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ABSTRACT 

The main goal of this dissertation was to use an integrative approach to 

understanding the morphology, evolutionary relationships and phylogeography of the 

nose-horned viper (Vipera ammodytes) in Greece with a focus on the isolated populations 

in the Cycladic archipelago. The dissertation comprises three data chapters: 1) 

morphological analysis of the Cycladic V. ammodytes populations compared to mainland 

conspecifics across the Balkans, and using mitochondrial DNA analyses; 2) to distinguish 

the evolutionary relationships, phylogeography and genetic diversity among the Cycladic 

V. ammodytes populations; and 3) the phylogenetics, phylogeography and systematics of 

V. ammodytes across all of Greece including the Cyclades, Peloponnese and the Ionian 

archipelago. 

Using a data set of morphological characters from over 900 specimens from 

across the species distribution in the Balkans, I used multivariate statistics to compare the 

morphology between the populations from the Cyclades and the three mainland 

subspecies for the first time ever. The results reveal that the Cycladic population’s exhibit 

dwarfism and significant differentiation from the other groups, overall being the most 

unique morphotype, suggesting the current taxonomic classification within V. a. 

meridionalis is invalid. 

Mitochondrial DNA analysis of 2,470 bp from four genes (16S rRNA, Control 

Region and Cytochrome b) from 150 samples revealed evolutionary relationships 

between island and mainland populations. Using Maximum Likelihood and Bayesian 

Inference methods I generated phylogenetic trees that depicted the Cycladic populations 

as a monophyletic insular radiation of lineages. There are clearly two identifiable 

lineages (one comprising the northern cluster of islands and the other comprising the 

central-southern cluster) which seem to have diverged from each other when the 

Mediterranean refilled after the Messinian Salinity Crisis. Island endemic lineages were 

also identified across the archipelago that diverged from each other throughout the Plio-

Pleistocene glaciations. 

Using the same phylogenetic techniques above, I combined sequences made 

available for me from previous phylogenetic work of the species from the Balkans as well 
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as many newly collected samples from Greece in this study. Ou results suggest that the 

Pindos Mountain rifting during the Miocene played a significant role in isolating 

populations from east to west on mainland Greece, and additionally island populations in 

the Ionian are divergent from their mainland conspecifics about the time the 

Mediterranean refilled. Distrubution limits of the clades and sub-clades are identified that 

were previously vague. The results are currently being used in reassessing the taxonomy 

of these geographical groups as monophyly, genetic distances and times of separation 

warrant these clades species-level taxonomic status when all populations from central-

southern Greece were previously considered of the same subspecies V. ammodytes 

meridionalis. 
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CHAPTER I:  
INTRODUCTION 

Geography and Paleogeography of Greece 
 The southern region of the Balkans (modern day Greece) is known for its 

estimated > 7,000 islands and islets but the majority of the landscape is truly 

mountainous. It is primarily the heterogeneous topology in combination with past 

climatic events that has driven the diversification of biota in this area. The Hellenic 

region is at the junction of historic tectonic activity between three continents and thus 

Greece, and more specifically the Aegean, has become a hotspot for recent 

phylogeographic and evolutionary studies (Taberlet et al. 1998; Hewitt 2001; Poulakakis 

et al. 2015 and references therein). This has further spotlighted the country as one of the 

most biodiverse in all of Europe (Cox et al. 2006), providing one of the best natural 

laboratories in which to study evolutionary processes. This dissertation presents an 

integrative approach to study the evolution and biogeography of the nose-horned viper 

(Vipera ammodytes) in Greece, and more specifically in the Cycladic archipelago where 

it inhabits 15 islands. This introductory chapter provides background on the regional 

paleogeography, highlighting the major processes that have shaped the evolution and 

distribution of Greek herpetofauna, and a general synopsis of the taxonomy of V. 

ammodytes. 

The subduction of the African plate under the European plate lead to the rise of 

the Hellenic arc which stretches from the island of Rhodes in the east, Crete in the south, 

up through the island of Kithira, and forming the backbone of the Peloponnese and 

continental Greece into the southern Balkans (Figure 1.1; Papanikolaou and Royden 

2007). The thrusting of the Pindos mountain range is part of the Hellenic arc that 
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geographically separates Eastern and Western Greece and is also part of the geological 

formation that has given rise to several mountains in the Peloponnese (Skourlis and 

Doutsos 2003; Hughes et al. 2006). The Pindos Mountain Range is one of few in Europe 

that traverses the landscape longitudinally and makes up the largest mountainous region 

of Greece. The Peloponnese Peninsula detached from the rest of continental Greece 

(sometimes referred to as Sterea Ellada) during the Miocene along the Corinthian fault, 

which during rises in sea-level formed the Corinthian gulf separating the two regions 

while during periods of lower sea-levels may have formed a lake (Perissoratis and 

Conispoliatis 2003; Papanikolaou and Royden 2007). 

Aegean Paleogeography 
 The Aegean is a large area/basin between modern day Greece (Europe) and 

Turkey (Anatolia, Asia) that encompasses thousands of islands and which has been 

repeatedly exposed and submerged throughout time, since the Miocene. The region 

constitutes the major crossroads for faunal exchanges between these continents. Between 

12 – 9 MYA the Mid-Aegean Trench (MAT) opened from the northern Aegean south 

through the Karpathos – Crete straits and ultimately separating the Asia Minor and 

European continental shelfs. This was one of the major paleogeological events in the 

Aegean region and is responsible for vicariance in Aegean reptiles (Lymberakis and 

Poulakakis 2010). Islands located east of the trench such as the Dodecanese are part of 

the Asia Minor continental shelf. Islands to the west of the trench are either directly 

derived from the European mainland or are part of the Cyclades which are the mountain 

tops of the submerged Cycladic Plateau (CP; Figure 1.1). 
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 While the sea levels of the Mediterranean Sea have fluctuated over time, the 

Messinian Salinity Crisis (MSC) was a single, seminal event in the Mediterranean that 

drastically changed the Aegean starting about 5.90 MYA (Roveri et al. 2014). During this 

event the Gibraltar strait closed up and the Mediterranean evaporated creating a 

landscape of low-lying hyper-saline lakes and revealing land-bridges between Europe, 

Africa and Asia (Kapsimalis et al. 2009; Roveri et al. 2014). During the MSC, the 

Aegean landscape was significantly altered by watersheds that flowed into the deep 

basins or trenches (i.e. Myrtoon, Cretan, MAT, etc.), and which also connected into the 

deepest regions of the Mediterranean basin located south of Crete and the Peloponnese 

(Kapsimalis et al. 2009; Roveri et al. 2014). The erosion and sediment deposition by 

these rivers eroded canyons and formed lakes; thus progressively changing the geography 

and topology of the Aegean region (Kapsimalis et al. 2009). The MSC ended about 5.33 

MYA when the Gibralter strait reopened and a massive volume of water from the 

Atlantic refilled the Mediterranean in what is called the Zanclean flood (Garcia-

Castellanos et al. 2009). 

The Cycladic Plateau (CP) is a formation in the southern Aegean just southeast of 

continental Greece that is currently largely submerged with the subaerial mountain tops 

forming the Cycladic archipelago. The extent of the subaerial parts of the CP 

significantly changed over the Quarternary due to the eustatic sea-level changes which 

continuously connected and disconnecting islands (Anastasakis and Dermitzakis 1990; 

Perissoratis and Conispoliatis 2003; Lykoussis 2009; Gaki-Papanasstassiou et al. 2010; 

Roveri et al 2014; Rohling et al. 2014). The degree of connectivity and insularity 

(isolation) was directly correlated to the severity of the respective glacial and interglacial 
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cycles. In general the sea-level following the Zanclean flood started about 60-70 m higher 

than the present sea-level (Rohling et al. 2014). The sea-level fluctuated between this 

height (during warmer times) and down to present levels (during the most severe cool 

periods) during the next 1.6 million years with sea-level generally much higher than 

today’s (Rohling et al. 2014). Towards the end of the Pliocene (starting about 3.6 MYA) 

it appears that the sea-level generally started to drop as the climate was cooling and the 

first glacial cycles occurred. The eustatic sea-level changes become more pronounced as 

the glacial cycles intensified into the Pleistocene (starting around 2.7 MYA) and the most 

severe cycles happened in the last one million years (about nine of them). One of the 

most severe glaciations was the the last one (18 KYA) which dropped the sea-level in the 

Mediterrranean to one of its all time lows since the MSC (-125 m below the present sea-

level; Anastasakis and Dermitzakis 1990; Gaki-Papanasstassiou et al. 2010; Rohling et al 

2014). 

