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Abstract
The molecular phylogeny of Hemidactylus turcicus (sensu lato) and related Levantine taxa of Hemidactylus geckos were
studied using mitochondrial DNA sequence data. Five main phylogenetic lineages were detected within the distribution
area of H. turcicus: (1) H. turcicus (sensu stricto) from the Mediterranean region comprising two widely distributed haplotype groups divergent by 2.1%; (2) H. cf. turcicus from north-eastern Israel forming a divergent (7.2%) sister lineage to
H. turcicus s.s.; (3) H. turcicus lavadeserticus from the black Syrian basalt desert; (4) H. mindiae from southern Jordan;
and (5) a highly supported lineage representing an unnamed species of Hemidactylus distributed in southern Syria and
Jordan. On the basis of the obtained phylogenies, genetic divergences and morphological comparisons, the subspecies H.
turcicus lavadeserticus is elevated to full species level and the unnamed Hemidactylus clade is described as a new species,
H. dawudazraqi sp. n. In addition, an unnamed lineage of Hemidactylus from southern Sinai and exceptional genetic differentiation within “H. turcicus-like” forms from Yemen are reported, the type locality of H. turcicus is discussed and also
comments are provided on the phylogeny and systematics of the genus Hemidactylus.
Key words: Reptilia, Gekkonidae, Hemidactylus, Molecular Phylogeny, Near East, Jordan, Syria, Hemidactylus lavadeserticus, H. dawudazraqi sp. n., Endemism

Introduction
The wide range of the Mediterranean house gecko Hemidactylus turcicus (Linnaeus) extends from the Western
Mediterranean, including Canary Islands, to the Near East (beside introductions to the New World). Whereas the
circum-Mediterranean populations represent only two closely related evolutionary lineages (Rato et al. 2011), two
samples from northern and western Jordan have been found to form a divergent clade considered a sister taxon to
the Mediterranean form (Carranza and Arnold 2006). The morphologically well-differentiated subspecies Hemidactylus turcicus lavadeserticus Moravec & Böhme was described from the area of the black basalt desert in southern Syria (Moravec and Böhme 1997) and the presence of the recently described Hemidactylus mindiae Baha El
Din has been proven in the Wadi Ramm sandstone massifs of southern Jordan (Amr et al. 2007). These facts suggest that proper taxonomic assignment of the Jordanian and other Levantine populations usually assigned to Hemi-
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dactylus turcicus could be more complicated and the need for investigation of their taxonomy by methods of
molecular phylogenetics becomes eligible.
In the present paper we focused on evaluation of genetic variation of Hemidactylus geckos from the distribution area of H. turcicus with special emphasis on the Levantine Hemidactylus populations using mitochondrial
DNA sequence data with the aim to elucidate phylogenetic relationships and taxonomic position of the Syrian and
Jordanian forms.

Material and methods
Original data for molecular phylogeny. For the purpose of molecular phylogenetic analysis, we sequenced the
mitochondrial (mtDNA) cytochrome b gene (Cytb) in Hemidactylus geckos from the distribution area of H. turcicus (sensu Sindaco and Jeremčenko 2008), geckos morphologically resembling H. turcicus from Yemen (Hemidactylus sp. 2–8: Hd 59 and Hd83–90 = “H. turcicus-like”) and H. cf. yerburii Anderson (Hd60) from Yemen (for
localities see Table 1).
Briefly, total genomic DNA was extracted from tissue samples of the museum voucher specimens or from samples obtained by biopsy from individuals collected in the field using the Genomed JetQuick Tissue DNA Spin Kit
(Löhne, Germany) following the manufacturer’s instructions. Complete sequences of the Cytb gene (1137 bp) was
targeted and amplified by the primers L14910 and H16064 (Burbrink et al. 2000). In samples with degraded DNA,
we obtained a short fragment (307 bp) of the Cytb gene using the conserved primers L14841 and H15149 (Kocher
et al. 1989). PCR conditions followed the original protocol in the case of the complete Cytb (Burbrink et al. 2000).
The following protocol was applied for amplifications of the short fragment: initial denaturation step at 94 °C for 7
min, 35 subsequent cycles of 94 °C for 30 s, 45 °C for 45 s and 72 °C for 1 min, and final extension step of 72 °C
for 10 min. Sequencing was carried out by Macrogen Inc. (Seoul, Korea, http://www.macrogen.com) using the
PCR primers (short fragment) or with a combination of the PCR primers and the newly developed H. turcicus-specific internal primers HdcbLinT (5'–ACCAACCTAATATCAGC–3') and HdcbHinT (5'–ATCGCTGTTGGTGTTTA–3') in sequencing the complete Cytb.
Complete or almost complete Cytb sequences were obtained in all studied specimens except for two samples
(Hd22, Hd41) in which we were able to obtain only 307 bp fragment due to low quality of the source DNA. All
these sequences were deposited to GenBank (Acc. Nos. HQ833711–HQ833764).
Molecular phylogenetic analyses. With the aim to detect phylogenetic position and species identity of all our
samples from the distribution area of Hemidactylus turcicus and morphologically similar representatives from surrounding territories, we performed a taxon-wide dataset analysis first. Beside our original data, it also encompassed
303 bp-long Cytb sequences from Carranza and Arnold (2006) homologous to our 307 bp fragment (GenBank Acc.
Nos. DQ120127–DQ120297) and partial Cytb sequences of H. imbricatus Bauer, Giri, Greenbaum, Jackman,
Dharne & Shouche (formerly Teratolepis fasciata (Blyth)); GenBank Acc. Nos. EU268385–EU268386; Bauer et
al. 2008). This dataset (further assigned as “short Cytb” dataset) contained 110 sequences of 35 valid and several
probably undescribed taxa of Hemidactylus and allowed nesting our samples within the phylogeny of the genus
(Fig. 1). Only the distinct haplotypes, selected using the Collapse 1.2 software (Posada 2006), were included in the
analysis. Three diverse gekkotan species (Coleonyx variegatus (Baird), Eublepharidae, Acc. No. AB114446,
Kumazawa 2007; Tarentola mauritanica (Linnaeus), Phyllodactylidae, Acc. No. AF364327, Carranza et al. 2002;
Sphaerodactylus vincenti Boulenger, Sphaerodactylidae, Acc. No. FJ404649; Y. Surget-Groba & R. S. Thorpe.,
unpubl.) were used as outgroups in this case.
A taxonomically more restricted dataset was used for a particular analysis of our samples from the distribution
area of H. turcicus, including the Levantine samples. It consisted of 47 complete Cytb sequences from the distribution area of H. turcicus together with seven distinctive haplotypes of the 303 bp-long sequences of H. turcicus from
Carranza and Arnold (2006) and one our 307 bp-long sequence of H. mindiae (Hd 22) from southern Jordan (further assigned as “complete Cytb” dataset). The other, non-distinctive haplotypes of H. turcicus from Carranza and
Arnold (2006), were only assigned to the particular subclades of H. turcicus based on their similarities to the complete Cytb haplotypes, because they might not be entirely identical with the individual haplotypes as some short
fragments could fit to more than one sequence. As outgroups, we used Cytb sequences of H. cf. angulatus Hallowell (sample No. HdC1; Limbe, Cameroon), H. cf. fasciatus Gray (Hd30; Bakingili, Mt. Cameroon, Cameroon),
Hemidactylus sp. 2–3 (Hd59, Hd90), H. cf. yerburii (Hd60). Their outgroup phylogenetic postitions in respect to
our Hemidactylus samples from the distribution area of H. turcicus were verified by inference of the previous
taxon-wide phylogeny.
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TABLE 1. Samples from the distribution area of H. turcicus s.l. and outgroup taxa included in the molecular phylogenetic analysis of the complete Cytb dataset (holotype of H. dawudazraqi sp. n. in bold).
Taxon

Group Individual

Locality

Country

Voucher

GenBank

H. turcicus

A

Hd55

Ardenica

Albania

not collected

HQ833711

H. turcicus

A

Hd56

Himarë

Albania

not collected

HQ833712

H. turcicus

A

Hd65

Brač Is.

