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Abstrakt

Diserta¢ni prace, jejimz zakladem jsou tii jiz publikované prace a jeden rukopis, je zaméfena
na fylogenezi vybranych rodi gekonii z oblasti Mediteranu a oblasti piilehlych. Cilovou
skupinu taxonli spojuje z morfologického hlediska absence piisavnych lamel na prstech
a z hlediska historie vyzkumu skupiny také jejich predpokladana blizkd fylogeneticka
ptibuznost. Na problematiku studovanou v této praci byly aplikovany predev§im metody
molekularni fylogenetiky S vyuzitim sekvencnich dat ziskanych z mitochondridlnich gend.
Morfologické znaky, u jestért tradiéné pouzivané, byly zkoumany zejména v souvislosti
s ekologii studovanych forem. Price umoznila prvni podrobnéjsi nahled na fylogenezi
zkoumanych taxonud. Ze zjisténych vysledkt vyplyva, ze rod Cyrtopodion, diive povazovany
za monofyleticky, monofylem neni, nebot’ rody Bunopus a Agamura tvoii jeho wvnitini
skupiny. Jeho podrod Mediodactylus tvoii monofylum, nikoli v§ak blizce pfibuzné ostatnim
zastupcum rodu a byl povySen na samostatny rod Mediodactylus. Enigmaticky a doposud
pomérné malo prozkoumany rod Carinatogecko tvofi se vSemi svymi zastupci vnitini skupinu
rodu Mediodactylus. Na zaklad¢ vné&jsi morfologie a ekologickych charakteristik bylo téz
doporuceno pretadit recentné popsany druh Cyrtopodion dehakroense z Pakistanu do rodu
Mediodactylus. Fylogenetickou analyzou sekvencnich dat, doplnénou ekologickym
modelovanim nik, byl podpofen druhovy status obou znadmych poddruhtt druhu Bunopus

spatalurus.



Abstract

This Ph.D. thesis is composed of three published articles and one manuscript, and is focused
on the phylogenetic relationships of selected species of geckos from the Mediterranean and
surrounding areas. The group of geckos of interest shares the common characteristic of an
absence of adhesive lamellas on their toes. Historically, it was assumed that these species
were closely related. Molecular-phylogenetic approaches were used in order to reveal the
phylogenetic relationships within this group, especially using the sequence data from
mitochondrial genes. Morphological characteristics commonly used in lizards were studied in
connection with the ecology of the group. This thesis provides the first more detailed view of
the phylogeny of the studied species. The results show that the genus Cyrtopodion, previously
considered as monophyletic, in fact is not monophyletic as the genera Bunopus and Agamura
represent its inner groups. Mediodactylus, the subgenus of Cyrtopodion, forms monophylum
but is not closely related to the other members of the genus and so was reclassified as the
independent genus. The enigmatic and yet so far very poorly studied genus Carinatogecko
was discovered to be the inner group of the genus Mediodactylus. The recently described
species Cyrtopodion dehakroense was therefore transferred to the genus Mediodactylus based
on ecological and morphological data. Phylogenetic analysis of sequence data enhanced by
ecological niche modelling supported the specific status of the two recognized subspecies of

Bunopus spatalurus.



Uvod

Diserta¢ni prace je zaméfena piedevS§sim na rekonstrukci fylogeneze druhové bohatého
rodu Cyrtopodion sensu lato (Celed Gekkonidae) a n€kolika dalSich potencialné blizce
ptibuznych rodi ze skupiny takzvanych palearktickych ,,nahoprstych® gekonti z Mediteranu
a prilehlych oblasti. Tito gekoni postradajici na prstech adhezivni lamely tvoii vyznamnou
slozku noc¢ni herpetofauny ve vétSin€ oblasti svého vyskytu. Zastupce je mozno nalézt od
Mediteranu pies Blizky Vychod a jihozapadni Asii az po severni Indii a Gpati Himalaje, na
severu se vyskytuji az ve Stfedni Asii. VétSina druht z této skupiny gekonl je dobie
ptizplsobena Zivotu v aridnich oblastech. Jednotlivé formy se 1isi nejen svou morfologii, ale
také v preferovanych biotopech (skaly, stromy, pisCité, spraSové ¢i kamenité biotopy), nékteré
druhy ziji i synantropné (napt. Anderson 1999).

