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ABSTRAKT

Donedavna byli gekoni rodu Hemidactylus vyskytujici se v oblasti
vychodniho Mediteranu a na Arabském poloostrové povazovani za relativne
nediverzifikovanou skupinu. Jednak to bylo zplsobeno jejich vyraznou
morfologickou uniformitou a zaroven jejich ¢asto synantropnim zpusobem
zivota, diky kterému byly nékteré druhy rozsSifeny na velké vzdalenosti.
Nicméné s nastupem molekularné-fylogenetickych metod jakozto bézné
techniky rutinné pouzivané k odhalovani fylogenetickych vztahti mezi
organismy se naSe poznani diverzity tohoto rodu radikalné zménilo. Cilem
této prace bylo odhalit fylogenetické a biogeografické vztahy a systematiku
arabskych zastupcu rodu Hemidactylus. Analyzou pfes S00 jedincu vice nez
40 druht pochazejicich z vychodniho Mediteranu, Arabského poloostrova,
Sokotry, severni a vychodni Afriky a Iranu a sekvenci Sesti genti (dva
mitochondrialni - 12S rRNA, cyt b; Ctyfi jaderné — cmos, mclr, ragl, rag2) se
podartilo rekonstruovat kalibrovanou fylogenezi tzv. aridniho kladu rodu
Hemidactylus, odvodit jeho komplexni biogeografickou historii a odhalit
sedm potencialné novych druht. Vysledky biogeografické analyzy naznacuji,
ze soucasné rozsireni rodu bylo formovano jak vikarianc¢nimi tak disperznimi
udalostmi. Vikarian¢ni udalosti je mozné dat do souvislosti s kontinentalnim
rozpadem v casném miocénu. Arabie byla po svém osamostatnéni od africke
kontinentalni masy dulezitym diversifikaénim centrem rodu Hemidactylus,
ze kterého dochazelo k opakovanym kolonizacim do vSech okolnich oblasti.
Objev necekané diverzity arabskych gekonu rodu Hemidactylus vedl
k detailnéj§i analyze genetickych dat a k analyze morfologickych znak,
jejichz cilem bylo vyreSeni taxonomie nové objevenych linii. Jeden druh drive
synonymizovany s druhem H. turcicus byl rozpoznan jako samostatny a ctyti
dalsi druhy byly nové popsany. VétSina novych druh@i pochazi z malo
probadanych horskych oblasti jihozapadni Arabie a zdaraznuje tak
dtilezitost tohoto regionu coby centra mimofadné diverzity a endemismu
plaztl v kontextu Arabského poloostrova.



ABSTRACT

Until relatively recently, the gecko genus Hemidactylus was considered to
contain only several hard-to-distinguish species in the eastern
Mediterranean and the Arabian Peninsula. This was mostly given by the
apparent morphological uniformity of the geckos in combination with their
often synanthropic lifestyle, which facilitated the dispersal of some of the
species over large ranges. However, our understanding of the diversity of the
genus was about to change with the onset of molecular phylogenetic
methods that became extensively available and routinely applied to tackle
the questions of systematics and phylogeny of all kinds of organisms. This
thesis focuses on resolving the phylogeny, systematics, and biogeography of
the Arabian Hemidactylus. Using an unprecedented sampling of over 500
samples of more than 40 Hemidactylus species from the eastern
Mediterranean, Arabian Peninsula, Socotra, North and East Africa and Iran
and sequencing up to six genes (two mitochondrial — 12S rRNA, cyt b; four
nuclear — cmos, mclr, ragl, rag2) 1 reconstructed the time-calibrated
phylogeny of the arid clade of Hemidactylus, inferred its complex
biogeographical history in the region, and detected seven potentially new
species. The results of the biogeographic analyses indicate that the current
distribution of the genus has been shaped by both vicariant and dispersal
events in its history. The vicariant events were most probably caused by the
geological processes in the area coincident with the separation and drifting of
landmasses in the Early Miocene. Since its separation from Africa, southern
Arabia has been an important centre of diversification for Hemidactylus from
where it repeatedly dispersed to all the neighbouring areas. The discovery of
the unexpectedly high genetic diversity of the Arabian Hemidactylus with
several lineages potentially representing yet unknown species led to more
detailed examination of the genetic data and also the morphological
characters in order to resolve the taxonomy of these candidate species. As a
result of that, one species was resurrected from the synonymy of H. turcicus
and four new species were (are being) described. Most of the new species
were found in the mountains of southwestern Arabia, stressing the
importance of this poorly studied region as one of the richest parts of Arabia
in terms of reptile diversity and endemicity.