Croatia

not collected

HQ833713

H. turcicus

A

Hd66

Brač Is.

Croatia

not collected

HQ833714

H. turcicus

A

Hd69

Cavtat

Croatia

not collected

HQ833715

H. turcicus

A

Hd01

Gecitköy, N. Cyprus Cyprus

NMP6V 72103

HQ833716

H. turcicus

B

Hd34

Sharm el-Sheikh,
Sinai

Egypt

not collected

HQ833717

H. turcicus

B

Hd37

El Arish, Sinai

Egypt

NMP6V 72081

HQ833718

H. turcicus

B

Hd93

Dahab, Sinai

Egypt

not collected

HQ833719

H. turcicus

A

Hd26

Stomio, Larissa

Greece

not collected

HQ833720

H. turcicus

A

Hd27

Stomio, Larissa

Greece

not collected

HQ833721

H. turcicus

A

Hd42

Perivoli, Korfu Is.

Greece

NMP6V 72073

HQ833722

H. turcicus

A

Hd77

Kavros, Crete

Greece

NMP6V 74050

HQ833723

H. turcicus

A

Hd78

Kavros, Crete

Greece

NMP6V 74167

HQ833724

H. turcicus

A

Hd91

Stoupa, Peloponnese

Greece

not collected

HQ833725

H. turcicus

A

Hd92

Gialova, Peloponnese

Greece

not collected

HQ833726

H. turcicus

B

Kato Gatzea, Volos

Greece

see Carranza & Arnold (2006) DQ120139

H. turcicus

A

Riomaggiore

Italy

not collected

H. turcicus

B

Qariat Arkmane

Morocco see Carranza & Arnold (2006) DQ120141

H. turcicus

B

Hd03

Cabo de Gata

Spain

not collected

HQ833728

H. turcicus

B

Hd04

Cabo de Gata

Spain

not collected

HQ833729

H. turcicus

B

Torregorda, Cadiz

Spain

see Carranza & Arnold (2006) DQ120140

H. turcicus

A

Hd32

Cyrrhus

Syria

NMP6V 74046/1

HQ833730

H. turcicus

A

Hd33

Cyrrhus

Syria

NMP6V 74046/2

HQ833731

H. turcicus

A

Hd36

Qualat al Marquab

Syria

NMP6V 72497

HQ833732

H. turcicus

B

Hd94

Palmyra

Syria

NMP6V 74131/1

HQ833733

H. turcicus

B

Hd95

Palmyra

Syria

NMP6V 74131/2

HQ833734

H. turcicus

B

Jendouba

Tunisia

see Carranza & Arnold (2006) DQ120145

H. turcicus

B

Gafsa

Tunisia

see Carranza & Arnold (2006) DQ120157

H. turcicus

B

Hd05

Adana

Turkey

not collected

HQ833735

H. turcicus

A

Hd62

Finike

Turkey

NMP6V 73626/1

HQ833736

H. turcicus

A

Hd63

Finike

Turkey

NMP6V 73626/2

HQ833737

H. turcicus

B

Hd72

Antakya

Turkey

not collected

HQ833738

H. turcicus

B

Hd75

Antakya

Turkey

NMP6V 74047/1

HQ833739

H. turcicus

A

Hd76

Antakya

Turkey

NMP6V 74047/2

HQ833740

H. cf. turcicus

Hd02

Karkom

Israel

not collected

HQ833741

H. lavadeserticus

Hd31

Ar´Raqiyeh

Syria

NMP6V 74049/1

HQ833742

H. lavadeserticus

Hd70

Ar´Raqiyeh

Syria

NMP6V 74049/2

HQ833743

H. lavadeserticus

Hd71

Ar´Raqiyeh

Syria

NMP6V 74049/3

Hdit1

HQ833727

HQ833744
continued next page
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TABLE 1. (continued)
Taxon

Group Individual

Locality

Country

Voucher

GenBank

H. lavadeserticus

Hd73

Ar´Raqiyeh

Syria

NMP6V 74049/4

HQ833745

H. lavadeserticus

Hd74

Ar´Raqiyeh

Syria

NMP6V 74049/5

HQ833746

H. mindiae

Hd22

Jabal Ghazali

Jordan

NMP6V 72323/2

HQ833747

H. mindiae

Hd23

Wadi Ramm

Jordan

NMP6V 72739/1

HQ833748

H. dawudazraqi sp. n. N

Hd16

Rashiedeh

Syria

NMP6V 70457

HQ833749

H. dawudazraqi sp. n. N

Hd24

Jawa

Jordan

NMP6V 72740/1

HQ833750

H. dawudazraqi sp. n. N

Hd25

Jawa

Jordan

NMP6V 72740/2

HQ833751

H. dawudazraqi sp. n. N

Hd51

Azraq

Jordan

NMP6V 74134/2

HQ833752

H. dawudazraqi sp. n. N

Hd52

Azraq

Jordan

NMP6V 74134/1

HQ833753

Dair al Khaf

Jordan

NMP6V 72130

DQ120165

H. dawudazraqi sp. n. N
H. dawudazraqi sp. n. W1

Hd43

Wadi Mujib

Jordan

NMP6V 74135/6

HQ833754

H. dawudazraqi sp. n. W1

Hd44

Wadi Mujib

Jordan

NMP6V 74135/7

HQ833755

Wadi al Burbeyath

Jordan

not collected

DQ120164

H. dawudazraqi sp. n. W2
H. dawudazraqi sp. n. S

Hd47

Little Petra

Jordan

NMP6V 74136/1

HQ833756

H. dawudazraqi sp. n. S

Hd48

Little Petra

Jordan

NMP6V 74136/7

HQ833757

H. dawudazraqi sp. n. S

Hd50

Petra

Jordan

NMP6V 74137

HQ833758

Hemidactylus sp. 1

Hd41

Sharm el-Sheikh,
Sinai

Egypt

NMP6V 70163/2

HQ833759

Hemidactylus sp. 2

Hd90

Ghoyal Ba-Wazir

Yemen

NMP6V 74169

HQ833760

Hemidactylus sp. 3

Hd59

Damuawt (Dangut)