Fylogeneze nejen vlastniho rodu Cyrtopodion, ale i celé skupiny, byla donedavna
prakticky neznama. Zalozena byla pouze na morfologickém a aredlovém srovnani
jednotlivych taxont, bez podpory ve fylogenetické analyze. Rovnéz taxonomie skupiny byla
a je vlivem absence znamé fylogeneze zna¢né komplikovana a dosud neustalena. Samotny rod
Cyrtopodion sensu lato zahrnoval diive téméf 40 druht (viz napf. seznam druhi v Uetz
a Hosek 2014). Szczerbak a Golubev (1986) ve své shrnujici praci predlozili jeden z moznych
nahledd na fylogenezi rodu, kdy uvazovali rod Cyrtopodion s podrody Cyrtopodion,
Mediodactylus a Tenuidactylus. Cast druht z Tibeto-Himalajské oblasti nicméné do Zzadného
podrodu zafazena nebyla. Po pfedchozich historickych nomenklatorickych peripetiich byla
nakonec toto ustalena predstava, jejiz platnost byla vice ¢i méné akceptovana po zhruba
nasledujici dvé desetileti.

Dal$im vyznamnym milnikem v pohledu na fylogenezi rodu Cyrtopodion byla souhrnna
prace Andersona (1999). Autor vramci rodu nerozliSoval podrody, ale Ctyfi ne nutné
monofyletické, avSak morfologicky dobte odlisitelné skupiny druht. Témto skupinam
(agamuroides, caspium, kotschyi a scabrum) nasledné ptifadil urcité potencialni
synapomorfie charakterizujici jednotlivé skupiny.

Nejasnosti v zafazeni druht z Tibeto-Himalajské oblasti se pokusil osvétlit Khan (2003)
ustanovenim novych rodu Altigekko, Indogekko a Siwaligekko, pfedevsim pak v souvislosti
s neur¢itym rodovym fazenim fady nov€ popisovanych druhli z oblasti. Pfinos k objasnéni
celkové situace v ramci diverzity rodu vsak byl jen castecny, vzhledem k absenci podptrné

fylogenetické analyzy.



Urcitou odlisnost druhti fazenych do podrodu Mediodactylus (odpovidajici skupiné
kotschyi dle prace Anderson 1999) naznacila fylogeneticka analyza alozymovych dat (Macey
et al. 2000). Studované druhy z tohoto podrodu tvotily samostatnou skupinu, oddélenou od
ostatnich zastupci rodu Cyrtopodion. Autory bylo proto navrzeno povySeni podrodu
Mediodactylus na rodovou uroven, nicmén¢ tato taxonomicka uprava nebyla obecné ptijata.

Dobfte definovany rod Bunopus s recentné fazenymi ¢tyfmi zastupci a monotypicky rod
Agamura byly povazovany za fylogeneticky blizce piibuzné gekontim z rodu Cyrtopodion
(viz napt. Szczerbak a Golubev 1986 a Anderson 1999). Osvétleni ptibuznosti vSech vyse
zminovanych rodi na zdklad¢ fylogenetické analyzy zalozené na sekvencnich datech je
obsahem prvni publikace zafazené do disertacni prace.

Rod Carinatogecko ustanovili Golubev a Szczerbak (1981) a zahrnuli do néj dva druhy
endemické pro oblast upati Zagrosu Irdku a [ranu. Ve stejné praci vSak na zakladé
morfologickych znakt zatadili rod Carinatogecko do sesterské pozice k druhu Mediodactylus
heterocercus, diive Cyrtopodion heterocercum. Nynéjsi rod Mediodactylus se tak stal
parafyletickym. Objasnéni fylogenetického postaveni rodu Carinatogecko, opét na zakladé
analyzy sekvenci, je tématem druh¢ studie z predkladané disertacni prace.

Treti kapitolu této disertani prace tvofi publikace, zabyvajici se rodovym fFazenim
a validitou arborealniho druhu z jizniho Pakistanu, ktery v rodé¢ Cyrtopodion na zakladé
morfologickych znakt popsal Masroor (2009).

Obsahem ¢tvrté kapitoly je pfipravovany rukopis, zaméteny na taxonomii a biogeografii
druhu Bunopus spatalurus z jihu Arabského poloostrova. V ramci tohoto druhu s disjunktnim
aredlem jsou recentné rozliSovany dva morfologicky odlisné poddruhy. S vyuzitim
fylogenetické analyzy sekvenci fe$i tato studie vzajemny vztah mezi obéma poddruhy.
Rozsifujici analyza vhodnych klimatickych podminek vyskytu téchto dvou forem
vV soucasnosti a v dob& posledniho maximalniho zalednéni je diskutovana s vysledky

fylogenetické analyzy.

Cile prace

Primarnim cilem disertacni prace bylo osvétlit fylogenetické vztahy ve skuping
potencialn¢ blizce piibuznych gekont rodti Agamura, Bunopus, Carinatogecko a predevsim
v ramci druhové bohatého rodu Cyrtopodion. Pomoci fylogenetického pfistupu analyzovat

nov¢ ziskana sekvenéni data metodami fylogenetickymi, coz bylo u studované skupiny



»hahoprstych® gekonli dosud prakticky opomijeno. DalS§im zcili pak bylo prozkoumat
monofylii morfologicky odlisnych skupin druhti (agamuroides, caspium, kotschyi a scabrum)
dle Andersona (1999) a podrodti Cyrtopodion, Mediodactylus a Tenuidactylus v ramci rodu
Cyrtopodion, jak jej chape Szczerbak a Golubev (1986), zejména v souvislosti s ekologickou

diverzitou studovanych druht.