The CP (and thus the islands that are currently exposed) can be separated into 

different subgroups. Firstly, the eastern Cyclades form a cohesive block (sometimes 

referred to as the ‘Protocycladic block’ or when a single large island ‘Cycladia’) that was 

likely separated from the western Cyclades during the Zanclean flood (Rohling et al. 

2014). Several islands (e.g. Amorgos and Gyaros) located at the periphery of Cycladia 

were most likely detached from this central insular mass during most drops in sea-level 

(Anastasakis and Dermitzakis 1990; Perissoratis and Conispoliatis 2003; Gaki-

Papanasstassiou et al. 2010). Beyond that are the Santorini and Milos volcanic islands 

which are part of the volcanic arc that stretches from Nisyros (the only oceanic island in 

the Aegean) in the east to Methana in the northeastern Peloponnese (Figure 1.1). Lastly, 
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the western Cyclades (Kea, Kythnos, Serifos and Siphnos) have likely remained 

separated from the Protocycladic block and from each other since the Zanclean flood. 

The Milos archipelago consists of Milos, Antimilos, Kimolos and Poliegos, which were 

all connected during low sea-level periods and which harbor a coherent and 

biogeographically distinct fauna (Anastasakis and Dermitzakis 1990; Perissoratis and 

Conispoliatis 2003; Gaki-Papanasstassiou et al. 2010). Lastly, Kea located at the far 

northwestern end of the Cyclades, while politically considered a Cycladic island, has a 

distinct geological history as it has a closer relationship to Evia and continental Greece, 

forming a landbridge with Attika-Evia during periods of lowered sea-level (Gaki-

Papanasstassiou et al. 2010). 

Not only has the Aegean been affected by all these geological and climatic factors 

but also by humans as civilizations have inhabited the Cyclades for at least 10,000 years 

and have subsequently altered the habitats (Pafilis 2010). There are a couple of instances 

in which phylogeographic studies have revealed that human mediated transportation in 

some reptiles that happened knowingly or accidentally (Poulakakis et al. 2015). Current 

human activities on the Cyclades threaten numerous ecosystems and increase stresses 

affecting the survivability of sensitive reptile species in the Cyclades (Andren et al. 2007; 

Pafilis 2010). 

Herpetofaunal Biodiversity and Evolution in the Aegean 
 Over the last decade phylogeographic studies in the Aegean have increased 

tremendously and reptiles have been the major vertebrate taxa studied (Poulakakis et al. 

2015). These studies have uncovereed a significant amount of information about the 

evolutionary processes and paleogeographic influences on herpetofaunal diversity and 
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endemism in the region (Hermann et al. 1992; Poulakakis et al. 2003; 2005; 2008; 

Kasapidis et al. 2005; Lymberakis et al. 2007; Hurston et al. 2009; Brammah et al. 2010; 

Kornilios et al 2013; Sagonas et al. 2015, among others). Not only have evolutionary 

relationships been elucidated, but also ecological studies about predation and competition 

on islands have made novel discoveries about island adaptation, evolution and extinction 

(Foufopoulos and Ives 1999; Nilson et al. 1999; Pafilis et al. 2009; Foufopoulos et al 

2011; Brock et al. 2015). 

 Although 10 (possibly 11) species of snakes inhabit the Cyclades and represent 

the most common terrestrial predators, few researchers have studied their ecology and 

evolution as most have focused on the more abundant lizards (Cattaneo 2010; Kyriazi et 

al. 2012; Kornilios et al. 2013). This is possibly due to the difficulty of finding ophidian 

specimens to be represented in studies as lizards are easily found and extremely abundant 

on all the islands. Given their important roles as apex predators in the island food webs 

and because of their sometimes extreme evolutionary adaptations, snakes are attractive 

model organisms to study island evolution and ecology (Forsman 1991; Wuster et al. 

2002; Boback 2003; Hasegawa and Mori 2008; Tanaka 2011). For example, the biology 

of the Milos viper (Macrovipera schweizeri) has been the most “extensively” researched 

Cycladic snake mainly because of its endangered conservation status (Nilson et al. 1999; 

Andren et al. 2007). These studies looked at the ecology and conservation threats of this 

species that only inhabits Milos, Kimolos, Poliegos and Siphnos (the latter being 

inhabited by the subspecies M. s. siphnensis) using radio-telemetry methods for over a 

decade. 
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 The nose-horned viper (Vipera ammodytes) in the Cyclades is known mostly 

through anecdotal observations of size and phenotypic variation (Clarke 1968; Lotze 

1973; Beutler and Fror 1980; Buttle 1993; Nilson et al. 1999; Cattaneo et al. 2010). One 

of the primary goals of this dissertation was to better understand these insular populations 

of V. ammodytes by investigating any morphological or genetic variation that exists. It is 

a medically important species in the Cyclades as it is the only venomous snake within its 

restricted geographic range (Chondropoulos 1989; Roussos and Densmore 2013; 

Foufopoulos and Roussos in prep.). The species has been shown to be a major factor 

shaping the evolution of the Aegean wall lizards (Podarcis erhardii) mostly by affecting 

investments in antipredator defense strategies (Pafilis et al. 2009). 

Taxonomy of Vipera ammodytes 
Vipera ammodytes is a medium sized snake distributed across the Balkan 

Peninsula and seven subspecies have been described based on morphological characters: 

V. a. ammodytes (Austria, Italy, Croatia, Slovenia, Bosnia-Herzegovina, Serbia, 

Montenegro, Macedonia, Albania, Romania and Bulgaria), V. a. ruffoi (Italy), V. a. 

gregorwallneri (Austria and Slovenia), V. a. illyrica (most parts of ex-Yugoslavia), V. a. 

montadoni (Romania, Macedonia, Bulgaria and northern Greece), V. a. meridionalis 

(Central to southern Greece, including the Cyclades, Sporades and Ionian islands, as well 

as the Peloponnese) and V. a. transcaucasiana (Asia Minor; Mallow et al., 2003; 

Tomović 2006, and references therein). 

Linneaus described the species in 1758 and Boulenger later proposed the 

subspecies V. a. meridionalis (Greece), V. a montadoni (Bulgaria and Romania) with V. 

a. ammodytes as the nominate form (Italy, Austria, Slovenia, Bosnia, Croatia, 
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Montenegro, Serbia and Albania; Boulenger 1913). Some workers have proposed or 

considered that V. a. transcaucasiana should be elevated to full species status Vipera 

transcaucasiana (Harmann et al. 1992; Mallow et al. 2003) but a lack of samples from 

Asia Minor leaves this taxonomy questionable. Excluding V. a. transcaucasiana, the 

most commonly accepted taxonomic hypothesis supported by morphological analyses, 

includes three subspecies (V. a. ammodytes, V. a. montadoni and V. a. meridionalis) to 

represent the geographic groups in the Balkans; synonimizing V. a. ruffoi, V. a. illyrica 

and V. a. gregorwallneri with the nominate form V. a. ammodytes (Boulenger, 1913; 

Mallow et al., 2003; Tomović and Džukić 2003; Tomović, 2006). Other taxonomic 

considerations for V. ammodytes have been the synonymization of the subspecies V. a. 

montadoni with V. a. meridionalis (Golay et al. 1993). 

Ursenbacher et al. (2008) used mitochondrial DNA (mtDNA) markers to 

elucidate the phylogeographic patterns of V. ammodytes across its distribution and 

uncovered seven distinct clades. The distributions of these molecular clades do not 

conform to the subspecific distributions based on morphological characters (Tomović et 

al. 2006) and suggest additional levels of diversity, previously undetected by prior 

morphological analyses, exist in the Balkan populations. One of the “molecular clades” 

was represented by four single samples from the Cyclades which have traditionally been 

considered to be of the same subspecies, V. a. meridionalis, that is found in continental 

Greece and the Peloponnesian peninsula. 

It has also been suggested that the morphological variation in the species (or 

subspecies) is influenced by climatic variables that vary across the landscape in a 

longitudinal gradient (Tomović et al. 2010). Although interesting, individuals in this 



Texas Tech University, Stephanos A. Roussos, May 2015 

9 

work were classified a priori using classifications that do not take into account their 

evolutionary history and the differences in local climates. Therefore individuals 

traditionally classified as V. a. meridionalis (central Greece, Peloponnese and the 

Cyclades) were grouped as one even though these represented four distinct molecular 

clades published two years prior (Ursenbacher et al. 2008). Additionally, a large 

proportion of the V. a. meridionalis samples originated from Cycladic populations which 

have a very different climate than many parts of mainland Greece, which could have 

easily skewed an analysis that focuses on locality of sampling and a priori groupings. 