Yemen

NMP6V 74170

HQ833761

H. cf. yerburii

Hd60

Taizz

Yemen

NMP6V 74168

HQ833762

H. cf. fasciatus

Hd30

Bakingili, Mt. Cam- Camereroon
oon

NMP6V 73366

HQ833763

H. haitianus (former
H. cf. angulatus)

HdC1

Limbe

NMP6V 73365/3

HQ833764

Cameroon

The analyzed Cytb sequences contained no indels or stop codons (checked in DnaSP 5.10 software; Librado
and Rozas 2009). The best-fit models of sequence evolution were selected under the Akaike information criterion
(AIC) using jModelTest 0.1.1 (Posada 2008) for the maximum likelihood (ML) calculations and MrModeltest 2.3
(Nylander 2004) for the Bayesian analyses (BA). The ML analyses were performed in PhyML 3.0 (Guindon and
Gascuel 2003) by the approach of the best of the nearest neighbor interchange and the subtree pruning and regrafting algorithms of branch swapping to maximize tree likelihood, and using the best-fit substitution model for each
dataset [(1) short Cytb: TVM+I+G, substitution rate matrix AC = 0.29, AG = CT = 4.49, AT = 0.50, CG = 0.33, GT
= 1.00, proportion of invariable sites Pinv = 0.339, gamma shape rate variation among sites α = 0.554, base frequencies A = 0.35, C = 0.42, G = 0.08, T = 0.15; (2) complete Cytb: TIM1+I+G, AC = GT = 1.00, AG = 7.93, AT =
CG = 0.35, CT = 3.50, Pinv = 0.422, α = 0.893, A = 0.34, C = 0.34, G = 0.10, T = 0.22]. Bootstrap values based on
1000 resampled datasets were calculated to assess the branch supports. Bayesian analyses were performed in
MrBayes 3.2 (Huelsenbeck and Ronquist 2001, Ronquist and Huelsenbeck 2003). The analyses were set with partitions for the codon positions and likelihood settings corresponded to the best-fit models of sequence evolution for
each codon position with parameters optimized during the runs [(1) short Cytb pos1/pos2/pos3: SYM+I+G/
GTR+G/GTR+G; (2) complete Cytb pos1/pos2/pos3: GTR+G/GTR+I+G/GTR+I+G]. The analyses were performed with two runs and four chains for each run for six million generations, and sampling every 100th tree. First
1/10 of samples were discarded as a burn-in (log-likelihood scores of sampled trees plotted against the generation
time showed that stationarity was achieved after the first 100,000 generations in both datasets and runs). A 50%
majority-rule consensus tree was subsequently produced from the remaining trees after discarding the burn-in trees,
and the posterior probabilities (BPP) as branch supports were calculated as the frequency of samples recovering
any particular clade (Huelsenbeck and Ronquist 2001). Each BA analysis was repeated four times with random
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starting trees and the results were examined to compare split frequencies between the separate analyses in order to
ensure that the BA analyses reached convergence. Average genetic uncorrected p-distances were calculated in
DnaSP 5.10 (Librado and Rozas 2009) based on the complete Cytb dataset.

FIGURE 1. Section of the majority-rule consensus tree of the Bayesian phylogeny of Hemidactylus geckos focused on the species from the Arid species group (sensu Carranza and Arnold 2006). The section is a part of the taxon-wide phylogeny of the
genus based on distinct haplotypes of a 303 bp-long fragment of Cytb and was used to locate several problematic Hemidactylus
forms within the generic phylogeny. The phylogenetic positions of H. yerburii from Arabia and Hemidactylus sp. 1 (southern
Sinai, Egypt) are highlighted (see text for details). Numbers above branches are Bayesian posterior probabilities and ML bootstrap values, if above 50 %. Branches with node support below 0.50 BPP were collapsed as were the individual clades within
the frame, which indicates the H. turcicus clade. This clade was subjected to a further phylogenetic analysis based on complete
Cytb (Fig. 2).

Morphological comparison. To obtain comparative morphological data, 94 voucher specimens of Hemidactylus from the Eastern Mediterranean and Levant were examined (for localities see the text and appendix 1; museum
abbreviations are as follow: NMP6V—National Museum Prague, ZFMK—Zoologisches Forschungsmuseum A.
Koenig, Bonn).
The following metric characters were taken using a digital calliper and a dissecting microscope: snout-vent
length (SVL)—distance from the snout tip to cloaca; head length (HL)—distance from the snout tip to the anterior
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edge of the ear; head width (HW)—greatest width of the head; head depth (HD)—greatest depth of the head; tail
length (TL)—from cloaca to the tail tip, if original. All examined characters were taken to the nearest 0.1 mm.
Meristic and qualitative pholidotic characters were counted and evaluated as follows: number of upper labials—
from the rostral to the mouth corner, last labial defined by its considerably larger size comparing with posteriorly
adjacent scales; number of lower labials—from mental to the mouth corner; number of lamellae under the first
toe—including unpaired proximal ones; number of lamellae under the fourth toe—including unpaired proximal
ones; number of preanal pores; number of the anterior tail segments bearing at least six tail tubercles; contact of
postmental scales with the second lower labial; contact of the medial nasals; size and shape of the dorsal tubercles.
Notes on the colouration in life were taken from the field notes and photographs.

FIGURE 2. Maximum likelihood tree of H. turcicus and the Levantine taxa of Hemidactylus based on the complete mitochondrial Cytb (1137 bp) and 303 bp-long sequences from Carranza and Arnold (2006). Short sequences which did not possess
unique haplotypes were only allocated into one of the two sublineages of H. turcicus. Letters in circles correspond to the geographic origin of the sublineages of H. dawudazraqi sp. n. Numbers above branches are ML bootstrap values and Bayesian
posterior probabilities, if above 50 %. The tree was rooted by H. haitianus (HdC1), H. cf. fasciatus (Hd30), H. cf. yerburii
(Hd60), Hemidactylus sp. 2 (Hd90) and Hemidactylus sp. 3 (Hd59).

Results
Molecular phylogeny. The initial taxon-wide phylogenetic analyses of the genus Hemidactylus yielded similar
trees in ML [log likelihood (lnL) = -8314.8] and BA [mean lnL = -8314.5] (not shown; partial results in Fig. 1),
which were in general concordance with the phylogeny published by Carranza and Arnold (2006). None of our
samples from the distribution area of H. turcicus, “H. turcicus-like” or H. cf. yerburii were positioned outside the
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species from the Arid species group from Northeast Africa, Southwest Asia and the Mediterranean (sensu Carranza
and Arnold 2006), and therefore, could not represent an introduced non-native species from the outside of the Arid
species group. This is particularly important to note as some Hemidactylus species are frequently transported by
humans (Rödder et al. 2008). The samples from the distribution area of H. turcicus formed a terminal clade (H. turcicus clade) within the Arid group with high support in BA (1.00). The individual Hd41 (Hemidactylus sp. 1) from
southern Sinai, Egypt appeared as an outlier in this respect, because it turned out to be a close relative of H. yerburii from Saudi Arabia (DQ120207; 9.7% uncorrected p-distance), positioned outside the turcicus clade. Similarly, Hemidactylus sp. 2–8 from Yemen (“H. turcicus-like”) were also all nested outside the turcicus clade,
moreover scattered in different lineages across the Arid group (Fig. 1).
The complete Cytb dataset provided a detailed view of the relationships among Hemidactylus geckos from the
distribution area of H. turcicus, which all were determined as H. turcicus sensu lato (s.l.) except for specimens from
the Wadi Ramm massif, southern Jordan, diagnosed as H. mindiae (Amr et al. 2007). Both computational
approaches provided essentially the same phylograms [Fig. 2; ML: lnL = -6727.9; BA: mean lnL =-6564.2] regarding partitioning into the five main lineages (although without significantly supported resolution of their mutual
relationships in most cases): (1) H. turcicus sensu stricto (s.s.; type locality Turkey; see discussion) from the Mediterranean region (and introduced to America) comprising two widely distributed haplotype groups—turcicus A and
turcicus B (see also Rato et al. 2011), with average between-group genetic uncorrected p-distance of 2.1% (Table
2); (2) a single sample from north-eastern Israel, which we provisionally name H. cf. turcicus, forming a sister
(1.00/97), but divergent (7.2%) lineage to H. turcicus s.s.; (3) H. turcicus lavadeserticus from the black lava desert
in southern Syria; (4) H. mindiae from southern Jordan showing genetic distance to other lineages 8.4–10.4 %; (5)
a highly supported (1.00/97) lineage representing an unnamed species of Hemidactylus distributed in southern
Syria and Jordan. The last lineage possesses surprisingly high intraspecific genetic differentiation forming four further sublineages, which we name in accordance with their geographical distribution: northern (N), western 1 (W1),
western 2 (W2), and southern (S).
Genetic distances between all main lineages and sublineages as well as outgroup Yemeni taxa Hemidactylus sp.
2, Hemidactylus sp. 3, and H. cf. yerburii are in Table 2.
TABLE 2. Genetic average uncorrected p-distances between the Levant and circum-Mediterranean taxa and populations of
Hemidactylus and some outgroup species from Yemen based on complete Cytb (1137bp) in percentage. Within group average
genetic distances in bold on the diagonal.
1