Material a metodika

Vychozim materidlem celé studie byl zejména bohaty sbirkovy materidl pochéazejici ze
sbirek Ptirodovédecké fakulty Univerzity Karlovy v Praze. Material z této kolekce obsahuje
i nékteré unikatni zastupce studované skupiny gekonid. Ze sbirkového materialu byly
odebrany vzorky DNA, a byl také vyuzit pro ziskdni morfologickych a morfometrickych
znakd, klasicky pouzivanych v taxonomii jestéri. Pro fylogenetické analyzy sekvencnich dat
byly zvoleny ¢aste¢né sekvence mitochondrialnich genti pro malou ribosomalni podjednotku
(12S rRNA) a protein kodujici sekvence cytochromu b. Oba tyto geny jsou jiz tradi¢né
vyuzivany pro studium fylogeneze jestért a plazti vibec. Ziskand sekvencni data byla
podrobena analyze metodami klasické fylogenetiky a Bayesovské analyze. V posledni
kapitole disertacni prace byly vyuzity také sekvence jaderného C-mos genu pro analyzu
haplotypti a byly zde také aplikovany metody modelovani ekologickych nik studovanych

taxonu.

Vysledky a diskuse

Fylogeneticka analyza sekvencnich dat z prvni Kkapitoly disertacni prace upozornila
zejména na skuteCnost, ze rod Cyrtopodion sensu lato neni monofyleticky. Gekoni rodu
Agamura a Bunopus se ukdzali byt blize pfibuzni studovanym zastupcim ze skupin
agamuroides, caspium a scabrum, nez skupiné kotschyi, odpovidajici podrodu Mediodactylus.
Odlisnost druhi z podrodu Mediodactylus tak byla v souladu s diivéjsi analyzou alozymovych
dat (Macey et al. 2000). Nase prace potvrdila opravnénost rodového statutu podrodu
Mediodactylus.

V ramci vlastniho rodu Cyrtopodion sensu stricto se podafilo podpofit monofylii
jednotlivych skupin druh dle Andersona (1999) a s vyjimkou podrodu Cyrtopodion také

monofylii jednotlivych podrodii uvazovanych v praci Szczerbak a Golubev (1986).



Nejednoznaéné vysledky analyzy vzhledem k pozici jednotlivych forem zahrnutych do
skupiny agamuroides naznacily, Ze se zde patrné jedna o komplex nékolika druht. Pouziti
sekvenci mitochondridlnich genti se ukazalo jako dostacujici k odhaleni fylogenetickych
vztahl uvnité jednotlivych linii, nicméné pro ziskani celkového obrazu piibuznosti mezi
liniemi tomu tak jiz nebylo. Bauer et al. (2013) ve své revidujici a druhové rozsitujici studii
pouzili pro svou analyzu geny nuklearni a podpofili nase vysledky, podafilo se jim vsak také
potvrdit monofylii vSech t# dfivéjSich podrodd rodu Cyrtopodion (Cyrtopodion,
Mediodactylus a Tenuidactylus) a navrhuji jejich rodovy status.

Fylogeneticka pozice rodu Agamura zistava nejasna, rod je vsak ziejme blizce piibuzny
studované skupiné¢ gekond S vyjimkou rodu Mediodactylus. Dtive piedpokladanou blizsi
fylogenetickou ptibuznost s druhy ze skupiny agamuroides se nepodatilo ové&fit. Nicméné ani
nepotvrzeno zistava fazeni dosud dobie podpotfeného monofyletického rodu Bunopus do
piibuzenstva gekont rodu Cyrtopodion sensu stricto. Tuto skutecnost nepotvrdila ani analyza
nuklearniho C-mos genu (Han et al. 2004), pouzitim vétsiho poétu jadernych gent v§ak Bauer
et al. (2013) podpofili umisténi rodu Bunopus do blizkosti rodu Agamura. NaSe vysledky
nicméné naznacily, Ze $iroce rozSifeny druh Bunopus tuberculatus mize byt parafyleticky
vzhledem k druhu Bunopus crassicauda.