CILE PRACE

Tato dizertacni prace je zameérena na fylogenezi, systematiku a biogeografii
tzv. aridniho kladu gekonu rodu Hemidactylus s vyuzitim komplexni
kombinace  genetickych a  morfologickych  pfistupt. Rozlusténi
fylogenetickych  vztahti  uvnitf aridniho kladu bylo nasledovano
taxonomickou revizi studovanych druht. Diléi cile prace byly:

1) Prvnim cilem bylo zhodnotit genetickou variabilitu druhu
Hemidactylus turcicus a rekonstruovat jeho fylogenetickou pozici
v aridnim kladu s hlavnim zfetelem na ostatni blizkovychodni
zastupce rodu Hemidactylus. S pouzitim genetickych a morfologickych
dat jsme se zameérili na identifikovani oblasti odkud H. turcicus
pravdépodobné kolonizoval cely Mediteran. Posoudili jsme vyznam
Levanty coby radiacniho centra tohoto rodu a revidovali validitu
poddruhu H. t. lavadeserticus a H. t. spinalis.

2) Druhym cilem dizertacni prace bylo shromazdéni vSech dostupnych
drive publikovanych dat o fylogenezi arabskych zastupct rodu
Hemidactylus a zkombinovat je do jednoho datasetu. Tento material
byl doplnén nové nasbiranymi vzorky z oblasti, jez v datasetu chybély
(Iran, Oman, Etiopie, Somalsko) tak, aby byla pokryta co nejvétsi
oblast Arabského poloostrova a okolnich oblasti. Tato data byla
pouzita k rekonstrukce fylogeneze rodu Hemidactylus v této oblasti.

3) Maje k dispozici tento bohaty fond materialu ze vSech zasadnich
oblasti na a kolem Arabského poloostrova, osekvenoval jsem az Sest
genl (mitochondrialni i jaderné) za tucelem robustni rekonstrukce
fylogeneze aridniho kladu rodu Hemidactylus a pripadného objeveni
novych druhti. Nasledné jsem provedl analyzu historické biogeografie
v kombinaci s analyzou molekularnich hodin za ucelem odhaleni
pripadného vlivu geologické historie na evolucni historii tohoto rodu.

4) Ctvrtym cilem byly taxonomické a nomenklatorické revize
studovaného rodu zalozené na komplexnim pfistupu kombinujicim
multilokusova geneticka a morfologicka data. Zatimco geneticka data
slouzila primarné k detekovani diferenciace mezi jednotlivymi druhy,
morfologicka data byla pouzita k jasnému vymezeni a diagnoze
jednotlivych druhtt a k posouzeni vnitrodruhové morfologické
variability.



AIMS OF THE STUDY

This thesis focuses on the phylogeny, systematics and biogeography of the
arid clade of the genus Hemidactylus using an integrative combination of
genetic and morphological approaches. After reconstructing the relationships
within the arid clade I aimed to resolve the taxonomy of the species studied.
Specific aims of the thesis were:

1)

2)

3)

4)

The first aim of this thesis was to assess genetic differentiation within
Hemidactylus turcicus and its phylogenetic position in the arid clade
with special emphasis on the eastern Mediterranean Hemidactylus
species. Using genetic and morphological data we aimed to identify the
source region from where H. turcicus colonized the Mediterranean,
assess the magnitude of the Levantine radiation, and evaluate the
validity and taxonomic status of the two subspecies, H. t
lavadeserticus and H. turcicus spinalis.

The second aim of this thesis was to assemble all data available from
previous studies and combine them into a single data set. These data
were completed with material newly collected in areas from where
samples were not available (Iran, Oman, Ethiopia, Somalia) to cover
the whole of the Arabian Peninsula and the adjoining regions to be
able to produce a reliable phylogeny of Hemidactylus with as many
species as possible included.