1a

1b

2

3

4

1

H. turcicus

1.0

1a

H. turcicus A

-

0.1

1b H. turcicus B

-

2.1

0.2

2

H. cf. turcicus

7.2

-

-

-

3

H. lavadeserticus

11.4

-

-

11.9

1.2

4

H. mindiae

9.8

-

-

9.7

10.4

-

5

H. dawudazraqi sp. n.

10.0

-

-

9.9

11.1

8.4

5a

N

5

5a

5b

5c

6

7

8

3.5

-

-

-

-

-

-

-

0.5

5b W1

-

-

-

-

-

-

-

5.0

0.2

5c

S

-

-

-

-

-

-

-

5.3

6.2

0.2

6

Hemidactylus sp. 2

15.4

-

-

15.8

16.3

15.7

15.7

-

-

-

-

7

Hemidactylus sp. 3

15.8

-

-

16.7

17.5

16.0

16.4

-

-

-

10.9

-

8

H. cf. yerburii

18.7

-

-

17.8

19.5

19.0

19.2

-

-

-

18.2

17.9

-

Taxonomy
On the basis of the obtained phylogenies and together with morphological comparisons and distinct geographic distributions (see below), and in concordance with the genetic species concept (Baker and Bradley 2006), two main
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taxonomic implications are adopted. First, the subspecies H. turcicus lavadeserticus is elevated to the full species
level. Secondly, an unnamed Hemidactylus clade from southern Syria and Jordan is described here as a new species.

Hemidactylus lavadeserticus Moravec & Böhme, 1997 (new status)
Figs. 5 (C–D)
Hemidactylus turcicus lavadeserticus—Moravec and Böhme (1997), Disi et al. (2001), Moravec (2002), Baha El Din (2005),
Amr et al. (2007), Sindaco and Jeremčenko (2008).

Holotype. NMP6V 35540/1. Type locality: Ar’Raqiyeh, 32°48’N, 37°05’E, Muhafazat of Sweida, Syria.
Paratypes. NMP6V 34831/1, NMP6V 35540/2–4, ZFMK 64409, the same locality as holotype.
Note. At present, H. lavadeserticus is known only from its type locality in the basalt desert of southern Syria.
However, its occurrence in the basalt fields of northeastern Jordan and northern Saudi Arabia is expected.

Hemidactylus dawudazraqi sp. n.
Figs. 3 (A–B), 4 (A–E), 5 (D)
Hemidactylus turcica—Flower (1933). Incorrect subsequent spelling.
Hemidactylus turcicus turcicus—Werner (1971), Disi (1996, 2002), Moravec and Böhme (1997), Disi and Amr (1998), Disi et
al. (1999, 2001, 2004), Carranza and Arnold (2006), Amr et al. (2007).
Hemidactylus turcicus lavadeserticus—Carranza and Arnold (2006).

Holotype. NMP6V 74134/1, adult male, Azraq, 31°49.770’N, 36°48.433’E, ca. 515 m a.s.l., Jordan, collected on
1–2 July 2006 by L. Kratochvíl, GenBank Acc. No. HQ833753 (Cytb).
Paratypes. NMP6V 74134/2–17, six adult males and ten adult females, the same locality and collecting data as
the holotype; NMP6V 35541, subadult male, Azraq, 31°50’N, 36°49’E, ca. 510 m a.s.l., Jordan, collected on 16
May 1996 by J. Moravec; NMP6V 72130/1–3, Dair al Khaf, 32°19’N, 36°53’E, ca. 1120 m a.s.l., one adult male
and two adult females, Jordan, collected on 3 June 2004 by D. Modrý; NMP6V72131, subadult specimen, Jawa,
32°20’N, 37°02’E, ca. 935 m a.s.l., Jordan, collected on 4 June 2004 by D. Modrý; NMP6V 72740/1–2, two adult
females, Jawa, 32°20’N, 37°02’E, ca. 935 m a.s.l., Jordan, collected on 27 June 2005 by M. Abu Baker and D.
Modrý; NMP6V 70457, subadult specimen, Rashiedeh, 32°40’N, 36°50’E, ca. 1425 m a.s.l., Muhafazat of Sweida,
Syria, collected on 14 May 1999 by J. Moravec
Referred material. NMP6V 70616, adult female, Azraq, 31°50’N, 36°49’E, ca. 510 m a.s.l., Jordan, collected
on May 1997 by D. Modrý; NMP6V 74138/1–6, two adult females, four subadult specimens, Azraq, 31°49.770’N,
36°48.433’E, ca. 515 m a.s.l., Jordan, collected on 1–2 July 2006 by L. Kratochvíl; NMP6V 74135/1–7, five adult
females and two subadult specimens, Wadi Mujib 31°26.023’N, 35°47.489’E, ca. 795 m a.s.l., Jordan, collected on
21–22 June 2006 by L. Kratochvíl; NMP6V 74136/1–7, five adult females and two subadult specimens, Little Petra
30°22’N, 35°27’E, ca. 1081 m a.s.l., Jordan, collected on 27 June 2006 by L. Kratochvíl; NMP6V 74137, adult
male, Petra 30°19.318’N, 35°27.968’E, ca. 1013 m a.s.l., Jordan, collected on 28 June 2006 by L. Kratochvíl.
Diagnosis. A species of the Arid species group of Hemidactylus as revealed from mtDNA analyses, which can
be distinguished by the following molecular and morphological characters: (1) diagnostic nucleotide substitutions
in Cytb, from all other Levantine taxa in positions 28 A (adenine) → G (guanine), 29 T (thymine) → C (cytosine),
175 A → G, 176 C → A, 246 T → C, 426 C → A, 531 C → T, 564 T → C, 663 A → C, 792 C → A, 985 G → T
(GenBank Acc. Nos. HQ833749–HQ833758); (2) small size, SVL 40.1–47.8 mm in males, 41.4–49.9 mm in
females; (3) robust head, head depth 44.9–56.4 % of head length, head width 74.3–90.7 % of head length; (4) long
tail, tail length 119.8–140.9 % of SVL; (5) nasals separated by a small scale in 92 % of individuals; (6) large anterior postmentals in contact with 1st and less frequently also with the 2nd lower labials, both postmentals in contact
with the 2nd lower labials in 8 %; (7) 8–11 upper labials; (8) 6-8 lower labials ; (9) 12–15 rows of large, round,
conical, slightly keeled, dorsal tubercles; (10) 6–7 lamellae under the 1st toe and 9–12 lamellae under the 4th toe;
(11) 5–8 tail segments bearing 6 tubercles; (12) 6–8 preanal pores in males; (13) in life, dorsum pinkish or yellow-
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ish white to yellowish orange with a pattern of irregular light brown to orange brown crossbars, head with dark longitudinal streak in loreal and postocular area, tail with a conspicuous pattern of 9–11 dark brown to black
transverse bands on yellowish white to white background.

