014301/EU014326/EU014350

Essaouira, Morocco C 31◦30′N, 9◦46′W EU014311/EU014336
Oulad Brahim, Morocco D 31◦41′N, 8◦51′W EU014302/EU014327
Oulad Brahim, Morocco E 31◦41′N, 8◦51′W EU014312/EU014337
Oulad Brahim, Morocco F 31◦41′N, 8◦51′W EU014304/EU014329
Oulad Brahim, Morocco G 31◦41′N, 8◦51′W EU014303/EU014328
Lalla Aziza, Lost Highway, H 31◦4′N, 8◦41′W EU014305/EU014330/EU014321

Morocco
49km Tiznit, Morocco I 30◦6′N, 9◦33′W EU014306/EU014331
Oued Massa, Morocco J 29◦53′N, 9◦36′W EU014307/EU014332
Oued Massa, Morocco K 29◦53′N, 9◦36′W EU014313/EU014338
El Jadida, Morocco L 33◦15′N, 8◦30′W EU014314/EU014339/EU014352
3.5 km W of Tanant, Morocco M 31◦53′N, 6◦55′W EU014308/EU014333
3.5 km W of Tanant, Morocco N 31◦53′N, 6◦55′W EU014309/EU014334
Road to Reraia Valley, Morocco O 31◦29′N, 7◦59′W EU014310/EU014335

Saurodactylus 15 km before Zumi, Morocco P 34◦46′N, 5◦31′W EU014299/EU014343
fasciatus Close to Ouazzane, Morocco Q 34◦38′N, 5◦32′W EU014297/EU014341/EU014322

Mechra Ben Abhou; 110 km NW R 32◦36′N, 7◦49′W EU014296/EU014340/EU014323
of Marrakech, Morocco /EU014353

Moulay Idriss, road to Meknès, S 34◦1′N, 5◦34′W EU014298/EU014342/EU014354
Morocco

Saurodactylus 60 km NW of Ain Benimathar, T 34◦2′N, 2◦36′W EU014318/EU014347/EU014356
mauritanicus Morocco

60 km NW of Ain Benimathar, U 34◦2′N, 2◦36′W EU014319/EU014348
Morocco

60 km NW of Ain Benimathar, V 34◦2′N, 2◦36′W EU014320/EU014349/EU014357
Morocco

Road to Taforalt, Morocco W 34◦50′N, 2◦25′W EU014316/EU014345/EU014355
Road to Taforalt, Morocco X 34◦50′N, 2◦25′W EU014315/EU014344/EU014324
3 km E of Moulouya River bridge, Y 34◦52′N, 2◦36′W EU014317/EU014346

Morocco
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For the mtDNA analysis, Gecko gecko sequences were taken
from GenBank as an outgroup. For the nuclear markers
all available Gekkonidae from GenBank were included,
as our aim was to determine the position of Saurodacty-
lus within the family. Additional Eublepharidae and Py-
gopodidae were included as outgroups. For the C-mos gene
46 specimens from the Family Gekkonidae were available,
while for RAG1 9 specimens were used. Since the num-
ber of RAG1 sequences available was limited, sequences of
Phelsuma breviceps, Phelsuma laticauda and Phelsuma ab-
botti from ongoing research of variation within this genus
(S. Rocha, CIBIO, in preparation) were also included. Fol-
lowing Han et al. (2004) the C-mos sequence of Hemiphyl-
lodactylus yunnanensis was not included in the analysis due
to its uncertain affinities within the Gekkonidae, character-
ized by an exceptionally long branch length.