V druhé kapitole disertacni prace jsme provedli fylogenetickou analyzu s vyuzitim
sekvenci stejnych gent jako v pfedchozi praci zamétené zejména na rod Cyrtopodion s cilem
osvétlit fylogenetickou pozici gekonti rodu Carinatogecko. Vysledky prokazaly zatazeni rodu
Carinatogecko do rodu Mediodactylus a potvrdily tak hypotézu, kterou ve své praci nastinili
Golubev a Szczerbak (1981). Rod Carinatogecko tak bylo mozné synonymizovat s rodem
Mediodactylus, kam tito gekoni spadaji také na zakladé¢ své vné&jsi morfologie. Pro rod
Mediodactylus je charakteristicka synapomorfie urujici umisténi a pocet ocasnich tuberkul,
které¢ v poctu Sesti na kazdém segmentu netvoii jejich termindlni linii, ale jsou umistény
uprostied téchto segmentd (podle Anderson 1999). Tento znak sdileji i zastupci rodu
Carinatogecko. Typickou vyraznou kylnatost prakticky vSech Supin téla téchto gekont Ize
také chapat jako pouhé rozsifeni jistého evolucniho trendu charakteristického pro cely rod
Mediodactylus.

Na zakladé¢ podrobného rozboru klicovych znakt folidozy definujicich oba druhy
(Mediodactylus aspratilis a Mediodactylus heteropholis) nebylo mozné jednozna¢n¢ druhové
urcit nam dostupné jedince, tito byli proto v nasi praci ptiivodné oznaceni jako Carinatogecko

cf. heteropholis. Ani recentni popis (Torki 2011) morfologicky velmi podobného druhu



Mediodactylus stevenandersoni nam neumoznil dostupné jedince piesné identifikovat.
Vzhledem k tomu, Ze klicové znaky urcujici jednotlivé druhy byly stanoveny na zakladé
studia velmi malého poctu jedincli, neni mozné S urcitosti vyloucit, Zze se v piipadé druht
M. aspratilis, M. heteropholis a M. stevenandersoni nejedna o jeden druh. Analyza
sekvencnich dat, pfedev§im typového materidlu nebo materidlu z oblasti typovych lokalit,
ktera by v tomto piipadé mohla byt napomocna, vsak neni dosud k dispozici.

Ve treti publikaci zafazené do disertacni prace jsme se pokusili poukazat na dilezitost
nalezit¢tho komparativniho mezidruhového srovnani pii popisech novych druhi pouze na
zakladé wvn&jsi morfologie. Masroor (2009) popsal vrodé Cyrtopodion na zakladé
morfologickych znakti novy arborealni druh z jizniho Pakistanu. Tento popis vsak zcela
korespondoval s piejatou definici rodu Mediodactylus, jak ji uvadi Anderson (1999). Novy
druh Cyrtopodion dehakroense také sdilel piedpokladanou synapomorfii rodu, definovanou
poctem a umisténim ocasnich tuberkull na jednotlivych segmentech ocasu. Peclivy rozbor
dalsich morfologickych a morfometrickych znakt ukazal, ze popisovany druh je jednoznacné
zastupcem rodu Mediodactylus, se kterym jej poji i podobna ekologie. Arborealita tohoto
druhu je totiz relativné Casta u zastupct rodu Mediodactylus, neni vSak vubec typicka pro
gekony rodu Cyrtopodion. Zjevna podobnost nové popsané¢ho druhu s také arborealnim
druhem Mediodactylus sagittifer z iranského Balucistanu nas vedla k dikladnému srovnani
téchto dvou druhti. Na zéakladé dostupnych udaji pak nebylo mozné vyloucit, ze se zde jedna
o zastupce jediného druhu M. sagittifer. Velka vzdalenost typovych lokalit obou forem vs§ak
vyzaduje pro definitivni rozhodnuti o druhové pfislusnosti zevrubnéjsi studii, nejlépe
doplnénou analyzou molekularnich dat.

Ctvrta kapitola ve formé rukopisu shrnuje vysledky studie zaméfené na objasnéni
vzajemného vztahu mezi dvéma morfologicky odlisnymi poddruhy gekona druhu Bunopus
spatalurus. Fylogeneticka analyza c¢asteénych sekvenci mitochondrialniho genu pro
12S rRNA odhalila zna¢nou odlisnost obou poddruhti s genetickymi vzdalenostmi na trovni
dobie oddélenych druhi. Vysledky podpofila i analyza haplotypi jaderného C-mos genu
vzhledem k absenci sdilenych haplotypti. V praci proto navrhujeme povysit poddruh
B. s. hajarensis na druh Bunopus hajarensis.

Dopliujici analyza modelovani ekologickych nik s vhodnymi klimatickymi
podminkami pro vyskyt druht B. hajarensis a B. spatalurus ukazala, Ze ackoli se niky obou
druht signifikantné 1isi, je jejich podobnost znacna. Oba druhy vyzaduji relativné chladnéjsi
avlh¢i klima, coz muze byt divodem jejich recentniho vyskytu v relativné izolovanych

horskych oblastech a jejich absenci v poustnich aridnich nizinach. Modely distribuce druhd



sice naznacCily moZznost vétSiho rozsifeni v dobé posledniho maximalniho zalednéni nez je
recentni, ovSem i tehdy ziejm¢ existovalo v oblasti nyn¢jsiho centralniho Omanu tzemi
s nevyhovujicimi  klimatickymi  podminkami, které tak pravdépodobné pfispclo

k prostorovému oddéleni obou druhd.