FIGURE 3. Holotype of Hemidactylus dawudazraqi sp. n. (NMP6V 74134/1), (A) dorsal view, and (B) detail of the head.

Comparisons. The new species can be distinguished from other Levantine species of the Arid species group of
Hemidactylus by following combination of characters (see also Table 3): from H. turcicus by smaller size (maximal
size 47.8 mm vs. 54.1 mm in males and 49.9 mm vs. 56.2 mm in females), significantly longer tail relatively to
SVL (TL 119.9–140,9 vs. 103.0–121.4 % of SVL) (ANCOVA, tail length as dependent variable, SVL as a covariate, species as factor; species: F (1, 17) = 14.456, p = 0.0014), higher number of lamellae under the 4th toe (9–12
vs. 8–11), and genetic divergence of 10.0 % in Cytb (uncorrected p-distances); from H. lavadeserticus by robust
head and body (head depth 44.9–56.4 % vs. 35.0–47.0 % of head length), larger relative tail length (119.8–140.9 %
vs. 114.1–117.4 % of SVL), low frequency of contact of both postmentals with the 2nd lower labials (8 % vs. 100
%), lower average number of lamellae under the 1st toe (6–7 vs. 7–8), larger and more prominent dorsal tubercles,
higher number of tail segments bearing 6 tubercles (5-8 vs. 2–6), and genetic divergence of 11.1 % in Cytb; from H.
mindiae by robust head and body (head depth 44.9–56.4 % vs. 33.9–47.3 % of head length), lower number of upper
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labials (8–11 vs. 10–13), low frequency of contact of both postmentals with the 2nd lower labials (8 % vs. 80 %),
higher number of preanal pores in males (6–8 vs. 4–6), and genetic divergence of 8.4 % in Cytb.
Description of the holotype. Adult male (Figs. 3 A–B), SVL 46.4 mm, head length 10.9 mm, head width 9.5
mm, head depth 6 mm, tail length 60.6 mm. Upper labials (left/right) 9/9, rows of dorsal tubercles 14, lamellae
under the 1st toe 7/7, lamellae under the 4th toe 11/11, tail segments bearing six tubercles. Nostril surrounded by
rostral, three subequal nasals and the 1st upper labial. Uppermost nasals separated by one smaller scale. Mental
large, pentagonal and deeply impacted between anterior postmentals. Anterior postmentals large, nearly as long as
wide, shorter than mental, in punctual contact behind the symphysial, in contact with the 1st lower labial (left) and
the 1st and 2nd (punctually) lower labials (right). Posterior postmentals smaller, in contact with the 1st and 2nd
lower labials (left) and the 2nd lower labial (right). Digits moderately dilated. Dorsal tubercles round, prominent,
feebly keeled, in 14 longitudinal rows. Tail tubercles on the anterior six tail segments slightly larger and obviously
keeled. Scales on underside of tail enlarged and imbricate. In alcohol, whitish gray dorsally, with five inconspicuous dark crossbars on the neck and body, and with nine dark transverse bands on tail.
Variation. As mentioned in the part on molecular phylogeny of H. turcicus (s. l.), the new species shows relatively high intraspecific genetic differentiation, forming at least four sublineages (N, W1, W2, and S; Fig. 2.). In
comparison with the population from southern Syria and northern Jordan (sublineage N), the animals from Wadi
Mujib (sublineage W1) and Petra and Little Petra (sublineage S) have less robust head and body, relatively larger
eyes and smaller and narrower dorsal and especially tail tubercles. The tendency towards depressed head and body
and smaller dorsal and tail tubercles appears to be higher in sublineage S (comparative voucher specimens of sublineage W2 were not at our disposal). This variation could reflect differences in habitats of the individual H.
dawudazraqi sublineages. Whereas the representatives of sublineage N were collected predominantly on the
ground in open areas with stony or loamy-sandy substrates, populations belonging to sublineage W1 and especially
sublineage S were associated with rocky areas, caves and rock crevices. Similarly, the new species displays a
colour variation corresponding to the substrate character. Individuals from basalt areas (Jawa and Dair al Khaf; Fig.
4 C–D) have yellowish orange to orange brown colouration in contrast to the light pinkish to yellowish white
ground colour of the specimens inhabiting light substrata (Fig. 4 E).
Distribution and ecology. The known range of H. dawudazraqi reaches from southern Syria to southwestern
Jordan (Fig. 6). The northernmost locality lies ca. 20 km W of the type locality of H. lavadeserticus and the southernmost locality is situated ca 75 km N of the known Jordanian occurrence of H. mindiae. We can expect that the
range of the new species probably covers wider areas of southern Syria and northern and central Jordan.
The type locality lies at the edge of the oasis Azraq, which is situated at the border between basalt lava areas of
northern Jordan and stony to loamy-sandy desert of central Jordan. At this place, H. dawudazraqi was collected
predominantly in open desert habitat characterised by light loamy-sandy substrate and scattered herbaceous and
bush vegetation (Fig. 4 F). Here, the adult and subadult specimens were frequently encountered on open ground by
night. This terrestrial mode of life corresponds well with the find of a multiple egg clutch containing nine eggs of
H. dawudazraqi deposited under a flat stone lying on the ground in an open arid area (L. Kratochvíl, pers. com.,
own obs.) and with the reports that the geckos were observed in deep horizontal burrows in association with termites of the family Hodotermitidae in the Azraq Nature Reserve (Disi and Amr 1998, Disi et al. 1999). Rarely, the
individual specimens of H. dawudazraqi were also collected on the walls of small houses at the periphery of the
town of Azraq (a synantropic mode of life was also observed at the Syrian locality of Rashiedeh). Other reptiles
found in sympatry with H. dawudazraqi included Mesalina brevirostris Blanford, M. guttulata (Lichtenstein), Trachylepis vittata (Olivier), Trapelus pallidus agnetae (Werner), Pseudotrapelus sinaitus werneri Moravec, Chamaeleo chamaeleon (Linneaus), Spalerosophis diadema (Schlegel), and three other species of geckos (Bunopus
tuberculatus Blanford; Cyrtopodion scabrum (Heyden) and Stenodactylus grandiceps Haas) were observed near
Azraq (J. Moravec, L. Kratochvíl, V. Gvoždík, pers. obs.).
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As mentioned in the chapter about variation, geckos from Wadi Mujib, Little Petra and Petra were predominantly rock dwellers looking for shelters in rock crevices and caves.
Etymology. The specific name is a patronym for our colleague and friend David Modrý in recognition of his
important contributions to the knowledge of the Jordanian herpetofauna. The name is used in its Arabic form as a
compound of Arabic Dawud (David) and Azraq (the name of the type locality meaning “Blue” in English and
“Modrý” in Czech).

FIGURE 4. Hemidactylus dawudazraqi sp. n., (A) adult male from the type locality (uncollected), (B) detail of the head of the
same specimen. (C) Subadult paratype of Hemidactylus dawudazraqi sp. n. (NMP6V 70457) from Rashiedeh (Syria). (D),
adult female paratype of Hemidactylus dawudazraqi sp. n. (NMP6V 7213/2) from Dair al Khaf (Jordan). (E) Adult female of
Hemidactylus dawudazraqi sp. n. from Wadi Mujib (Jordan) (uncollected). (F) Type locality of Hemidactylus dawudazraqi sp.
n., Azraq (Jordan).

32 · Zootaxa 2894 © 2011 Magnolia Press

MORAVEC ET AL.