Gaps in Knowledge 
Given the incomplete knowledge about the evolutionary history of V. ammodytes 

in Greece and the intriguing isolated populations of the Cyclades, this dissertation aims to 

provide answers to several questions that will fill in some important gaps in our 

knowledge about Greek nose-horned vipers. By collecting novel data representing many 

more “interesting areas” from around Greece than previous studies, in particular the 

Cyclades, I was able to use a combination of methods previously employed to refine 

biogeographic and taxonomic hypotheses regarding the evolution of the Cycladic 

populations and other Greek populations. 

Chapter II presents a multivariate morphological analysis between Cycladic 

populations and their mainland conspecifics (V. a. meridionalis) as well as the other two 

recognized subspecies in the Balkans (V. a. ammodytes and V. a. montadoni) using 

qualitative characters from about 900 specimens. Significant dwarfism is exhibited by the 

Cycladic populations and relevant mechanisms for this phenotype are discussed. Other 

morphological differences are also identified and the differentiation in morphology 
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between the Cycladic populations and the three mainland subspecies is described, 

concluding these insular populations unique and in need of further study and taxonomic 

assessments. 

Chapter III investigates the genetic diversity and phylogeography of V. 

ammodytes in the Cyclades using analyses of four mitochondrial DNA markers. 

Considerable higher levels of diversity than identified in Ursenbacher et al. 2008 are 

revealed and discussed in light of paleogeographic events of the Aegean and Cyclades. 

The results, in combination with the morphological analyses, provides a strong argument 

for the description of a new viper species Vipera cycladica in the Cyclades and two 

subspecies within the taxon, representing two evolutionarily independent lineages 

between the northern and central-southern Cyclades. Additionally, the divergence of the 

V. cycladica from the mainland species suggests that the two evolved independently 

during the Miocene and that the Zanclean flood is responsible for the diversification 

between northern and central-southern Cycladic lineages. Additional diversity among the 

islands’ viperids suggests a radiation of lineages across the islands during isolation events 

of the Pliocene and Pleistocene due to the eustatic sea-level. 

Chapter IV takes a broader look at the phylogeographic patterns in nose-horned 

vipers by stepping back and examining the species complex across Greece using the same 

phylogenetic methods and data set as in Chapter III but focusing on those clades that 

represent the Peloponnese and continental Greece. Newly collected samples from Ionian 

Islands, the Peloponnese and northern Greece reveal further molecular diversity in each 

of the Greek clades not identified by Ursenbacher et al. (2008). I was also able to 

establish where the boundaries/contact zones are located between the ‘montadoni’ and 
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‘meridionalis’ taxa, which have generally been vague and often unknown. Island lineages 

from the Ionian present themselves as evolutionarily separated from their mainland 

conspecifics, but not as divergent as the Cycladic lineages are from the adjacent mainland 

animals, corroborating their younger ages. I propose taxonomic considerations that better 

reflect the evolutionary relationships in this species complex. 

Chapter V gives a synopsis of the highlights in each of the main chapters II, III 

and IV, and discusses the overall picture these studies present. Specific gaps exist in 

resolving the species complex distribution, taxonomy and evolutionary history, and are 

pointed out in this concluding chapter as places to further investigate. Gaining a 

fundamental understanding of the evolutionary history in V. ammodytes species complex 

in Greece allows for future evolutionary and ecological work to build upon these findings 

and study more intricate relationships in the variety of ecosystems that are found in 

Greece. 
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Figure 1.1 
Map of Aegean Region Topology 

 

 

Long-dashed line represents the Hellenic Arc formation and small-dashed line represents the associated 

Aegean Volcanic Arc which comprised the four labeled volcanoes. The extensive Pindos Mounatins are 

part of the Hellenic Arc as can been visualized. 
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CHAPTER II:  
A DWARF AND MORPHOLOGICALLY UNIQUE LINEAGE OF 

THE NOSE-HORNED VIPER (VIPERA AMMODYTES) FROM THE 
CYCLADIC ARCHIPELAGO, GREECE 

Abstract 
The Nose-horned Viper (Vipera ammodytes) is a Palearctic viperid distributed 

across the Balkan Peninsula and the Black Sea coast of Asia Minor. In the Cycladic 

archipelago (Greece) the taxon has always been considered to be the southern subspecies 

(Vipera ammodytes meridionalis) which encompasses most of Greece. Although 

considered to be the same taxon found on mainland Greece, several workers have 

described insular forms in the Cyclades to be a dwarf ‘race’ but no rigorous study has 

analyzed these observations. All 15 Cycladic islands, on which the viper lives, once 

formed a single, continuous insular land mass during the last glaciation of Europe and 

were last connected to mainland Greece some 200 kyra. For the first time, we compared 

morphology between Cycladic V. a. meridionalis and the Balkan subspecies from the 

mainland (V. a. ammodytes, V. a. montadoni and V. a. meridionalis). Using multivariate 

analysis of seven quantitative characters collected from 712 adult specimens throughout 

the Balkan distribution, I identify differences between Cycladic and mainland individuals 

that are greater than differences between the three subspecies currently recognized. The 

results suggest the Cycladic populations constitute the most distinct morphotype of 

Vipera ammodytes in the Balkans, characterized by taller horns and snouts, exhibiting 

significant dwarfism, and having the lowest average ventral scale number. Our 

morphological analyses concur with previous findings that indicate these populations are 

a distinct molecular clade of Vipera ammodytes and we recommend these insular 
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populations be represented in future systematic studies, taxonomic revisions, and 

conservation management and assessments of the species. 

Keywords: Morphology, Vipera, biogeography, island evolution, Aegean Sea, 

Pleistocene refugia 

Introduction 
In general, snakes can rapidly evolve to environmental changes compared to other 

groups of vertebrates by adapting in various ways; some of which can be unusual or 

surprising. This feature of snake evolution has lead to several studies which exemplify 

how insular snake populations are strong models for studying fragmentation, adaptation 

and evolutionary processes (Shine and Li-Xin, 2002; Boback and Guyer, 2003; Wüster et 

al., 2005; Meik et al., 2010). During the Pleistocene glaciations, biota in Europe 

diversified in the Mediterranean peninsulas (Balkan, Apennine and Iberian) where 

temperate climates remained and mountain ranges acted as frozen barriers to many 

species (Hewitt, 1999; Petit et al., 2003; Ferchaud et al., 2012). As a result of the 

fluctuating Quaternary climate, diverse landscapes and spatio-temporal complexities of 

the Hellenic region, Greece has the highest level of extant herpetofaunal diversity in 

Europe (Cox et al., 2006). 

Thousands of land-bridge islands are scattered across the Aegean Sea between 

Greece and Turkey. Consequently, insular populations of several snake species have been 

isolated since ancient connectivity between the European, Asian and African continents 

when the Aegean sea-level was low (Lymberakis and Poulakakis, 2010). The largest 

(number of islands), and one of the oldest (time since isolation) archipelagos of land-

bridge islands in the Aegean, is the Cycladic archipelago, which has been identified as a 
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Mediterranean hot spot of morphological, genetic and ecological diversity among 

Squamates (Clark, 1968; Poulakakis et al., 2003; Hurston et al., 2009; Brammah et al., 

2010; Pafilis, 2010 and references therein).  

Vipera ammodytes is distributed across the Balkan Peninsula and seven 

subspecies have been previously recognized: V. a. ammodytes (Austria, Italy, Croatia, 

Slovenia, Bosnia-Herzegovina, Macedonia, Albania, Romania and Bulgaria), V. a. ruffoi 

(Italy), V. a. gregorwallneri (Austria and Slovenia), V. a. illyrica (most parts of ex-

Yugoslavia), V. a. montadoni (Romania, Macedonia, Bulgaria and northern Greece), V. a. 

meridionalis (Central and southern Greece, including some of the Cyclades, Sporades 

and Ionian islands) and V. a. transcaucasiana (Asia Minor; Mallow et al., 2003; 

Tomović, 2006 and references therein). Excluding V. a. transcaucasiana, the most 

commonly accepted hypothesis supported by morphological analyses, includes three 

subspecies (V. a. ammodytes, V. a. montadoni and V. a. meridionalis) to represent the 

geographic groups of V. ammodytes in the Balkans (Boulenger, 1913; Mallow et al., 

2003; Tomović, 2006). 