Zavéry

Poznani fylogeneze skupiny ,,nahoprstych® gekont ptfedstavuje jeden z mnoha dil¢ich
cili studia evoluce fauny Mediteranu a Palearktu vibec. Tato disertacni prace ukazala, ze
diverzifikovany a druhové velmi bohaty rod Cyrtopodion sensu lato neni monofyleticky. Byla
povysen na uroven rodu. Malo znamy a enigmaticky rod Carinatogecko byl synonymizovan
srodem Mediodactylus a byla diskutovana validita druhd dfive fazenych do rodu
Carinatogecko. Vyznam dusledné komparativni analyzy pii popisu novych druhii pouze na
zaklad¢ morfologickych znakii byl demonstrovdn na piipadu popisu nového druhu
z Pakistanu. Fylogenetickd analyza sekvenci spolu s dopliujicim modelovanim ekologickych
nik prokazala, Ze dva morfologicky odlisné poddruhy druhu Bunopus spatalurus jsou dobie
definovanymi druhy. Prace zaroven poukazala na dulezitost analyzy molekularnich znakt
vedle klasicky pouzivanych znakd morfologickych. Vyznamnost pouziti molekularnich dat
bude pfi poznavani druhové diverzity jisté stale patrnéjsi, klicovym prvkem pak bude ziejmée

I nadale dostupnost vhodného materialu pro studie tohoto typu.
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Introduction

This Ph.D. thesis is focused on exploring the phylogenetic relationships of the species-
rich genus Cyrtopodion sensu lato (family Gekkonidae) and several potentially closely related
genera from the group of Palearctic, so-called “naked-toed” geckos of the Mediterranean and
adjacent regions. These geckos lack adhesive lamellas on their toes and represent a very
important part of the nocturnal herpetofauna in their distribution areas. Members of this group
can be found in areas from the Mediterranean, across the Near East and southeast Asia up to
north India and the foot of the Himalayan mountains, in the north they live up to Middle Asia.
The vast majority of these species are well adapted to life in arid areas. Individuals differ not
only in morphology but also in their preference for certain biotopes (rocks, stones, sand, loess
or trees), with some species even living synatropically (e.g. Anderson 1999).

The phylogenetic relationships inside the genus Cyrtopodion and also of the whole
group were until recently basically unknown. The understanding of relationships inside this
group was based only on the comparison of the morphology and distribution of individual
taxa without the support of phylogenetic analyses. The taxonomy of this group also suffered
from a lack of knowledge of the phylogenetic relationships and so remains complicated and
unstable. The genus Cyrtopodion sensu lato earlier included almost 40 species (e.g. list of
species in Uetz and Hosek 2014). Szczerbak and Golubev (1986) presented a possible
scenario for the phylogeny inside the genus. In their publication they considered the genus
Cyrtopodion to include the subgenera Cyrtopodion, Mediodactylus and Tenuidactylus. Part of
the species from the Tibet-Himalayan region was not however incorporated into any of these
subgenera. Despite this, after previous nomenclatural efforts, this scenario finally became
fully established and accepted for approximately the next two decades.

Another important breakthrough in the view of the phylogeny of the Cyrtopodion genus
came from the publication of Anderson (1999). The author did not distinguish subgenera but
four, not necessarily monophyletic, but morphologically well differentiated groups of species.
Possible synapomorphies were later attributed to each of these groups (agamuroides,
caspium, kotschyi and scabrum).

Khan (2003) tried to resolve the inconsistencies present due to the inclusion of species
of the Tibet-Himalayan region by establishing the new genera Altigekko, Indogekko and
Siwaligekko, particularly in connection with the uncertain positions of the many newly
described species from this area. The contribution to the clarity of the entire diversity of the

genus was however only limited due to the lack of supporting phylogenetic analysis.



Specific differences between the species listed in the subgenus of Mediodactylus
(corresponding to the kotschyi group based on Anderson 1999) were suggested by the
phylogenetic analysis of alozyme data (Macey et al. 2000). Studied species of this subgenus
created an independent group separated from other members of the Cyrtopodion genus.
Therefore the authors suggested moving the subgenus Mediodactylus up to the genus level.
This taxonomical change was however not generally accepted.

The well-defined genus Bunopus, with four members recently listed, and the monotypic
genus Agamura, were considered to be phylogenetically closely related to the geckos from the
genus Cyrtopodion (e.g. Szczerbak and Golubev 1986 and Anderson 1999). Clear
identification of the phylogenetic relationships of all the mentioned genera based on analysis
of sequences represents the content of the first chapter of this thesis.