With the material available from all the key regions I sequenced up to
six genes (both mitochondrial and nuclear) to infer a robust phylogeny
of the Hemidactylus arid clade and to identify potentially new species.
Additionally, I intended to reconstruct the historical biogeography of
the group in the region by employing molecular clock calibration and
reconstruction of ancestral nodes distribution and assessed the
influence of the geological history of the region on the evolution of the
genus.

The fourth aim was to provide a revision of the taxonomy and
nomenclature of the members of the arid clade of Hemidactylus based
on an integrative approach of combined multilocus genetic and
morphological data. While genetic data were employed as first
measures to estimate the differentiation within Hemidactylus,
morphological data were used to proper species delimitation and as an
evidence to assess phenotypic variability of the candidate species
detected in the genetic analyses.
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Hemidactylus turcicus je druh Siroce rozsireny v celéem Mediteranu. Ackoli se
obecné veéri, ze byl tento gekon do soucasného rozsahlého arealu zavlecen
clovekem béhem minulych tisicileti, bliz§i poznatky z biogeografické historie
druhu nebyly znamy. Za pouziti sekvenci genu pro cytochrom b jsme se
v tomto c¢lanku zamérili na diverzifikaci uvnitf tohoto druhu a jeho
fylogenetické postaveni v ramci rodu. Zvlastni zretel byl bran na ostatni
druhy rodu Hemidactylus vyskytujici se ve vychodnim Mediteranu vcetné
poddruhu H. t. lavadeserticus. Geneticka data odhalila vyraznou variabilitu
rodu Hemidactylus v Levanté existenci nového druhu v Jordansku. Tento
novy druh je v této praci popsan jako H. dawudazraqi. Spolu s timto novym
popisem je poddruh H. t. lavadeserticus povysSen na samostatny druh. Nizka
geneticka strukturovanost populaci H. turcicus napfi¢c celym Mediteranem
indikuje recentni kolonizaci. Druh je ¢lenén na dva hlavni genetickée klady
rozSifené témeér parapatricky v severnim a jiznim Mediteranu. Vysoka
geneticka variabilita rodu Hemidactylus v Levanté a pritomnost bazalni linie
H. turcicus znaci, ze tato oblast je vyznamnym centrem radiace tohoto rodu a
také oblasti, odkud se H. turcicus rozSiril do ostatnich oblasti.

II. Smid, J., Moravec, J., Zawadzki, M., van den Berg, M. (2015) One
subspecies less for the European herpetofauna: the taxonomic and

nomenclatural status of Hemidactylus turcicus spinalis (Reptilia:
Gekkonidae). Zootaxa, 3911: 443-446.

Jak odhalila predchozi studie, H. turcicus ma napfic svym arealem velmi
melkou genetickou i morfologickou diverzitu. V této navazujici praci jsme se
zaméfili na malo znamy a casto prehlizeny poddruh H. t. spinalis. Tato
subspecie byla popsana Buchholzem v roce 1954 z ostruvku pobliz pobfezi
Menorky na zakladé odliSného zbarveni hibetu. Mnoho autort ji povazovalo
za mladSi synonymum H. turcicus, nicméné dukazy dokladajici jeji
neexistenci nebyly k dispozici. Podnikli jsme tedy terénni expedici na tento
ostrivek za Ucelem nasbirani dalSiho materialu a objasnéni validity tohoto
poddruhu. Morfologicka analyza spolecné s genetickou analyzou dvou
mitochondrialnich a tfi jadernach gent jasné ukazaly, ze jak v genetickych
tak v morfologickych znacich se tato populace nijak nevyclenuje z ostatnich
Mediterannich populaci H. turcicus. Definitivné jsme tedy zamitli existenci
poddruhu H. t. spinalis a synonymizovali ho s H. turcicus.



III. Smid, J., Mazuch, T., Sindaco, R. (2014) An additional record of the
little known gecko Hemidactylus granchii Lanza, 1978 (Reptilia:
Gekkonidae) from Somalia. Scripta Herpetologica. Studies on
Amphibians and Reptiles in honour of Benedetto Lanza, 165-169 pp.