Ursenbacher et al. (2008) identified eight molecular clades of V. ammodytes 

across the Balkan Peninsula using phylogenetic analyses of mitochondrial DNA 

sequences. The results of that study also synonymized V. a. ruffoi, V. a. gregorwallneri 

and V. a. illyrica with the nominate form V. a. ammodytes, but further identified novel 

and unique clades in the Montenegrin and Hellenic regions which had previously not 

been identified by previous analyses of morphological characters. The most diversified 

molecular clade identified was the Cycladic clade; however this was based only on four 

samples from the Cyclades. Vipera ammodytes meridionalis has been found on 15 of the 
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30 main Cycladic islands (Figure 2.1) which range greatly in size and topography. The 

size of the islands range from Naxos - 448 km² (the largest Cycladic island), and Andros 

– 380 km², to the smallest islands Delos (5 km²) and Strogilo (~3.5 km²).  

The present-day Cycladic islands are the last remaining subaerial part of the 

Cycladic Plateau (CP), a partially submerged formation in the Aegean that has 

experienced eustatic sea-level fluctuations consistently throughout the Quaternary. 

During the last glacial maximum some of the Cyclades were connected forming an 

ancient super-island with an area of ~ 6,978 km² (sometimes referred to as “Cycladia” or 

the “Protocycladic block”) (Beerli et al., 1996; Perissoratis and Conispoliatis, 2003; 

Gaki-Papanastassiou et al., 2010; See Fig. 1). The ancient super-island (from here on 

referred to as Cycladia) last separated from mainland Greece at least 200 kya and began 

to fragment ~ 18 kya due to a rise in sea level in the Aegean (~ 120 m; Beerli et al., 

1996). Cycladia encompassed only the eastern extent of the CP whereas the western 

extent had already been submerged and formed islands (ex. Kythnos, Serifos and Sifnos; 

Perissoratis and Conispoliatis, 2003; Gaki-Papanastassiou et al., 2010; See Figure 2.1). 

Thus, biota inhabiting Cycladia were isolated on a single insular refugium during the last 

Pleistocene glaciation. These islands fragmented further when the sea rose again during 

the Holocene, isolating biota on the exposed mountain tops that are now islands south-

east of the Attica peninsula.  

Vipera ammodytes is probably the most common top terrestrial predator in the 

Cyclades. There have been repeated, but mostly anecdotal observations on its small body 

size relative to its mainland conspecifics (Clark, 1968; Beutler and Fror, 1980; Buttle, 

1993; Nilson et al., 1999; Cattaneo 2010). However, neither the validity of these 
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observations, nor the existence of any other morphological differences, has been 

evaluated in a quantitatively rigorous manner. Using a large morphological data set from 

throughout the species distribution, we wanted test whether Nose-horned vipers (Vipera 

ammodytes meridionalis) from the Cycladic archipelago are morphologically different 

relative to their mainland conspecifics. The primary goals of our study were to use 

morphometric analyses to specifically test for a) the presence of dwarfism and/or b) 

differences in head characters, as well as comparing c) meristic data of scalation. 

Methods 

Study Area and Specimens 
The Cycladic archipelago (also known as the Cyclades) consists of about 220 

islands and islets. Our study was concerned with 15 of the larger islands where V. 

ammodytes has been documented; two of which are new records, Rhinia in 2011 

(Roussos and Densmore, 2013) and one in 2012 (S. Roussos, personal observation; 

Chondropoulos and references therein). Data were collected from both museum 

specimens and from live individuals caught in the field and then released; all specimens 

were measured using identical techniques. The specimens in this study represent all eight 

molecular clades identified across the Balkans in Ursenbacher et al. (2008), and include 

68 individuals from the Cyclades representing 13 of the 15 island populations (Figure 

2.1). Having 13 different islands represented in this data set, makes this the most 

comprehensive sampling of V. ammodytes from the Cyclades used in a comparative study 

of this species. 
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Morphological Variables 
I focused on nine morphological characters that previously have been used when 

differentiating subspecies V. a. ammodytes, V. a. montadoni and V. a. meridionalis 

(Tomović et al., 2002; Tomović and Džukić, 2003; Tomović, 2006). Seven mensural 

characters from 712 adult V. ammodytes and two meristic characters from a total of 981 

(including juveniles), were used from two data sets (one from S. Roussos and another 

from L. Tomovic; See Appendix 1). These characters were as follows: snout-vent length 

(SVL), tail-length (TL), head-length (HL), horn-height (HH), snout-height (SH), rostral 

scale height (RH), rostral scale width (RW), dorsal scale rows (DS), and ventral scale 

rows (VS; see Figure 2.1 and Table 2.1). I omit from this study several characters that 

were found to be uninformative for discriminating the geographical subspecies of V. 

ammodytes (i.e., body height, body width, eye diameter; Tomović 2006).  

Data Collection 

Mensural data were collected using digital calipers, except SVL and TL which 

were measured by tape measure (See Figure 2.1 and Table 1.1). Adults were identified by 

visual confirmation of enlarged hemipenes in males and development of ova or 

parturition in females. With live vipers, HH, SH, RH and RW were measured by 

manually holding the individual’s head and measuring with digital calipers. HL and HW 

were measured when the vipers’ heads were free but when the body was held down by 

the weight of a 20 cm X 20 cm plexiglass square piece (See Figure 2.3a) in order to keep 

the viper restrained and prevent measuring distorted characters. Dorsal scale rows were 

counted at three places, along the mid-dorsum, in order to get an accurate count while 

vipers were held using a clear, hard plastic restraining tube. To count ventral scales on 

live vipers, a custom made styrofoam box and fitted glass plane allowed the safe handling 
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of snakes while keeping them restrained during photographic documentation (See Figure 

2.3b). This allowed us to have voucher images of each specimen, saved time in the field, 

and also allowed to count the ventral scales using digital images on a computer screen. 

Analyses 
Even though each island could be viewed as an independent population (15) of V. 

a. meridionalis, I assigned a single Cycladic group as these island populations share more 

recent common ancestry than to the mainland populations. In order to analyze the 

morphology between Cycladic and mainland conspecifics, I decided to compare the 

Cycladic group with the three currently recognized subspecies in the Balkans (four group 

analysis; V. a. ammodytes, V. a. montadoni, V. a. meridionalis and Cycladic group) and 

separately the Cycladic group to mainland conspecifics (V. a. meridionalis) in Greece.  

Discriminant Function Analysis (DFA) was used as the primary multivariate 

analysis metric to quantify differences between the groups, and seven variables (Figure 

2.2), by setting the DFA a priori to the number of groups being used (two or four; 

Strauss, 2010). Because a potential reduced body-size was likely among Cycladic V. 

ammodytes, I adjusted the analysis for size in a separate analysis to identify differences in 

dimensions other than size and more about shape. Employing a Size-Invariant DFA 

(Jungers et al., 1995), using the residuals of Principal Component 1 from a Principal 

Component Analysis (PCA) of the groups, we could specifically quantify differences in 

mostly morphometric head shapes. In combination, these two analyses allowed us to 

determine which features differed in size and separately in head shape (DFA and size-

invariant DFA [SIDFA], respectively) in both the four and two group analyses.  
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All mensural data were transformed to natural logarithms before analysis to 

homogenize variances and to linearize allometric relationships among characters (Strauss, 

1985). I ran an initial analysis to see which, if any, of the characters were sexually 

dimorphic as this species does exhibit sexual dimorphism in color and pattern (qualitative 

traits). TL was the only sexually dimorphic character (See Figure 2.4) therefore I pooled 

all data, regardless of sex, to focus on discerning morphotypes of the geographic groups. 

  Although the sample sizes of each group differed (V. a. ammodytes N = 499, V. a. 

montadoni N = 113, V. a. meridionalis N = 32 and insular V. a. meridionalis from the 

Cyclades N = 68) we did not subsample from within groups (i.e., equalizing sample 

numbers) but analyzed the data as is. A randomized version of MANOVA with Wilk’s λ 

(based on 5000 random permutations) was used to test for discrimination among/between 

groups. All morphological analyses were performed using MATLAB v. 7 (Mathworks) 

statistical software, using a library of scripts and functions created by R. Strauss (2012). 

Results 

Comparison of Cycladic group and three Balkan subspecies (Four group) 
Discriminant Function Analysis (DFA) 

When size variation was included (Figure 2.5a), we observed that four of the 

seven features were influential primarily in one direction (+). Such a finding indicates 

that size is the primary discriminator between mainland and insular individuals as HL, TL 

and (especially) SVL are powerful variables of size (Figure 2.5b) and are directed along 

Discriminant Function 1 (DF1). The only characters that influenced discrimination 

between groups in other directions were HH, RH, and SH (see Figure 2.3). The Cycladic 

group was the most highly differentiated of the four groups (λ = 0.201, p < 0.001). 

http://www.faculty.biol.ttu.edu/Strauss/Matlab/matlab.htm
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Size-invariant Discriminant Function Analysis (SIDFA) 

Correlation plots revealed that variables seemingly are independent from each 

other when discriminating head shapes among the four groups (Figure 2.5d) which 

confirmed that size is not a major factor in this particular analysis. All characters except 

TL were capable of discriminating the four groups in elements of shape once the major 

elements of size were removed from the analysis. The Cycladic group was the most 

differentiated from the other three groups (Figure 2.5c) and the resulting MANOVA was 

highly significant (λ = 0.160, p < 0.001). 