The genus Carinatogecko was established by Golubev and Szczerbak (1981) and
consists of two species endemic for areas at the foot of the Zagros Mountains in Irag and Iran.
The same article however presented the genus Carinatogecko at the sister position to the
species Mediodactylus heterocercus, earlier Cyrtopodion heterocercum, based on
morphological characteristics. The genus Mediodactylus as recognized in the present thus
becomes paraphyletic. The clarification of the phylogenetic position of the genus
Carinatogecko, again based on analysis of sequences, is the topic of the second chapter of this
thesis.

The third chapter of this thesis is based on the publication focused on the genus
assignment and species validity of an arboreal species from southern Pakistan from the genus
Cyrtopodion, as described by Masroor (2009).

Fourth chapter of the thesis, which is a manuscript in preparation, is focused on
taxonomy and biogeography of the species Bunopus spatalurus from the southern Arabian
Peninsula. Currently, two morphologically distinct subspecies are recognized in this species
with disjunctive distribution. Based on phylogenetic analysis of sequences, the study is
attempting to uncover relationship between the two subspecies. Ecological analysis of suitable
climatic conditions for the distribution of these forms at present and also during the period of

the last glacial maximum is discussed with the results of phylogenetic analysis.



Aims of the study

The aim of this thesis is to shed light onto the phylogenetic relationships of the possibly
closely related species of genera Agamura, Bunopus, Carinatogecko and especially inside the
species-rich genus Cyrtopodion. It was important to test the newly obtained data from
phylogenetic approaches which was omitted from the studied group of “naked-toed” geckos.
Another important aim is to explore the monophyly of the morphologically diversified groups
of geckos (agamuroides, caspium, kotschyi and scabrum) based on Anderson (1999) and
subgenera Cyrtopodion, Mediodactylus and Tenuidactylus of the genus Cyrtopodion as
described by Szczerbak and Golubev (1986) and to compare the findings especially with the

ecological diversity of the geckos in interest.

Material and methods

Most of the material for the whole study came from the extensive collection of the
Faculty of Science, Charles University in Prague, containing many unique specimens of
geckos from the group of interest. The collection was used not only for DNA samples but also
to gather morphological characteristics traditionally used in the taxonomy of lizards.
Phylogenetic analyses of sequence data were performed based on partial sequences of
mitochondrial genes for small ribosomal compartment (12S rRNA) and protein coding
sequences of cytochrome b. Both genes are traditionally used for phylogenetic studies in
lizards and in reptiles in general. Sequence data were subsequently analysed using classical
phylogenetic and Bayesian approaches. For the purposes of the fourth chapter, the nuclear
C-mos gene for haplotype analysis was sequenced. The methods of environmental niche
modelling were also applied on the taxa from this study.

Results and discussion

Phylogenetic analysis of sequence data from the first chapter of the thesis importantly
uncovered the fact that the genus Cyrtopodion sensu lato is not monophyletic. Geckos from
the genera Agamura and Bunopus were discovered to be related closer to the studied members
of the groups agamuroides, caspium and scabrum, than the kotschyi group which corresponds

to the subgenus Mediodactylus. The difference of the species from Mediodactylus subgenus



then correlates with the alozyme analysis (Macey et al. 2000). Our article thus confirms the
legitimacy of the generic status of Mediodactylus.

Inside the genus Cyrtopodion sensu stricto we succeeded in supporting the monophyly
of the individual groups as described by Anderson (1999) and, with the exception of the
subgenus Cyrtopodion, we also confirmed the monophyly of the subgenera suggested by
Szczerbak and Golubev (1986). With regard to the position of particular lineages included in
the group agamuroides, the inconsistent results suggest that there is most likely a species
complex. Using mitochondrial gene sequences proved sufficient to uncover the phylogenetic
relationships inside individual lineages, however it was not strong enough to obtain the whole
view of the relationships between the lineages. Bauer et al. (2013) in their revising and
expanding study used for their analysis nuclear genes and supported our results, they also
confirmed the monophyly of the three former subgenera of the genus Cyrtopodion
(Cyrtopodion, Mediodactylus and Tenuidactylus) and suggested their generic status.

The phylogenetic position of the genus Agamura remains unresolved. The genus is
however most likely closely related to the geckos of the studied group, with the exception of
the geckos from genus Mediodactylus. The previously suggested close phylogenetic
relationship with species from the agamuroides group was not confirmed, not even the
analysis of the nuclear genes was successful in this respect (Bauer et al. 2013). Similarly, the
position of the well supported monophyletic genus Bunopus in the respect of the close
relationship to Cyrtopodion sensu stricto continues to be unresolved. The relationship was not
supported even by analysis of the nuclear C-mos gene (Han et al. 2004). By analysing
a higher number of the nuclear genes Bauer et al. (2013) later supported the close
phylogenetic position of the genera Bunopus and Agamura. Our results however show that the
widespread Bunopus tuberculatus can be paraphyletic in the respect of Bunopus crassicauda.