FIGURE 5. (A) Adult female of Hemidactylus turcicus (NMP6V 74131/1) from Palmyra (Syria). (B) Adult specimen of Hemidactylus cf. turcicus from NE Israel. (C) Male paratype of Hemidactylus lavadeserticus (NMP6V 35540/3). (D) Subadult male
paratype of Hemidactylus dawudazraqi sp. n. (NMP6V 35541) from the type locality (lower individual) compared with subadult male paratype of Hemidactylus lavadeserticus (ZFMK 64409). (E) Adult male of Hemidactylus mindiae (NMP6V 72739/
2) from Wadi Ramm (Jordan). (F) Subadult specimen of Hemidactylus mindiae (NMP6V 72739/3) from Wadi Ramm (Jordan).
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FIGURE 6. Schematic map showing distributions of individual Hemidactylus species and their forms in the Mediterranean and
Levant as inferred from the molecular analyses (see also Figs. 1 and 2).
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Discussion
Differentiation among Hemidactylus populations in the Levant. Molecular phylogeny of Hemidactylus geckos
from the distribution area of H. turcicus s.l. showed high genetic differentiation in the Levant. Beside the previously described H. mindiae from southern Jordan (Amr et al. 2007), the phylogeny resulted in the recognition of
one additional new species, H. dawudazraqi, one subspecies elevated to the full-species rank, H. lavadeserticus
(Note: the H. turcicus lavadeserticus of Carranza and Arnold 2006 is H. dawudazraqi), and one taxon with uncertain taxonomic position tentatively referred to as H. cf. turcicus. On the other hand, all other specimens from
around the Mediterranean as well as the introduced populations from North America formed one clade consisting
of two subclades, turcicus A and turcicus B, separated by a moderate divergence of 2.1%. Considering this distribution pattern, it is evident that the Levant is a region supporting an endemic radiation of H. turcicus-complex taxa.
According to current knowledge, H. mindiae, H. dawudazraqi, H. lavadeserticus and H. cf. turcicus are predominantly taxa inhabiting rocks and large stones (H. mindiae, H. dawudazraqi, and H. cf. turcicus), or sometimes open
ground (H. dawudazraqi, H. lavadeserticus) in natural habitats, whereras H. turcicus s.s. is mostly known as a
synantropic species, usually inhabiting walls and buildings. In addition, the known distribution of H. dawudazraqi
(Fig. 6) may point to the possible importance of the Dead Sea Rift as a historical barrier playing a role in the speciation of various Levantine taxa (see also Gvoždík et al. 2010).
From the overall phylogenetic pattern it is probable that H. turcicus s.s. also originated from the Levantine
region as both haplotype groups turcicus A and turcicus B are present there, even within single localities, like their
sister taxon H. cf. turcicus from rocky habitats in north-eastern Israel. It is evident that both haplotype groups of H.
turcicus were spread around the Mediterranean, turcicus A in a northwestern direction into Asia Minor and southeastern Europe and turcicus B in a southwestern direction into Sinai, North Africa as far as Iberia (see also Rato et
al. 2011). It is not properly explained what could be the importance of human-mediated dispersal in the initial
phase of distributional expansions. However, based on the low genetic variation it seems that the dispersal events
occurred quite rapidly, at least in the turcicus A haplogroup. Alternatively, the low level of mtDNA genetic diversity and structure in the eastern European populations of H. turcicus could also be explained as a possible result of
the genetic hitch-hiking process leading to a mitochondrial selective sweep (Rato et al. 2011). Nevertheless, the
human-mediated dispersal apparently played an important role in intermixing both haplogroups (see Fig. 6 and
Rato et al. 2011) in historical times as well as in the long-distance colonisation events, like in the case of colonisations of the Canary Islands or America (both by turcicus B). In concordance with this hypothesis, Locey and Stone
(2006) suggested multiple jump dispersal events as the likeliest mode of expansion in introduced North American
populations of H. turcicus. Similar human-mediated dispersal was also suggested in another Mediterranean reptile
species, the ocellated skink Chalcides ocellatus (Forskal) (Kornilios et al. 2010), or in a small mammal species, the
lesser white-toothed shrews from the Crocidura suaveolens group (Dubey et al. 2007). Further research focused on
demographic analyses based on fast-evolving genetic markers is necessary for a better understanding of evolutionary history and distributional expansions of H. turcicus.
Taxonomy and type locality of H. turcicus. From the taxonomic point of view, subspecific epithets could be
applied for the haplotype groups turcicus A and turcicus B. However, we rather refrain from taxonomic differentiation of the two haplogroups as no consistent morphological differences are currently known between them, no differentiation was uncovered by Rato et al. (2011) in two studied nuclear genes (ACM4 and RAG2), and the two
groups have probably been intermixed by human sea transport in the recent times (see also the map in Rato et al.
2011). Moreover, the type locality of H. turcicus remains ambiguous and complicates eventual intraspecific taxonomy. The type locality was originally stated as “Oriente” by Linnaeus (1758) and later assigned to be Turkey
according to the scientific name (Mertens and Müller 1928, 1940). However, Smith and Taylor (1950a,b) restricted
the type locality to Cairo, Egypt, without providing any explanation. Such an action was unwarranted as subsequently pointed by Neill (1951) and corrected back to Turkey. In this respect Schmidt (1953) specified the type
locality as “Asiatic Turkey”, and this act was followed by Mertens and Wermuth (1960). Nevertheless, Salvador
(1981) considered Smith and Taylor's (1950a,b) restriction as valid and revived Cairo, Egypt again as the type
locality of H. turcicus. We do not agree with Salvador (1981) and follow the view of Neill (1951) and the majority
of later authors (e.g., Mertens and Wermuth 1960, Baha El Din 2005). In conformity with the International Code of
Zoological Nomenclature (ICZN 1999), Recommendation 76A.2. (“A statement of a type locality that is found to
be erroneous should be corrected.”) we formally propose “Asiatic Turkey” as the type locality of H. turcicus.
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The narrow-ranging and generally neglected subspecies H. turcicus spinalis Buchholz (type locality Isla Addaya Grande on the north coast of Menorca) probably falls within the haplogroup B in concordance with the sample
from Menorca. Nevertheless, specimens from the type locality itself should be tested first by molecular markers
before any final taxonomic assignment.
Comments on the phylogeny and systematics of Hemidactylus. Our initial taxon-wide phylogenetic analysis
of Hemidactylus also contributed to the knowledge of the phylogeny of some Hemidactylus taxa occurring out of
the distribution area of H. turcicus. In comparison to the Hemidactylus phylogeny of Carranza and Arnold (2006)
we did not uncover the H. mabouia clade (content: H. mabouia (Moreau de Jonnès), H. yerburii). Tropical H.
mabouia was placed within the African-Atlantic clade with a high support (BPP/ML bootstrap: 1.00/77), and H.
yerburii clearly among the Arid species. Moreover, we found H. yerburii (and H. cf. yerburii) positioned in two
different lineages within the Arid species group (Fig. 1). It appears that the H. mabouia clade sensu Carranza and
Arnold (2006) originated by an error. Hemidactylus mabouia is apparently a part of the African-Atlantic clade (a
similar result was recently obtained by Bauer et al. 2010), while H. yerburii is a member of the Arid species group
as would be expected from its morphology (e.g., Sindaco and Jeremčenko 2008). The artificial “H. mabouia clade”
emerged from the concatenated dataset (Cytb and 12S rRNA), where the 12S rRNA sequence (DQ120378) of “H.
yerburii” is in fact the sequence of H. mabouia. This error was probably caused by contamination of the 12S PCR
amplicon of the supposed H. yerburii sample by the H. mabouia sample (S. Carranza, pers. comm., 2010).
Within the Arid species group (sensu Carranza and Arnold 2006), the ambiguous position of H. yerburii also
deserves special attention. Our sample from Yemen, H. cf. yerburii, is 17.5 % distant (uncorrected p-distance; not
shown) from Saudi Arabian H. yerburii (from Carranza and Arnold 2006). Another striking fact is that H. yerburii
from southwestern Saudi Arabia is a close relative of an enigmatic sample (Hd41; Hemidactylus sp. 1) from southern Sinai, Egypt, which we assumed to be H. turcicus according to its morphology at the beginning of our study. In
the same region (vicinity of Sharm el-Sheikh) we confirmed H. turcicus s.s. (Hd34) as well, the expected species in
the region. Thus, it seems that at least two different “H. turcicus-like” species occur in the region of the coastal
southern Sinai. According to Baha El Din (2006) and Sindaco and Jeremčenko (2008), only three species occur in
Sinai: H. turcicus, H. mindiae and the introduced H. flaviviridis Rüppell. Hemidactylus robustus Heyden might be
present too as it is known from the nearby localities on the continental Egyptian Red Sea coast (Baha El Din 2006).
However, all these species were included in our analyses and are nested in different clades from that of Hemidactylus sp. 1. As the locality Sharm el-Sheikh is situated on the coast, it is highly feasible that our individual of Hemidactylus sp. 1 could represent a non-native species, or introgressed mtDNA from a species introduced to Sinai from
the neighbouring Arabian Peninsula by a ship transport. Therefore, for the time being, Hemidactylus sp. 1 remains
an unnamed taxon and will be subjected to the future research as well as the different H. yerburii forms. A similar
unclear situation was found in the case of seven “H. turcicus-like” forms from Yemen (Hemidactylus sp. 2–8),
which were scattered in different and unique positions across the Arid species group. They document an unusually
high diversity of the Yemeni representatives of the Arid group and will be investigated in more details in future
studies.
In our complete Cytb dataset we used an individual of H. cf. angulatus from coastal Cameroon (HdC1) as a
distant outgroup. This sample also turned out to be interesting for the biogeographic and taxonomic interpretations
as it belonged to the same haplotype as the sample from Bioko Island, Equatorial Guinea (DQ120218; Carranza
and Arnold 2006) and clustered together with H. haitianus Meerwarth from the Caribbean (uncorrected p-distances
2%; details not shown). This result demonstrates that the recently revalidated H. haitianus (Bauer et al. 2010) is
present in Cameroon too, at least in the coastal region.