Comparison between Cycladic and mainland V. a. meridionalis (Two group) 
DFA 

Size differentiation was evident between Cycladic and mainland V. a. 

meridionalis for all seven features as all were larger in the mainland V. a. meridionalis 

having positive scores and placing the mainland specimens in the right part of the plotted 

morphospace (Figure 2.6a and 2.6b). The variable that most poorly discriminated the 

mainland individuals was HH, depicting its correlation and influence of differentiating 

the Cycladic group from the mainland group. The two groups were significantly 

differentiated from each other (λ = 0.279, p < 0.001). 

SIDFA 

The size-invariant analysis demonstrated that various aspects of shape 

differentiate the groups and not simply size (see Figure 2.6c and 2.6d). Horn height (HH) 

was the most correlated to discriminating Cycladic V. a. meridionalis from mainland V. 

a. meridionalis, with SVL and TL to lesser degree. The features that best characterized 

the mainland group from the Cycladic group were HL, SH, and RW. Rostral scale height 
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(RH) had zero influence in discriminating the two groups. The resulting MANOVA was 

highly significant (λ = 0.413, p < 0.001). 

Discussion 

Morphology 
My results corroborate that the lineage of V. ammodytes in the Cyclades exhibits a 

distinct morphotype evident by consistent morphological differences from mainland 

conspecifics. Firstly, the data indicate that dwarfism is a defining character of the 

Cycladic populations rather than the characteristic of a few aberrant individuals. Second, 

the Cycladic populations have the tallest horns and snouts, and the lowest average of 

ventral scales, compared to V. a. ammodytes, V. a. montadoni, and even mainland V. a. 

meridionalis. Third, my results lend support to the hypothesis that this insularly isolated 

lineage (consisting of 15 insular populations) has had a distinct evolutionarily trajectory; 

these results dovetail with molecular findings in Ursenbacher et al. (2008). Fourth, this 

raises the taxonomic question on whether Cycladic populations should still be considered 

part of the subspecies V. a. meridionalis and just constitute evolutionary significant units, 

or if novel nomenclature needs to be designated to this distinct lineage of insular vipers. 

The low DF1 scores in the regular DFA (Figure 2.5a) demonstrate the 

consistently smaller body sizes Cycladic Nose-horned vipers have compared to mainland 

conspecifics V. a. meridionalis, V. a. ammodytes and V. a. montadoni. In the size-

invariant analysis the data indicates that even when the main components of size are 

removed from the analysis, Cycladic V. ammodytes (in general) have taller horns (HH) 

and snouts (SH) compared to mainland individuals (Figure 2.5c and 2.5d). Horn Height 

previously had been suggested to be taller in the southern race/subspecies (V. a. 
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meridionalis), compared to the other Balkan subspecies (Boulenger, 1913), but our 

results depict the Cycladic group having even taller horns than those of any mainland V. 

a. meridionalis (Figure 2.6a and 2.6b). The actual function of the horn (a proboscis-like 

extension of the canthus rostralis) is presently unknown and therefore the significance of 

the taller horns in the Cycladic lineage remains to be elucidated. 

Even though only two meristic characters were included in this study, both 

showed differentiation of the Cycladic lineage from the other, currently recognized, 

subspecies. The Cycladic lineage has the lowest average of ventral scales and lowest 

average number of dorsal scale rows (Table 2.1), a result that concurs with similar 

findings about folidosis from previous publications (Cattaneo, 2010). The lowest average 

of dorsal scale rows in the Cycladic populations reflects the higher occurrences of 

specimens with 19 dorsal scale rows and a single specimen from the island of Paros had 

only 18 (See Table 2.1). 

Shift in Diet 
A shift in available prey resources (mammalian and amphibian prey on the 

mainland, to centipedes and small lizards on islands) is most likely a significant driver for 

the dwarf phenotypes in Cycladic populations of V. ammodytes. The diet of adult V. 

ammodytes on the mainland consists of mostly small mammals (mice, voles, young rats, 

moles, etc.), amphibians (frogs and toads) and small birds. Most of the Cyclades lack the 

diversity and abundance of small mammals and amphibians that are found on the 

mainland, and instead support abundant populations of small lizards and centipedes.  

Our field data are in line with previous observations indicating that < 10% of 

Cycladic Nose-horned viper diet consists of mammalian prey (Cattaneo, 2010). From 
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about 90 Nose-horned vipers caught by S.R. in the Cyclades (2010 – 2013), only two 

individuals (both female) regurgitated mammalian prey (newborn Rattus rattus). Adults 

from most populations of V. ammodytes in the Cyclades are so small that adult mice are 

too large of a prey items for them. Our observations of stomach contents have 

documented the most common viper prey items on the Cyclades are Kotschy’s gecko 

(Mediodactylus kotschyi), Aegean wall lizards (Podarcis erhardii) and centipedes 

(Scolopendra cingulata). No current reports to our knowledge have documented V. 

ammodytes preying on adults of larger lizard species (> 30 cm; Lacerta trilineata and 

Stellagama stellio) that inhabit most of the Cyclades where vipers are present. 

This affect of insular shifts in prey-size and/or prey availability has been observed 

across the globe; where on average, larger snake species become dwarfs on islands, 

whereas smaller snake species become gigantic on islands (Boback and Guyer, 2003). 

Several examples exist where both dwarfism and gigantism are exhibited by the same 

species of snake but on different islands; e.g., in the Sea of Cortez, Mexico, among 

speckled rattlesnakes (Crotalus mitchelli; Case, 1978; Meik et al., 2010), on the Izu 

Islands, Japan, among Japanese four-lined ratsnakes (Elaphe quadrivirgata) (Hasegawa 

and Mori, 2008; Tanaka, 2011) and among tiger snakes (Notechis scutatus) on islands off 

the southern Australian coast (Keogh et al., 2005; Aubret and Shine, 2007). In another 

study of insular snake body size (Boback 2003), several members of Colubridae and 

Elapidae were found to exhibit insular gigantism more commonly, whereas members of 

Viperidae and Boidae were found to exhibit insular dwarfism more frequently. 

In the Swedish archipelago, relative head length increased in insular adders 

(Vipera berus) because the primary food source shifted to large Meadow voles (Microtus 
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agrestis) once snakes became isolated on islands (Forsman, 1991). Sometimes, overall 

size was smaller even though the head lengths were larger. On the mainland, Vipera 

berus feeds on small mammals (including M. agrestis) and lizards but M. agrestis are 

typically smaller individuals on the mainland than on the islands. Mictrotus agrestis is 

also the most abundant prey item for the insular adders and therefore these adders exploit 

this food resource; thus their head morphology evolved over time adapting to consuming 

larger prey items. 

Dwarf Cycladic Nose-horned Vipers 

In captivity SR observed that wild-caught adult Cycladic Nose-horned vipers may 

initially reject mice but will readily feed on saurian prey. After wild caught adults were 

feeding on mammalian prey in the lab for over 48 months they still retained dwarf 

lengths. Newborns were also uninterested in mammalian prey items right after birth but 

would immediately feed on small lizards; they too retained dwarf sizes after 48 months of 

feeding on mammalian prey (S. Roussos, personal observation). 

Other workers have observed Cycladic Nose-horned vipers reaching near 

mainland population lengths in captivity after being fed mammalian prey since birth (M. 

Schweiger, personal communication) supporting the notion that dwarf Cycladic 

individuals are simply malnourished or a ‘stunted’ growth because of the impoverished 

ecosystems. The contradicting observations between workers can perhaps be attributed to 

different provenances of the animals in each study: individuals observed by S. Roussos 

originated from a very small island and individuals observed by M. Schweiger came from 

a very large island. This could be a response to strong selective drivers of lower 

productivity and aridification of smaller island ecosystems leading to dwarf phenotypes. 
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These different island populations may display varying levels of overall size plasticity, as 

the local environments, ecosystems and prey resources on each of these islands are 

drastically different (i.e., smaller islands impacted by high aridification and lower number 

of prey items, while larger islands have greater diversity of all types of resources).  