Vychodni Afrika (tzv. Africky Roh) je jednou z herpetologicky nejbohatSich
oblasti svéta. Jeji obtizna dostupnost znemoznuje témer jakykoliv vyzkum a
kazdy novy material z tohoto regionu je pro védu nesmirné cenny. Fauna
plazi Somalska je stale malo probadana, posledni souborné prace byly
publikovany pfed témér 40 lety. Mnoho odtud popsanych druht je stale
znamo pouze z typového materialu. V tomto c¢lanku prinasime informace o
prvnim nalezu gekona Hemidactylus granchii od jeho popisu. Prezentovana
jsou morfologicka data pro vSechny c¢tyri existujici jedince (tento, holotyp,
dva paratypy) a morfologické srovnani s ostatnimi zastupci rodu
Hemidactylus vyskytujicimi se v této oblasti. Tento novy zaznam rozsSiruje
znamy areal rozs§ifeni tohoto druhu o vice nez 450 km.

IV. Smid, J., Carranza, S., Kratochvil, L., Gvozdik, V., Nasher,
A.K., Moravec, J. (2013) Out of Arabia: A Complex Biogeographic
History of Multiple Vicariance and Dispersal Events in the Gecko
Genus Hemidactylus (Reptilia: Gekkonidae). PLoS ONE, 8, e64018.

Tato prace je zaméfena na rekonstrukci fylogenetickych vztaht aridniho
kladu rodu Hemidactylus na Arabském poloostroveé a v prilehlych oblastech.
Analyza tfi mitochondrialnich (12S rRNA, ND4, cyt b) a ¢tyf jadernych genu
(cmos, mclr, ragl, rag2) na datasetu Ccitajicim 358 vzorkll v kombinaci
s analyzou historické biogeografie a analyzou molekularnich hodin umoznila
robustni rekonstrukci evoluce rodu Hemidactylus v Arabii. Identifikovali
jsme sedm novych druhtl a dokazali propojit souvislosti geologické historie
s evoluénimi wudalostmi studované skupiny. Bazalni divergence uvnitr
aridniho kladu koresponduji casové s rozdélenim Arabie a Afriky a
s odtrzenim Sokotry od Arabie a vedly k vikarianénimu rozdéleni druhu.
Nasledné prodeélal rod Hemidactylus vyraznou radiaci na vSech trech
pevninskych celcich, nejvyznamnéjsi vSak v jizni Arabii odkud dochazelo
k opakovanym kolonizacim vSech okolnich oblasti (Afrika, Sokotra, Iran,
Levanta). Jak mnaznacuji zde publikované vysledky, historii rodu
Hemidactylus tedy formovaly jak vikarianc¢ni tak disperzni udalosti a jizni
Arabie predstavuje jeho vyznamneé diverzifikacni centrum.



V. Smid, J., Moravec, J., Kratochvil, L., Gvozdik, V., Nasher, A. K.,
Busais, S. M., Wilms, T., Shobrak, M. Y., Carranza, S. (2013) Two
newly recognized species of Hemidactylus (Squamata, Gekkonidae)
from the Arabian Peninsula and Sinai, Egypt. ZooKeys, 355, 79—
107.

V navaznosti na predchozi rozsahlou fylogenetickou praci se tato studie
zameéruje na taxonomickou revizi jedné z identifikovanych monofyletickych
skupin v ramci Arabské radiace aridniho kladu rodu Hemidactylus. Tato
skupina obsahuje druh H. saba a dva dalSi nepopsané druhy. Pro
taxonomickou revizi byl vyuzit novy material z novych oblasti centralni
Arabie, dosekvenovana chybé&jici data a prozkoumany morfologické znaky.
Existence vSech tfi druhti je dobfe podpofena jak genetickymi tak
morfologickymi znaky. Jeden z neznamych druht je popsan jako novy (H.
ulii), druhy druh byl na zakladé morfologie identifikovan jako H. granosus,
druh struéné popsan Heydenem v roce 1827 a pozdéji povazovany za mladsi
synonymum H. turcicus. Vzhledem k nedostatecnému originalnimu popisu a
chyb¢gjici diagnoze prezentujeme redeskripci a podrobnou diagnézu druhu H.
granosus.