Acknowledgments
We wish to thank all donators of Hemidactylus samples (alphabetically): V. Baláž, P. Benda, J. Červenka, L. Choleva, S. Drahný, D. Jablonski, R. Kovář, Z. Lajbner, L. Kubička, D. Modrý, A. K. Nasher, T. Reiter, R. Šanda, M.
Šandera, I. Schneiderová, R. Smolinský, and R. Víta. We are indebted to S. Carranza for his valuable discussion
and comparative data concerning phylogeny and taxonomy of the Hemidactylus geckos. Special thanks are given to
O. Pearlson who helped to obtain the important Israeli sample collected under permit No. 2008/31789 issued by the
Israel Nature and National Parks Protection Authority. This study was supported by the Czech Ministry of Cul-

36 · Zootaxa 2894 © 2011 Magnolia Press

MORAVEC ET AL.

ture—projects No. DE06P04OMG008 and MK00002327201 and partially by Slovak Scientific Grant Agency
VEGA 1/0491/10. The institutional supports were given by the Ministry of the Education of the Czech Republic
(MSM0021620828) to L.K. and by the Biodiversity Research Centre project (LC06073) to V.G.

References
Amr, Z.S., Modrý, D., Abu Baker, M., Qarqas, M., Al Zaidanyen, J. & Moravec, J. (2007) First record of Hemidactylus mindiae
Baha El Din, 2005 from Jordan. Herpetozoa, 20, 73–75.
Baha El Din, S. (2005) An overview of Egyptian species of Hemidactylus (Gekkonidae), with the description of a new species
from the high mountains of South Sinai. Zoology in the Middle East, 34, 11–26.
Baha El Din, S. (2006) A Guide to the Reptiles and Amphibians of Egypt. The American University in Cairo Press, Cairo—New
York, 359 pp.
Baker, R.J. & Bradley, R.D. (2006) Speciation in mammals and the genetic species concept. Journal of Mammalogy, 87, 643–
662.
Bauer, A.M., Giri, V.B., Greenbaum, E., Jackman, T.R., Dharne, M.S. & Shouche, Y.S. (2008) On the systematics of the gekkonid genus Teratolepis Günther, 1869: Another one bites the dust. Hamadryad, 33, 13–27.
Bauer, A.M., Jackman, T.R., Greenbaum, E., Giri, V.B. & de Silva, A. (2010) South Asia supports a major endemic radiation of
Hemidactylus geckos. Molecular Phylogenetics and Evolution, 57, 343–352.
Burbrink, F.T., Lawson, R. & Slowinski, J.B. (2000) Mitochondrial DNA phylogeography of the polytypic North American rat
snake (Elaphe obsoleta): A critique of the subspecies concept. Evolution, 54, 2107–2118.
Carranza, S. & Arnold, E.N. (2006) Systematics, biogeography, and evolution of Hemidactylus geckos (Reptilia: Gekkonidae)
elucidated using mitochondrial DNA sequences. Molecular Phylogenetics and Evolution, 38, 531–545.
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. Molecular Phylogenetics and
Evolution, 23, 244–256.
Disi, A.M. (1996) A contribution to the knowledge of the herpetofauna of Jordan. VI. The Jordanian herpetofauna as a zoogeographic indicator. Herpetozoa, 9, 71–81.
Disi, A.M. (2002) Jordan Country Study on Biological Diversity. The Herpetofauna of Jordan. GCEP, UNEP, GEF, Aman, 288
pp.
Disi, A.M. & Amr, Z.S. (1998) Distribution and ecology of lizards in Jordan (Reptilia: Sauria); pp. 43–66. In: Fritz, U. & Obst,
F. J. & Andreas, B. (Eds.): Contribution to a “Herpetologia arabica”. Faunistische Abhandlungen Staatliches Museum für
Tierkunde Dresden, 21, Suppl., 182 pp.
Disi, A.M., Amr, Z.S. & Martens, H. (2004) On a collection of amphibians and reptiles made by J. Klapperich in Jordan. Herpetozoa, 16, 141–150.
Disi, A.M., Modrý, D., Nečas, P. & Rifai, L. (2001) Amphibians and Reptiles of the Hashemite Kingdom of Jordan. An Atlas
and Field Guide. Chimaira, Frankfurt am Main, 408 pp.
Disi, A.M., Modrý, D., Bunian, F., Al-Oran, R.M. & Amr, Z.S. (1999) Amphibians and reptiles of the Badia region of Jordan.
Herpetozoa, 12, 135–146.
Dubey, S., Cosson, J.-F., Magnanou, E., Vohralík, V., Benda, P., Frynta, D., Hutterer, R., Vogel, V. & Vogel, P. (2007) Mediterranean populations of the lesser white-toothed shrew (Crocidura suaveolens group): an unexpected puzzle of Pleistocene
survivors and prehistoric introductions. Molecular Ecology, 16, 3438–3452.
Flower, S.S. (1933) Notes on recent reptiles and amphibians of Egypt, with a list of the species recorded from that Kingdom.
Proceedings of the Zoological Society of London, 1933, 735–851.
Guindon, S. & Gascuel, O. (2003) A simple, fast and accurate method to estimate large phylogenies by maximum likelihood.
Systematic Biology, 52, 696–704.
Gvoždík, V., Moravec, J., Klütsch, C. & Kotlík, P. (2010) Phylogeography of the Middle Eastern tree frogs (Hyla, Hylidae,
Amphibia) as inferred from nuclear and mitochondrial DNA variation, with a description of a new species. Molecular Phylogenetics and Evolution, 55, 1146–1166.
Huelsenbeck, J.P. & Ronquist, F. (2001) MrBayes: Bayesian inference of phylogeny. Bioinformatics, 17, 754–755.
ICZN (International Commission on Zoological Nomenclature) (1999) International Code of Zoological Nomenclature, 4th ed.
International Trust for Zoological Nomenclature, London.
Kocher, T.D., Thomas, W.K., Meyer, A., Edwards, S.V., Pääbo, S., Villablanca, F.X. & Wilson, A.C. (1989) Dynamics of mitochondrial DNA evolution in animals: Amplification and sequencing with conserved primers. Proceedings of the National
Academy of Sciences of the U.S.A., 86, 6196–6200.
Kornilios, P., Kyriazi, P., Poulakakis, N., Kumlutas, Y., Ilgaz, H., Mylonas, M. & Lymberakis, P. (2010) Phylogeography of the
ocellated skink Chalcides ocellatus (Squamata, Scincidae), with the use of mtDNA sequences: A hitch-hiker’s guide to the
Mediterranean. Molecular Phylogenetics and Evolution, 54, 445–456.
Kumazawa, Y. (2007) Mitochondrial genomes from major lizard families suggest their phylogenetic relationships and ancient
radiations. Gene, 388, 19–26.