Adaptive plasticity has been demonstrated in populations of snakes living on 

“young” islands; whereas older island populations exhibit eroded plasticity and 

morphological phenotypes appear genetically canalized (Aubret and Shine, 2009; 2010). 

Eroded plasticity potentially could have fixed a dwarf phenotype in Cycladic populations 

of V. ammodytes (genetic canalization) because they are relatively ancient populations 

(>1000 yr). A lack of plasticity exhibited by certain populations of insular V. ammodytes 

could reflect that genetic assimilation (Waddington, 1942) is active in those island 

ecosystems that have been most impoverished by insularity during the Pleistocene. This 

potentially suggests a canalization of body size to a dwarf phenotype may increase the 

overall fitness of vipers as adaptive plasticity becomes more costly (Aubret and Shine, 

2009; 2010). 

Several attributes of insular ecosystems in the Cyclades may be responsible for 

the dwarf phenotype but at the moment these can not be teased apart. The unique 

morphology of this clade raises the taxonomic question as to whether this group should 

still be considered V. a. meridionalis or get assigned a novel taxonomic assignment. Until 

further systematic investigations can be combined with these morphological findings, I 

consider this lineage of 15 insular populations evolutionary significant units (ESU) of V. 

ammodytes. Consequently, conservation management and assessments in the Aegean 

island region need to take these ESUs into consideration when making managing plans 
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and decisions, as the taxon is an important indicator predator of these ecosystems and 

inhabits a very small total area in the Aegean. 
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Figure 2.1:  
Distribution of V. ammodytes across the Cyclades 

 

FIG. 2.1 The map in the top right shows the location of the Cyclades between Greece and Turkey. The dark 

grey islands represent the 15 islands that V. a. meridionalis inhabits in the Cyclades. Evia, in the top left 

corner, is a large island very close to mainland Greece and was the point from which Cycladia separated 

last. The light grey area depicts the reconstructed extent of the Cyclades at the end of the last glacial 

maximum (18-20 kya) before the Aegean Sea level rose 120 m. All the known Cyclades the species if 

found on are represented in the morphological analyses except Rinia and Strogilo. 
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Figure 2.2:  
Morphometric Characters 

 

 

 

FIG. 2.2- (a) Ventral diagram of V. ammodytes showing the SVL and tail length measurements and (b) is a 

dorsal view of a typical Nose-horned Viper head illustrating the head length measurement used in our 

morphological analyses. (c) Is a frontal view of the naso-rostral region (front of head), where four of the 

key taxonomic informative characters are located for V. ammodytes. 
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Table 2.1: Means and Ranges of each Character in each Group 
 

Variables (mm) V. a. ammodytes V. a. montadoni V. a. meridionalis 

(mainland) 

V. a. meridionalis 

(Cycladic) 

 

SVL 

 

541 (402–764) 

 

505 (409-690) 

 

510 (410-747) 

 

324 (246-606) 

TL 67 (37-105) 64 (45-98) 66 (40-92) 39 (20-65) 

HL 27 (21-35) 27 (21-33) 27 (22-34) 18 (14-28) 

HH 4.27 (1.70-6.90) 3.62 (2.10-5.80) 4.36 (3.15-6.38) 3.52 (2.27-5.36) 

SH 3.96 (2.68-6.17) 4.15 (3.09-5.95) 4.59 (3.47-5.67) 3.37 (2.45-7.87) 

RH 3.40 (2.06-5.07) 4.03 (2.37-5.08) 3.54 (2.31-4.86) 2.67 (1.72-3.56) 

RW 

DS 

VS 

4.18 (3.06-5.64) 

21.0 (19-25) 

152 (139-163) 

3.88 (2.85-4.90) 

21.0 (19-23) 

147 (130-161) 

3.95 (3.08-5.25) 

21.1 (20-23) 

141 (130-157) 

2.58 (1.91-3.96) 

20.6 (18-22) 

138 (121-150) 

 

The means and ranges (in parentheses) of all nine taxonomically informative variables used in the analyses 

are shown here for each of the groups analyzed in millimeters. The first three measurements were rounded 

to the nearest 1 mm. 
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Figure 2.3:  
Methods for Restraining Vipers for Measurements 

 

   

 

FIG. 2.3 -(a) Restraining technique for a live Nose-horned viper inverting the animal without any manual 

holding to take photographic vouchers used for scale counting back in the lab. (b) Shows the same female 

being held by the weight of a plexiglass square piece while measuring HL and HW. 



Texas Tech University, Stephanos A. Roussos, May 2015 

46 

Figure 2.4 (a) and (b): 
 Test for Sexual Dimorphism in Variables 

 

 

FIG. 2.4 - Discriminant Function Analysis of the seven variables between sexes. Plot (a) is the 

DFA between males (squares) and females (circles) from all four groups. The vertical line (b) depicts the 

correlation of all seven characters between males and females, identifying which variables are influenced 

by sexual dimorphism. In a two group DFA there can only be two discriminant functions (DF), and thus the 

vertical line in the plot shows the discrimination along one axis. Using plots produced by MATLAB all 

four groups are outlined by convex hulls in order to incorporate 100% of individuals as well as show the 

entire range of variation. 
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Figure 2.5 (a-d): 
 Analyses between Cycladic Nose-horned vipers and the three mainland subspecies 

(Four group) 

 

FIG. 2.5- Plot (a) is the Discriminant Function Analysis of the four groups (V. a. ammodytes, V. a. 

montadoni, V. a. meridionalis and Cycladic V. a. meridionalis) depicted by squares, diamonds, circles and 

triangles respectively. Plot (b) is the correlation of the variables in the DFA (a). Plot (c) is the size-invariant 

DFA of the same four groups and plot (d) is the correlation of the variables in that analysis. Using plots 

produced by MATLAB all four groups are outlined by convex hulls in order to incorporate 100% of 

individuals as well as show the entire range of variation. 
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Figure 2.6 (a-d):  
Analyses between Cycladic and mainland V. a. meridionalis (Two group) 

 

FIG. 2.6- Plot (a) is the Discriminant Function Analysis (DFA) of the Cycladic (triangles) and 

mainland populations (circles) of V. a. meridionalis. Plot (b) is the correlation of variables from the DFA 

(a). Plot (c) is the size-invariant DFA of insular and mainland V. a. meridionalis and the correlation of 

variables in plot (d). In a two group DFA there can only be two discriminant functions (DF), and thus the 

vertical line in the plot shows the discrimination along one axis. Using plots produced by MATLAB all 

four groups are outlined by convex hulls in order to incorporate 100% of individuals as well as show the 

entire range of variation. 
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CHAPTER III:  
MOLECULAR PHYLOGEOGRAPHY AND BIOGEOGRAPHY OF 

THE NOSE-HORNED VIPER (VIPERA AMMODYTES) IN THE 
CYCLADIC ARCHIPELAGO 

Abstract 
 Island populations of the nose-horned viper (Vipera ammodytes) in the Cycladic 

archipelago recently have been found to constitute a unique genetic lineage previously 

unidentified, however only four samples were representative of the archipelago. As this 

viper is found on 15 different Cycladic islands, this study aimed to infer the evolutionary 

relationships between the islands and elucidate phylogeographic patterns using a 

comprehensive collection of new samples from these populations. Mitochondrial DNA 

genes (16S RNA, Control Region and Cytochrome-b) were sequenced for a total of 2471 

bp from 57 newly collected Cycladic samples and 35 samples from the mainland and 

other parts of Greece. Sequences were analyzed using Maximim Likelihood and Bayesian 

Inference and divergence times were estimated. My results revealed that all the Cycladic 

populations form a highly supported monophyletic clade that diverged from the mainland 

in the late Miocene before the Messinian Salinity Crisis. Furthermore, populations were 

separated into two distinct sub-clades one representative of the northern islands and 

another of the central-southern islands that are estimated to have diverged at the end of 

the Messinian Salinity Crisis when the dessicated Mediterranean re-flooded. The genetic 

variation found across the archipelago revealed a radiation of diversity, evident by island 

endemic lineages within each of the sub-clades. I propose that the populations in the 

Cyclades be given taxonomic distinction as a new species Vipera cycladica, supported by 

morphological results of Chapter II and those presented here, as well as in accordance of 

criteria used in contemporary herpetological systematic studies. The results suggest that 
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the main paleogeographic events that diversified the extant taxa were the Messinian 

Salinity Crisis and the Zanclean flood, with the eustatic sea-level of the Pleistocene 

furthering diversification throughout the archipelago over the last 2.5 million years. 