In the second chapter of the thesis we analysed the same genes as previously described
to resolve the phylogenetic position of geckos from the genus Carinatogecko. Our results
suggest the insertion of the genus Carinatogecko inside the genus Mediodactylus and
therefore support the earlier view suggested by Golubev and Szczerbak (1981). The genus
Carinatogecko was thus synonymized with the genus Mediodactylus, supported also by the
morphological characteristics of these geckos. The geckos from the genus Mediodactylus
share the synapomorphy of the position and number of the tail tubercles. The tubercles in
groups of six on each segment of the tail do not form a terminal line but are spread in the
middle of the segments (Anderson 1999). This characteristic is common also for the geckos of

the Carinatogecko genus. The typical keel shape of basically all scales on the body of these



geckos could be regarded as an extension of the evolutionary trend characteristic for the
whole genus Mediodactylus.

Based on the detailed analysis of the key marks on the pholidosis which define the
species Mediodactylus aspratilis and Mediodactylus heteropholis we were not able to
unequivocally identify the specimens of these two species in our collection. In our original
article these geckos were therefore assigned as Carinatogecko cf. heteropholis. Not even the
recent description (Torki 2011) of the morphologically very similar species Mediodactylus
stevenandersoni helped us to identify the species in our material. Taking into account that the
key characteristics for identification of the particular species were derived from a very small
number of specimens, we cannot exclude the possibility that the currently recognized species
M. aspratilis, M. heteropholis and M. stevenandersoni are not in fact one species.
Unfortunately the analysis of sequences which would be very helpful in this case, especially if
performed from type material or material from type localities, is not available.

In the third article included in this thesis we attempt to convey the importance of
detailed interspecific comparison when species are described based only on morphological
characteristics. Masroor (2009) described a new arboreal species of the genus Cyrtopodion
from southern Pakistan. This description however corresponds exactly to the definition of the
genus Mediodactylus based on Anderson (1999). New species Cyrtopodion dehakroense also
shares the suggested synapomorphy of the whole genus Mediodactylus — the number and
position of the tubercles of the tale segments. Detailed analysis of other morphological and
morphometric characteristics proved that the newly described species is unequivocally
a member of the genus Mediodactylus sharing even the ecological characteristics of the
geckos from this genus. Arboreality of this species is rather common in members of genus
Mediodactylus, but it is never present in the genus Cyrtopodion. The obvious similarity of the
newly described species with Mediodactylus sagittifer from Baluchistan, Iran, led us to make
a detailed comparison of these two species. Based on this comparison we can conclude that
with high probability the newly described C. dehakroense may in fact be M. sagittifer. The
large geographical distance of the type localities however do not allow the unequivocal
synonymization of these two species and requires further analyses especially with the
inclusion of molecular techniques.

The fourth chapter represents the study, which is attempting to clarify the relationship
between two morphologically distinct subspecies of the gecko Bunopus spatalurus.
Phylogenetic analysis of partial sequences of mitochondrial 12S rRNA gene revealed

significant differences between both subspecies with genetic distances at level of separated



species. The results were also supported by haplotype analysis of nuclear C-mos gene due to
the absence of shared haplotypes. Therefore, we recommend elevating the subspecies
B. s. hajarensis at species Bunopus hajarensis.

Additional ecological niches modelling focused on suitable climatic conditions for the
distribution of species B. hajarensis (distributed mainly in Hajar Mountains in Oman) and
B. spatalurus (distributed in Dhofar Mountains and in Yemen) suggest that although the
niches of both species are significantly different, their similarity is quite high. Both species
require relatively cooler and wet climate, which may be reason for their recent distribution in
isolated mountain ranges and their absence in arid desert lowlands between them. Species
distribution models indicated at the time of the last glacial maximum possibility of more
widespread distribution ranges than at present. Nevertheless, then could be in current central
Oman unsuitable climatic conditions, which probably contributed to larger spatial separation

of these species.

Conclusions

Understanding the phylogenetic relationships of the “naked-toed” geckos is one of the
many aims in the study of the evolution of fauna in the Mediterranean and the whole
Palearctic area. This Ph.D. thesis reveals that the species rich and highly diversified genus
Cyrtopodion sensu lato is in fact not monophyletic. The morphological difference of the
subgenus Mediodactylus has been confirmed and the subgenus has been reclassified as an
independent genus. The little-known endemic genus Carinatogecko has been synonymized
with the genus Mediodactylus and the validity of the species previously included in the genus
Carinatogecko has been questioned. The importance of interspecific comparison when
describing species based on morphology has been discussed in detail using the description of
a new species from Pakistan as an example. Phylogenetic analysis of sequences together with
additional ecological niche modelling showed that morphologically distinct subspecies of
Bunopus spatalurus are well-defined species. Although the accessibility of sample material,
especially from the areas studied here, will still remain a key factor, the inclusion of

molecular analyses for exploring species diversity will be essential for future studies.
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Cervenka J., Kratochvil L., Frynta D. (2008) Phylogeny and taxonomy of the Middle
Eastern geckos of the genus Cyrtopodion and their selected relatives.
Zootaxa 1931: 25-36.