GENETIC DIFFERENTIATION WITHIN H. TURCICUS COMPLEX

Zootaxa 2894 © 2011 Magnolia Press ·

37

Librado, P. & Rozas, J. (2009) DnaSP v5: a software for comprehensive analysis of DNA polymorphism data. Bioinformatics,
25, 1451–1452.
Linnaeus, C. (1758) Systema Naturae per Regna Tria Naturae, Secundum Classes, Ordines, Genera, Species, cum Characteribus, Differentiis, Synonymis, Locis. Vol. 1, 10th ed. Laurentii Salvii, Holmiae, 824 pp.
Locey, K.J. & Stone, P.A. (2006) Factors affecting range expansion in the introduced Mediterranean gecko, Hemidactylus turcicus. Journal of Herpetology, 40, 526–530.
Mertens, R. & Müller, L. (1928) Liste der Amphibien und Reptilien Europas. Abhandlungen der Senckenbergischen naturforschenden Gesellschaft, 41, 1–62.
Mertens, R. & Müller, L. (1940) Die Amphibien und Reptilien Europas. 2nd ed. Abhandlungen der Senckenbergischen naturforschenden Gesellschaft, 451, 1–56.
Mertens, R. & Wermuth, H. (1960) Die Amphibien und Reptilien Europas. W. Kramer, Frankfurt am Main, 264 pp.
Moravec, J. (2002) A new subspecies of the Sinai Agama Pseudotrapelus sinaitus from southern Syria and northern Jordan
(Reptilia: Squamata: Sauria: Agamidae). Faunistische Abhandlungen des Staatlichen Museum für Tierkunde Dresden, 23,
131–140.
Moravec, J. & Böhme, W. (1997) A new subspecies of the Mediterranean gecko Hemidactylus turcicus from the Syrian lava
desert (Squamata: Sauria: Gekkonidae). Herpetozoa, 10, 121–128.
Neill, W.T. (1951) The type locality of the Mediterranean gecko, Hemidactylus t. turcicus (Linnaeus). Copeia, 1951, 311.
Nylander, J.A.A. (2004) MrModeltest v2. Program distributed by the author. Evolutionary Biology Centre, Uppsala University,
Sweden.
Posada, D. (2006) Collapse: Describing haplotypes from sequence alignments. Bioinformatics and Molecular Evolution
Department, University of Vigo, Spain. Available from: <http://darwin.uvigo.es>.
Posada, D. (2008) jModelTest: Phylogenetic model averaging. Molecular Biology and Evolution, 25, 1253–1256.
Rato, C., Carranza, S. & Harris, D.J. (2011) When selection deceives phylogeographic interpretation: The case of the Mediterranean house gecko, Hemidactylus turcicus (Linnaeus, 1758). Molecular Phylogenetics and Evolution, 58, 365–373.
Rödder, D., Solé, M. & Böhme, W. (2008) Predicting the potential distributions of two alien invasive Housegeckos (Gekkonidae: Hemidactylus frenatus, Hemidactylus mabouia). North-Western Journal of Zoology, 4, 236–246.
Ronquist, F. & Huelsenbeck, J.P. (2003) MrBayes 3: Bayesian phylogenetic inference under mixed models. Bioinformatics, 19,
1572–1574.
Salvador, A. (1981) Hemidactylus turcicus (Linnaeus, 1758)—Europäischer Halbfingergecko; pp. 84–107. In: Böhme, W.
(Ed.): Handbuch der Reptilien und Amphibien Europas, Vol. 1, Echsen I; Akademische Verlagsgesellschaft, Wiesbaden,
520 pp.
Schmidt, K.P. (1953) A Checklist of North American Amphibians and Reptiles. Sixth edition. American Society of Ichthyologists and Herpetologists, Chicago, 280 pp.
Sindaco, R. & Jeremčenko, V.K. (2008) The Reptiles of the Western Palearctic 1. Annotated Checklist and Distributional Atlas
of the Turtles, Crocodiles, Amphisbaenians and Lizards of Europe, North Africa, Middle East and Central Asia. Edizioni
Belvedere, Latina, 579 pp.
Smith, H.M. & Taylor, E.H. (1950a) An annotated checklist and key to the reptiles of Mexico exclusive of the snakes. Bulletin
of the United States National Museum, 199, 1–253.
Smith, H.M. & Taylor, E.H. (1950b) Type localities of Mexican reptiles and amphibians. University of Kansas Science Bulletin,
33, 313–380.
Werner, Y.L. (1971) Lizards and snakes from Transjordan, recently acquired by the British Museum (Natural History). Bulletin
of the British Museum (Natural History), Zoology, 21, 215–256.

APPENDIX 1. Additional specimens examined morphologically.
Hemidactylus lavadeserticus: SYRIA: Muhafazat of Sweida: Ar’Raqiyeh, NMP6V 74049/1–5.
Hemidactylus mindiae: JORDAN: Jabal Ghazali, NMP6V 72323/1–2; Wadi Ramm, Nughra-Raddet Salem, NMP6V 72739/1–
3.
Hemidactylus turcicus: CYPRUS: Famagusta, NMP6V 71587/1–3; Yali 71592/1–2. GREECE: Crete, Kavros, NMP6V 74050,
74167; Kastellorizo Islands, St. Georges, NMP6V 70667–70668; Korfu, Perivoli, NMP6V 72073. ITALY: Gagliari,
NMP6V 70629. SYRIA: Banias, NMP6V 34747; Busra ash Sham, 34830/1–2, 35542/2–4; Cyrrhus, NMP6V 74046/1–2;
Palmyra, NMP6V 34748/1–3, 74131/1–3; Qualat al Marquab, NMP6V 72497. TURKEY: Finike, 73626/1–3; Kaş,
NMP6V 70648/1–2.
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