VI. Smid, J., Moravec, J., Kratochvil, L., Nasher, A.K., Mazuch, T.,
Gvozdik, V., Carranza, S. Multilocus phylogeny and taxonomic
revision of the Hemidactylus robustus species group (Reptilia,
Gekkonidae) with descriptions of three new species from Yemen
and Ethiopia. Accepted for publication in Systematics and
Biodiversity.

Az donedavna byl druh H. robustus povazovan za konspecificky s druhem H.
turcicus. Nicméneé geneticka data poukazala na to, ze tyto druhy nejsou nijak
blizce pribuzné a H. robustus tvori monofyletickou skupinu se tremi dalSimi
nepopsanymi druhy. Tato prace cili na tuto skupinu druhu kolem H.
robustus. Multilokusova geneticka analyza vcetné€ species-tree analyzy
spole¢né s mnohorozmérnou analyzou morfologickych znakt (PCA, DFA)
potvrzuji samostatnost detekovanych druht a navzdory jejich morfologické
podobnosti ve velikosti téla, meristické znaky jasné jednotlivé druhy
vymezuji. V této praci popisujeme tfi nové druhy rodu Hemidactylus,
prezentujeme redeskripci H. robustus a poukazujeme na vyznamnost
jihozapadni Arabie a horskych oblasti Etiopie coby wunikatnich center
endemismu a diverzity plazut.
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Gvozdik, V. (2011) High genetic differentiation within the
Hemidactylus turcicus complex (Reptilia: Gekkonidae) in the Levant,

with comments on the phylogeny and systematics of the genus.
Zootaxa, 2894, 21-38.

Hemidactylus turcicus is a species widespread in the Mediterranean. Its
current distribution is believed to be a result of human-mediated dispersal
within the last millennia, yet its biogeographic affinities remained unknown.
Using complete cytochrome b sequences, this paper focuses on the
diversification within H. turcicus and its phylogenetic position among other
Hemidactylus species. Special attention is paid especially to other eastern
Mediterranean species, including the subspecies H. t. lavadeserticus. Genetic
data reveal high diversification of Hemidactylus in the Levant with a new
species present in Jordan. This species is described in this work as H.
dawudazraqi. The data also support the species status for H. t.
lavadeserticus. Very shallow genetic structuring within H. turcicus supports
the hypothesis of recent dispersal. Two main clades of H. turcicus correspond
approximately to the northern and southern part of its Mediterranean range.
The high diversification of Hemidactylus in the Levant and the presence of
the basal clade of H. turcicus there suggest that this region has been an
important radiation centre from where H. turcicus probably expanded to its
current range.

II. Smid, J., Moravec, J., Zawadzki, M., van den Berg, M. (2015) One
subspecies less for the European herpetofauna: the taxonomic and
nomenclatural status of Hemidactylus turcicus spinalis (Reptilia:
Gekkonidae). Zootaxa, 3911: 443-446.

Hemidactylus turcicus has very shallow genetic structure and low degree of
morphological variability across its range. Following the results of the first
paper we here focused on another enigmatic subspecies, H. t. spinalis. The
subspecies was described by Buchholz in 1954 from a small islet off the
coast of Menorca on the basis of its different colour pattern. It has been
considered a younger synonym of H. turcicus by most authors, but sufficient
evidence to wundertake official synonymization was still lacking. We
conducted a field work in order to sample new material from the type locality
that could be used for direct comparison with other H. turcicus populations
and clarify the status of the little known subspecies. Morphological
examination and sequences of two mitochondrial and three nuclear genes
allowed us to assess the validity of this subspecies. The topotypes (and also
morphotypes) of H. t spinalis share identical haplotypes with other
Mediterranean H. turcicus samples in all studied genes and morphological
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characters also overlap. Therefore we reject the subspecies status of this
island population and synonymize H. t. spinalis with H. turcicus.

III. Smid, J., Mazuch, T., Sindaco, R. (2014) An additional record of the
little known gecko Hemidactylus granchii Lanza, 1978 (Reptilia:
Gekkonidae) from Somalia. Scripta Herpetologica. Studies on
Amphibians and Reptiles in honour of Benedetto Lanza, 165-169 pp.