Phylogenetic analysis

The three independent markers (combined mtDNA, C-mos
and RAG1) were analysed separately, as different additional
sequences from GenBank were available for the different
markers. The model of nucleotide substitution that best fits
our data set was selected using Modeltest 3.06 PPC (Posada
and Crandall, 1998) under the Akaike Information Criterion
(following Posada and Buckley, 2004). Sequences were then
imported into PAUP* 4.0b10 (Swofford, 2003) to carry out
maximum likelihood (ML) and maximum parsimony (MP)
analyses. Once a model of evolution was chosen it was used
to estimate a tree using ML analysis with random sequence
addition (10 replicate heuristic searches). MP analysis was
carried out using heuristic searches involving tree bisection
and reconnection (TBR) branch swapping, with 100 repli-
cates. Gaps were considered as a fifth state and all charac-
ters were weighted equally. Robustness of these trees was
assessed by bootstrap analysis (Felsenstein, 1985) involv-
ing 1000 pseudo-replications except for the ML analysis of
C-mos sequences when 250 replicates were used. Bayesian
analysis was performed with Mr.Bayes v. 3.0, using the cho-
sen model of nucleotide substitution (Huelsenbeck and Ron-
quist, 2001). Parameters were estimated as part of the analy-
sis with four Markov chains incrementally heated with the
default heating values. All analyses started with randomly
generated trees and ran for 2 million generations, saving
one tree in each 100 generations. The log-likelihood val-
ues of the sample point were plotted against the genera-
tion time and all the trees prior to reaching stationarity were
discarded, ensuring that burn-in samples were not retained.
Combining the remaining trees, a 50% majority consensus
tree was generated. The frequency of any particular clade
of the consensus tree represents the posterior probability
of that clade (Huelsenbeck and Ronquist, 2001). Two inde-
pendent replicates were conducted and inspected for consis-
tency to check for local optima (Huelsenbeck and Bollback,
2001).

Results

For mtDNA we obtained a total of 25 Sauro-
dactylus sequences for both the 12S rRNA and

ND4 gene fragments with an aligned length of
1040 bp. For the nuclear DNA, 4 Saurodacty-
lus specimens were sequenced for C-mos, and 8
for RAG1 gene fragments, resulting in aligned
sequences of 376 bp and 398 bp length, respec-
tively. These individuals represented all three
morphological forms.

Results from Modeltest suggested that for
12S rRNA and ND4 combined, the most appro-
priate model of evolution was the TVM model
with base frequencies and substitution rates es-
timated from the data, a proportion of invariable
sites and a gamma distribution shape parameter.
The ML heuristic search using this model found
a single tree of −ln 4658 (fig. 2). Bayesian
analysis produced an identical estimate of rela-
tionships. Maximum parsimony analysis recov-
ered 8 equally most parsimonious trees (345 in-
formative sites, 752 steps). The strict consen-
sus tree of the MP tree topologies was identical
to the ML tree, being less resolved only within
forms.

For the nuclear gene C-mos, the TVM model
with a discrete approximation of the gamma
distribution was the most appropriate. The ML
analysis recovered a single tree of −ln 2898 us-
ing this model (fig. 3). Bayesian analysis recov-
ered the same tree as the ML analysis. A total of
9680 MP trees (139 informative characters, 433
steps), were recovered.

The most appropriate model of evolution for
the RAG1 dataset was the GTR, with a discrete
approximation of the gamma distribution. MP
recovered 2 equally most parsimonious tress
(61 informative characters, 126 steps). The ML
analysis found a single tree of −ln 1268.8 using
the chosen model. The Bayesian analysis recov-
ered the same tree as the ML heuristic search
(fig. 4).

Discussion

From the analysis of mtDNA sequences, all
three forms of Saurodactylus appear as mono-
phyletic units with strong support (100% in all
analyses). What is surprising is the very high
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Figure 2. Tree derived from a ML analysis of combined 12S rRNA and ND4 fragments using the model described in the text.
Bootstrap values (> 50%) for MP and ML are given above the branches (MP/ML), and Bayesian posterior probabilities with
values > 95% are indicated with the *. The tree was rooted using Gecko gecko.

degree of divergence between all three forms
– based on ND4 sequences S. fasciatus is ap-
proximately 25% diverged from the other two
species, which differ from each other by 21%.
This is much higher than the values typically
found between congeneric species of reptiles
(Harris, 2002), and certainly combined with the

clear morphological differences supports recog-
nition of all three forms as full species. Vari-
ation within each three forms is also notable,
with maximal divergences for ND4 of 3.8%,
4.0% and 11.4% within S. fasciatus, S. mauri-
tanicus and S. brosseti, respectively. Consider-
ing that intraspecific sampling was geographi-
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Figure 3. Single tree derived from a ML analysis using the model described in the text of the 376 bp of the C-mos fragment.
Bayesian posterior probabilities with values > 95% are represented with the *. Above the branches, bootstrap values for ML
and MP are indicated (ML/MP). For both analyses, only bootstrap values above 50% are represented. The tree was rooted
using Eublepharis macularius and Coleonyx variegatus.