Representatives of the gekkonid genus Cyrtopodion and related genera form a highly
diversified group of Palearctic geckos, whose taxonomy is still unstable and phylogeny little
known. This study tries to improve this situation by attempting to reconstruct the phylogeny
based on two molecular markers (partial sequences of mitochondrial cytochrome b and
12S rRNA genes) in the Middle Eastern species of the genus Cyrtopodion and members of the
genera Agamura and Bunopus. The results support the monophyly of the species groups
within the genus Cyrtopodion as defined by Anderson (1999), but relationships between these
groups remain largely unresolved. The kotschyi group (= subgenus Mediodactylus) is not

closely related to the rest of the genus Cyrtopodion and should be treated as an autonomous



genus. Agamura persica forms a monophyletic group with agamuroides + caspium + scabrum
species groups. The genus Bunopus does not seem to be closely related to this clade. We
briefly discuss the implications of our findings and stress the importance of further molecular

studies in Palearctic geckos.

Cervenka J., Frynta D., Kratochvil L. (2010) Phylogenetic relationships of the gecko
genus Carinatogecko (Reptilia: Gekkonidae).
Zootaxa 2636: 56-94.

The gecko genus Carinatogecko comprises two species endemic to the foothills of the Zagros
Mountains, in Iran and Iraq. Both species are poorly known and to date they are known only
from very few records. The phylogenetic affiliation of the genus has been only hypothesized.
The aim of this study was to clarify the phylogenetic relationships of the genus by analyzing
partial sequences of the mitochondrial 12S rRNA and cytochrome b genes. All phylogenetic
analyses performed support placing the genus Carinatogecko within the genus Mediodactylus.
Taxonomic relevance of both species of the genus Carinatogecko based on morphological

characters is discussed along with nomenclatural implications of our findings.

Cervenka J., Kratochvil L. (2010) Generic reassignment and validity of the recently
described species Cyrtopodion dehakroense.
Herpetology Notes 3: 135-137.

The new arboreal gecko species from Pakistan, Cyrtopodion dehakroense Masroor, 2009, was
recently described. Here we document that based on external morphology (meristic and
measurable morphological characters), this form is a member of the genus Mediodactylus.
Moreover, the newly described species is morphologically and ecologically very similar to

Mediodactylus sagittifer, which suggests that both forms could be conspecific.



de Pous P., Paschou N., Cervenka J., Kratochvil L., Mazuch T., Smid J., Machado L.,
Simé-Riudalbas M., Sanuy D., Carranza S. (2014) Revisiting the taxonomy and
biogeography of Bunopus spatalurus (Reptilia; Gekkonidae) from the Arabian

Peninsula.

manuscript in preparation

The southern Arabian Peninsula provides and interesting area to study historical
biogeography due to high reptile species richness and endemism, and interesting geological
history of this region; however, studies on biodiversity patterns of this area are still rare.
A notable pattern, yet not fully understood, is the divergence in reptile fauna between north
(Hajar Mountains) and south (Dhofar Mountains) Oman. In this study, we use a molecular
phylogenetic analysis using partial sequences of the 12S mtDNA, a haplotype network of the
nuclear cmos gene, and species distribution modelling (SDM) for the present and past (Last
Glacial Maximum) climatic conditions, to uncover the taxonomy and biogeography of the
gecko Bunopus spatalurus. This species contains two subspecies (B. spatalurus spatalurus
and B. s. hajarensis) distributed in southern Arabia. The results of the phylogenetic and
networks analyses show that the two subspecies form two well-supported reciprocally
monophyletic groups that do not share any alleles in the cmos nuclear gene. The level of
genetic divergence in the 12S between B. s. spatalurus and B. s. hajarensis is very high
(13 +2%). The level of genetic variability within B. s. hajarensis is also very high and
contains three clades with geographical structure across the Hajar Mountains. Due to
morphological differences, high level of genetic differentiation in the 12S mitochondrial gene,
and the results of the phylogenetic and cmos haplotype network analysis, we elevate Bunopus
spatalurus hajarensis to the species level, Bunopus hajarensis stat. nov. Arnold, 1980. The
niche overlap analysis reveals significant differences between niches of the species, but at the
same time it shows their higher than random similarity. The SDM indicates a large potential
distribution for B. hajarensis extending well beyond the current distribution range and shows
that the range of B. spatalurus has climatic conditions suitable for B. hajarensis as well.
However, at the same time, the SDMs indicate a gap with unsuitable climatic conditions
between ranges of both species and suggest that this gap was already present during the Last
Glacial Maximum. This longer-lasting gap between areas with suitable climatic conditions

could be the cause of separation ranges of B. spatalurus and B. hajarensis.