The Horn of Africa is one of the richest regions of the world in terms of
reptiles. The inaccessibility of the area hampers the research of local
herpetofauna and any material from here is very valuable for science. The
reptile fauna of Somalia is very poorly known, the last compendia were
published almost 40 years ago. Moreover, many species are known only from
the type material. In this paper we report the first finding of Hemidactylus
granchii known until today only from the holotype and two paratypes. We
provide morphological comparison of all known existing specimens and with
other Hemidactylus species in the area. The new record extends the
distribution of this endemic species more than 450 km north-westwards.

IV. Smid, J.,Carranza, $S., Kratochvil, L., Gvozdik, V., Nasher,
A.K., Moravec, J. (2013) Out of Arabia: A Complex Biogeographic
History of Multiple Vicariance and Dispersal Events in the Gecko
Genus Hemidactylus (Reptilia: Gekkonidae). PLoS ONE, 8, e64018.

This paper focuses on a large-scale phylogeny of the arid clade of
Hemidactylus on the Arabian Peninsula and its surroundings. By analyzing
up to three mitochondrial (12S rRNA, ND4, cyt b) and four nuclear gene
fragments (cmos, mclr, ragl, rag2) with a data set consisting of 358 samples
we were able to reconstruct robust phylogeny of the Arabian Hemidactylus.
The time-calibrated analysis unveiled an unexpectedly high genetic diversity
within this clade with at least seven undescribed species identified.
Furthermore, by reconstructing the biogeographic history of the genus we
were able to link its evolutionary history with major geological events that
occurred in the area within the last 30 million years. Two basal divergences
correspond with the break-ups of the Arabian and African landmasses and
the separation of Socotra from the Arabian mainland, respectively,
segregating the genus by means of vicariance. The formation of the Red Sea
led to isolation of the Arabian Peninsula where Hemidactylus underwent
massive radiation in the Miocene and from where it dispersed repeatedly to
Africa, Socotra, Iran, and the Levant. Therefore, as we show in this paper,
the evolutionary history of Hemidactylus in Arabia and its surroundings has
a complex pattern of several vicariant and multiple dispersal events. The
Arabian Peninsula represents the source region for Hemidactylus dispersal.
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V. Smid, J., Moravec, J., Kratochvil, L., Gvozdik, V., Nasher, A. K.,
Busais, S. M., Wilms, T., Shobrak, M. Y., Carranza, S. (2013) Two
newly recognized species of Hemidactylus (Squamata, Gekkonidae)
from the Arabian Peninsula and Sinai, Egypt. ZooKeys, 355, 79—
107.

As a follow-up of the previous study, here we present a detailed view on one
of the monophyletic species groups identified in the large-scale phylogenetic
analysis of Hemidactylus. The group contains three species (H. saba and two
until now unrecognized species) and is therefore termed the Hemidactylus
saba species group. We provide a taxonomic revision of this species group
using genetic and morphological data and new material from new regions. All
three species are well supported by both morphological and genetic evidence.
One of the species is described as new (H. uli). The second species was
identified as H. granosus, a species superficially described by Heyden in
1827 and later placed in the synonymy of H. turcicus. Since this older name
was available, but its original description was not sufficient for today’s
standards in taxonomy, we provided a redescription and re-diagnosis of H.
granosus.

VI. Smid, J., Moravec, J., Kratochvil, L., Nasher, A.K., Mazuch, T.,
Gvozdik, V., Carranza, S. Multilocus phylogeny and taxonomic
revision of the Hemidactylus robustus species group (Reptilia,
Gekkonidae) with descriptions of three new species from Yemen
and Ethiopia. Accepted for publication in Systematics and
Biodiversity.

Until relatively recently, H. robustus was considered conspecific with H.
turcicus for their morphological similarity. However, genetic data revealed
that these two taxa are not even closely related. Instead, H. robustus belongs
to a group of four species of which the other three are undescribed. We here
aim at this species group, employing multilocus phylogenetic analysis (six
genes) and also species-tree analysis together with multidimensional
analyses of morphological characters (PCA, DFA). All available data support
the existence of all these putative species and despite they cannot be
distinguished on the basis of metric characters (body shape), meristic
characters prove to be useful for their determination. Our results presented
in this paper highlight the importance of the southwest Arabia and the
Ethiopian highlands as one of the world’s hotspots unique for its endemic
and extremely rich reptile fauna.
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