Introduction 
The Aegean region is part of the greater Mediterranean biodiversity hotspot located 

among and between continental Greece and Turkey. It encompasses thousands of islands 

inhabited by fauna that have origins from three continents (Africa, Europe and Asia) 

which make this archipelago unique. The geography of the Aegean has been heavily 

shaped by complex paleogeographic dynamics over the last 12 million years; including 

tectonic activity, volcanism, and eustatic sea-level changes during the Pleistocene 

(Anastasakis and Dermitzakis 1990; Gaki-Papanasstassiou et al. 2010). These geological 

and geographic processes have isolated numerous reptile populations on islands across 

this sea shaping the distribution and evolutionary history of local species (Lymberakis 

and Poulakakis 2010, and references therein). 

The Cycladic archipelago (Cyclades) is the largest Aegean island cluster and is 

located just southeast of mainland Greece (Figure 3.1). It is a group of land-bridge islands 

that were once connected to Greece but separated as a ‘mega-island’ in the Aegean for 

different periods of time, sometimes referred to as ‘Cycladia’ or the ‘Protocyladic 

block’(see Figure 3.1). Estimates for the last time this archipelago was connected to 

mainland Greece vary but what is fairly well understood and generally agreed upon is the 

paleogeography of the Cyclades through the Holocene and in particular how the islands 

became fragmented as the sea-level changed since the Last Glacial Maximum (LGM; 

Anastasakis and Dermitzakis 1990; Perissoratis and Conispoliatis 2003; Kapsimalis et al. 
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2009; Lykoussis 2009; Gaki-Papanasstasiou et al. 2010). A detailed timeline of 

fragmentation of the Cyclades geography by rising sea levels exists and anchors the 

timing of isolation of different island populations especially for those species that are 

poor overwater dispersers. 

The fact that the Cyclades fragmented from one ‘mega-island’ into 30 islands (plus 

another ~ 190 islets) as sea levels rose about 120 m in 18 K years, makes this a very 

interesting group of islands in which to study evolutionary change. The evolution and 

phylogeography of several herpetofaunal lineages has been studied extensively, and has 

uncovered unique adaptations and major intra-specific radiations, thus highlighting the 

biological importance of this region (Hermann et al. 1992; Beerli et al. 1996; Nilson et al. 

1999; Poulakakis et al. 2003; Kasapidis et al. 2005; Hurston et al 2009; Pafilis et al. 

2009; Brammah et al. 2010; Kornilios et al. 2014; Sagonas et al. 2014; Brock et al. 2015; 

Poulakakis et al. 2015 and references therein). 

Lizards have been the major focus of evolutionary studies of non-mammalian 

vertebrates in the Aegean, while snakes have received far less attention (Kornilios et 

al.2014; Kyriazi et al. 2014), despite their importance in local food webs and the variety 

of extreme and unique adaptations in which they evolve (Greene 1997). In other regions 

of the world, island populations of snakes have been shown to evolve and adapt rapidly 

following divergence from mainland populations, often experiencing pronounced shifts in 

body size and shape, coloration, and predatory and reproductive behaviors (Shine and Li-

Xin 2002; Boback 2005; Hasegawa and Mori 2008; Aubret and Shine 2009). The Nose-

horned viper or Long-nosed viper (Vipera ammodytes) is one of the most common top 

terrestrial predators in the Cyclades and has been recorded from 15 of the 220 islands and 
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islets of the Cyclades (Chondropoulos 1989; Roussos and Densmore, 2013; Foufopoulos 

and Roussos, in prep.). It is found only on the largest of those islands that were once 

connected 18 KYA that formed the ancient ‘mega-island’ (from here on “Cycladia”) 

during the last glacial maximum (See Figure 3.1). 

Vipera ammodytes is distributed across the Balkan Peninsula and northern Turkey 

and as far east as Armenia. Currently the species is separated into four allopatric 

subspecies (based on morphological characters) but distribution boundaries have been 

vaguely determined and not well understood; V. a. ammodytes is found in Austria, Italy, 

Slovenia, Bosnia, Croatia, Montenegro, Serbia and northern Albania, V. a. montadoni in 

Romania, Bulgaria and northern Greece, V. a. meridionalis in Greece (mainland, 

Cyclades, Sporades, Ionian islands and the Peloponnese Peninsula) and V. a. 

transcaucasiana that inhabits regions in Turkey and Asia Minor (Figure 3.2 a; Mallow et 

al. 2003; Tomović and Džukić 2003; Tomović 2006). More recently, Ursenbacher et al. 

(2008) identified seven molecular clades within V. ammodytes, based on analysis of 

mitochondrial DNA (mtDNA) markers (Figure 3.2b), suggesting the species inhabited 

multiple ‘refugia within refugia’ in the Balkans during the Pleistocene. The existence of 

multiple divergent lineages challenges the current taxonomy and boundaries between the 

currently recognized subspecies. One of the molecular clades identified by Ursenbacher 

et al. (2008) represented the populations of the Cyclades but was only based on four 

samples from four islands. This clade also showed the highest intra-clade genetic 

distances and deep divergences, suggesting insular isolation has played a significant role 

in the evolutionary history of the Cycladic populations. 
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Given the incomplete knowledge about the diversity of V. ammodytes in the Cyclades 

and the biological importance of this archipelago, this study aims to elucidate the 

phylogeographic patterns among Cycladic populations, while also testing the validity of 

these populations’ current taxonomy. Additionally, this study investigates the extent of 

genetic diversity among the known 15 island populations, whether island endemic 

lineages exist as Operational Taxonomic Units [OTUs]), and how eustatic sea-level 

changes have played a role in the evolution of these insular populations. Using the most 

comprehensive sampling to date of V. ammodytes from across the Cyclades as well as the 

latest models of ancient global sea-level changes this study aims to fill gaps in our 

understanding of the evolutionary history of this species. 

Methods 

Study Sites and Samples  
During annual expeditions to the Cyclades in 2010 - 2014, 23 islands were visited 

to survey for vipers and collect samples; Tzia (Kea), Kythnos, Serifos, Siphnos, 

Folegandros, Kardiotissa, Sikinos, Ios, Iraklia, Schinoussa, Kato Koufonissi, Ano 

Koufonissi, Keros, Amorgos, Donoussa, Naxos, Paros, Antiparos, Despotiko, Mykonos, 

Rinia, Tinos and Syros (Fig. 3.3). Of the total islands visited 11 of them were known 

localities where V. ammodytes had been recorded from (Chondropoulos 1989) and others 

were candidate islands on which to search for heretofore unknown populations. Over the 

course of this study two new island populations of the species were discovered on Rinia 

and Despotiko (Roussos and Densmore 2013; Foufopoulos and Roussos in prep., 

respectively). 
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A total of 13 out of the 15 known islands the species inhabits in the Cyclades are 

represented in this study by 60 individual samples (Table 3.1 and Figure 3.3). The two 

small islands of Strongylo (~ 3 km²; off the western coast of Despotiko) and Delos (~ 3.5 

km²; in between Mykonos and Rinia) could not be sampled for logistical reasons and are 

not represented in this study. Samples from mainland Greece which were included as 

outgroups were either collected in the field or from specimen collections  at the 

Goulandris Natural History Museum (GNHM, Athens, Greece) or the Natural History 

Museum of Crete (NHMC, Herakleio, Greece). Sequences from Ursenbacher et al. 

(2008) were also used in this study as the mtDNA markers were the same in both studies 

(Table 3.1). 

For wild caught specimens, whole blood was collected (< 200µl) from the caudal 

sinus using a 28 ½ gauge 1 cc syringe and stored in cell lysis buffer (Longmire et al. 

1997). When, on rare occasions, I collected tissue in the field, this was either obtained by 

tail clipping (< 4mm), or from liver tissue, shed skin or skeletal remains (skin, muscle 

and bone) and was stored in 80-100% ethanol. All samples were packed and exported to 

the U.S. to be stored at -20°C in the L. D. Densmore laboratory at TTU prior to DNA 

isolation. Samples gratefully shared from museums were all tissue samples of the same 

type described above and fixed in 80-100% ethanol as well. Total genomic DNA (tDNA) 

was extracted and isolated from all samples using the PureGene isolation kit (Gentra 

Systems, Minneapolis, MN) and then electrophoresed on a 1.5% agarose gel and 

visualized under ultraviolet light using the intercalating dye ethidium bromide. 
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Gene Amplification and Sequencing 
The mtDNA markers used were a 400 base pair (bp) fragment of the 16S 

ribosomal RNA gene, a 389 bp and a 711 bp fragment of the Control Region (CR1 and 

CR2 respectively), and a 967 bp fragment of the cytochrome b gene (Cyt-b) for a total of 

2471 bp of the mitochondrial genome. Markers and associated primers used are shown in 

Table 3.2 and utilized from Ursenbacher et al. (2008). Polymerase chain reactions (PCR) 

were performed in 25µL volumes using 1µL of tDNA (100ng/µL), 14.5µL of ddH2O, 

5µL of buffer (0.3 M TRIS, 0.0175 M MgCL2 and 0.075 M (NH4)2SO4), 1µL of 2.5 

mMdNTPs, 0.50µL (10 µM) of forward primer, 0.50µL (10 µM) of reverse primer and 

0.5 µL of Promega Taq polymerase (Promega Corp., Madison, WI). Thermocycler  

conditions for all primers consisted of an initial denaturation step of 2 min at 94°C, 

then40 cycles of 30 sec at 94 °C, 45 sec at (the annealing temperature for the primers; See 

Table 3.2), and 60 sec at 72°C; with a final extension of 7 min at 72°C. 