cally limited for the first two species this in-
dicates that, with further sampling, all three
may well show considerable intraspecific vari-
ation. Thus Saurodactylus is another example
of both a gecko and a non-temperate group
showing higher levels of intraspecific mtDNA
variation than could have been expected. Ge-

ological barriers within Morocco that are of-
ten linked to genetic discontinuities between
forms/species include the Atlas Mountains (for
example for Agama and Mauremys – Brown et
al., 2002 and Fritz et al., 2006 respectively) and
the Moulouya river basin. However, the deep
divergences found between the three species
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Figure 4. Single tree derived from a ML analysis using the model described in the text of the 398 bp of the RAG1 fragment.
Bootstrap values (> 50%) for MP and ML are indicated above the branches (MP/ML). Bayesian posterior probabilities with
values > 95% are represented with the *. The tree was rooted using Eublepharis turcmenicus.

of Saurodactylus indicate that the separation
between these three species likely predates
the orogenic events that formed these barri-
ers. Comparative phylogeography is further lim-
ited by current lack of detailed knowledge con-
cerning species distributions – the sample R of
S. fasciatus for example used in this study rep-
resents a range extension for this species com-
pared to the species distribution map of Bons
and Geniez (1996). Thus without considerable
further sampling it is difficult to make phylo-
geographic comparisons with the other reptiles
that have been studied from this area. However,
of the recent phylogeographic studies of reptiles
in this region, many have indicated higher lev-

els of genetic variation than are typically seen in
temperate regions (Harris et al., 2004a, 2004b,
2004c; Mendonça and Harris, 2007; Pinho et al.,
2007).

Based on the analysis of C-mos sequence
variation our results support many of the re-
lationships previously indicated by Han et al.
(2004). We also recovered a monophyletic
Gekkonidae sensu Han et al. (2004). Sauro-
dactylus, as expected based on morphology,
forms part of the Sphaerodactylidae sensu Han
et al. (2004), although support for the mono-
phyly of this group is weak. More surpris-
ingly, in this analysis Saurodactylus appears pa-
raphyletic. The two forms that appear as sis-
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ter taxa in the analysis of mtDNA sequences,
S. mauritanicus and S. brosseti, appear more
closely related to a specimen of Teratoscincus
przewalskii than to S. fasciatus. This appears
unlikely to be due to a mislabelling of this sam-
ple, as further species of Teratoscincus cluster
with this specimen (A. Bauer, pers. comm.). Al-
though duplicate copies of C-mos are known
(Pavlicev and Mayer, 2006), these are from
members of the Lacertidae, not the Gekkonidae,
and all the sequences analysed show the typi-
cal features of the functionally constrained C-
mos gene. Independent analysis of RAG1 se-
quences fully supports the conclusions drawn
from the C-mos gene. Again, Sphaerodactyli-
dae and Gekkonidae sensu Han et al. (2004) are
supported as monophyletic sister taxa. Sauro-
dactylus is a member of the Sphaerodactylidae,
with S. brosseti and S. mauritanicus sister taxa
to Teratoscincus przewalskii, and more distantly
related to S. fasciatus. The relationship of S. fas-
ciatus to the other members of the Sphaero-
dactylidae is weakly supported.

Conclusions

Saurodactylus is another example of a morpho-
logically conservative group of geckos showing
extremely high genetic variability. While this
gives further support to the general phenom-
enon of high mtDNA variation observed within
geckos, in this case nuclear variation is also con-
siderable. Therefore this highlights the diversity
of understudied biodiversity hotspots, such as
the Maghreb (Harris and Froufe, 2005) rather
than solely an increased rate of mtDNA varia-
tion in geckos. Since geckos are generally trop-
ical, separating historical geopolitical biases in
expectations of genetic variability (Harris and
Froufe, 2005) from an increased rate of mtDNA
variation (Jesus et al., 2006) will only be pos-
sible as nuclear markers become available for
other gecko groups so that detailed compar-
isons can be made. Saurodactylus as currently
used is paraphyletic, and it is likely to be split
into two genera in the future, pending more de-

tailed studies. Saurodactylus is clearly a mem-
ber of the Sphaerodactylidae sensu Han et al.
(2004). Although analysis of RAG1 sequences
generally supports the taxonomic separation of
Sphaerodactylidae and Gekkonidae sensu Han
et al. (2004), clearly further taxonomic sam-
pling across these families is needed to confirm
this. In particular the analysis of another puta-
tive member of the Sphaerodactylidae and also a
Maghrebian endemic, Quedenfeldtia, will be of
interest in helping to determine the phylogeny
of this family and also to determine if the deep
phylogenetic separation between forms within
Saurodactylus is repeated in this group.
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