Unincorporated dinucleotides and primers were removed by mixing 5 µL of post-

PCR reaction product with 2 µL of ExoSAP-IT® (USB Corporation, Cleveland, Ohio) for 

a combined 7 µL reaction volume. This was then incubated at 37 °C for 35 min and 80 

°C for 15 min. This product was then cycle-sequenced using Big Dye v3.1 dye terminator 

(Applied Biosystems, Inc., Foster City, CA) and the same primers used for the PCR. 

Cycle-sequence products were purified by passing through G-50 Sephadex columns (0.50 

gr of Sephadex/800 µL dd H2O), which were constructed by incubating hydrated 

Sephadex at room temperature for 30-40 min followed by centrifugation at 3,000 rpm for 

2 min. Dried cycle sequenced products were then denatured in formamide and 

electrophoresed using an ABI 3100-Avant genetic analyzer (Applied Biosystems, Inc., 



Texas Tech University, Stephanos A. Roussos, May 2015 

56 

Foster City, CA). Chromatograms were viewed and sequences edited using Sequencher 

4.7 (Gene Codes Corp. Ann Arbor, MI) and aligned in BioEdit (Hall 2011). 

Phylogenetic Analyses 
 Not all gene sequences were equally represented in each sample in the overall 

study, leaving some gaps (missing data) in the dataset. Therefore, individual neighbor-

joining trees were produced for each gene fragment as well as a concatenated dataset in 

MEGA 6 (Tamura et al. 2013) to visually compare topologies. The concatenated dataset 

was analyzed using Maximum Likelihood (ML) methods performed in MEGA 6 

incorporating 1000 replicates of bootstrap analysis using the General Time-Reversible 

with gamma and invariant sites (GTR + G + I) model of evolution suggested by 

jModelTest2 considering the data (Darriba et al. 2012). Out-group samples used included 

the Milos viper (Macrovipera schweizeri) and the Asp viper (Vipera aspis) thus 

providing outgroup comparisons at the inter- and intra-generic levels. Also in MEGA 6, 

pairwise genetic distances were calculated between the monophyletic clades depicted in 

the ML tree. Distances between sub-clades were also calculated to understand the intra-

clade variability. Additionally, a haplotype network was constructed using the 

concatenated sequences through parsimony statistical analysis performed in TCS version 

1.2 (Clement et al. 2000) with the default of 95% connectivity probability.  

Bayesian inference (BI) analysis was performed in Mr.Bayes 3.2 (Ronquist et al. 

2012) using the GTR + G + I model for the concatenated dataset. The analysis was run 

simultaneously, four independent times with eight chains. In each run, the number of 

generations was set to 107 with sampling every 100 generations to produce an output of 

105 trees. The average standard deviation of split frequencies below 0.01 was used to 
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confirm the convergence of the two runs onto the stationary distribution (see MrBayes 

3.1.2 manual). I further evaluated the ‘burn-in’ by plotting the log-likelihood scores and 

the tree length against generation number using Tracer v.1.5.0 (Rambaut and Drummond, 

2008). The -ln L was stabilized after approximately 106 generations and the first 25% (2.5 

X 104) were discarded as burn-in, in order to avoid the possibility of including 

suboptimal trees. 

Divergence Time Estimation 
 To investigate the effects of the paleogeography on vipers in the Cyclades I 

estimated the divergence times of lineages (individual islands or island clusters) within 

the Cycladic clade using BEAST v1.8.1 (Drummond et al. 2012) to see if there was any 

correlation between tree topology and paleogeographical events. I calibrated the most 

recent common ancestor (MRCA) with the out-groups using a fossil calibration for 

Macrovipera in Europe at 23.8 million years ago (MYA; Syndlar and Rage 2002). 

Additionally, I calibrated divergence between V. aspis and V. ammodytes by running a 

separate analysis in BEAST using just a dataset consisting of the Cyt-b sequences and 

incorporated several more viperid taxa in order to get a more accurate calibration for the 

V. ammodytes-V.aspis MRCA. Several Vipera sp. were used (i.e., V. berus, V. ursinii, V. 

latastei, among others) as well as other representatives from the sub-families Viperinae 

(i.e., Daboia russelli, Macrovipera lebetina, among others) and Crotalinae (i.e., Crotalus 

atrox, Agkistrodon contortrix, Sistrirus milliarus). Based on estimated MRCA times from 

previous phylogenetic analyses among most viper lineages allowed for the calibrations in 

the present study (Wüster et al. 2008). I also used two in-group calibrations for 

divergence events among the V. ammodytes clades proposed in Ursenbacher et al. (2008); 
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that of the first MRCA of all V. ammodytes clades (4 MYA) and the MRCA of the 

Cycladic clade (3.5 MYA).  

The input file was configured in the BEAUti utility included in the BEAST 

software package. The analysis ran for 8X107 generations with a 1000-step thinning from 

which 10% were discarded as burn-in. The model and priors applied in the analysis were 

as follows (otherwise default specifications were used): TN93+ G + I model of evolution, 

Relaxed Uncorrelated Lognormal Clock estimate, Yule process of speciation, and a 

random starting tree. The CIPRES portal online service (www.phylo.org) was used to run 

the analysis. The results were then analyzed in Tracer v.1.6 (Rambaut et al. 2014) to 

assess convergence and effective sample sizes (ESSs) for all the parameters. 

TreeAnnotator (part of the BEAST software package) was used to synthesize the trees 

after a burn-in of 25% to produce the final tree. FigTree v1.4.2 (Rambaut 2014) was used 

to visualize the tree and information pertaining to the nodes and branches. 

Results 

Phylogenetic Analyses 
 The haplotype network analysis separated the entire Cycladic clade from the 

mainland V. a. meridionalis as there were more steps between the two geographic groups 

than the maximum limit constrained in the analysis to produce 95% connection 

probability (21 steps). Interestingly, the network depicts the clustering of haplotypes 

between two groups in the Cyclades, a ‘Northern’ and ‘Southern’ cluster (Figure3.4). 

Additionally, within each of these clusters there are island endemic haplotypes that are 

separated by several steps from the rest of these groups. In the ‘Northern’ cluster, the sole 

sample from Andros is separated by 11 steps from the cluster of Tinos, Mykonos and 



Texas Tech University, Stephanos A. Roussos, May 2015 

59 

Rinia. Furthermore, haplotypes from Syros are separated by five steps from the above 

cluster depicting further differentiation within the ‘Northern’ cluster. In the ‘Southern’ 

cluster, the Sikinos haplotype is separated by 10 steps from the cluster of Naxos, Paros, 

Antiparos, Despotiko, Iraklia, Ano Koufonissi and Ios. 

The individual neighbor-joining gene trees were similar in producing 

monophyletic clades identified in Ursenbacher et al. 2008 with a couple of exceptions 

(discussed in Chapter 4). All samples from the Cyclades consistently formed a 

monophyletic clade and substructure within the clade. Within the Cyclades there was a 

consensus across the gene trees of a deep divergence between a “Northern” and “Central-

southern” sub-clades and further variation among these lineages was observed between 

trees of the most “conservative markers” 16S and CR1, to the more variable markers CR2 

and Cyt-b (Figure 3.5a-d). Exceptions in the tree topologies occurred with the placement 

of island endemic branches in the sub-clades (i.e., Sikinos and Ano Koufonissi in the 

south, and Andros and Syros in the north). Thus the tree representing the concatenated 

dataset summarizes the variation in the markers depicting the North-South divergence 

and identifying seven island endemic OTUs (Figure 3.6). 

The ML and BI analyses produced similar topologies in that they corroborate the 

monophyly of the Cycladic clade (Figure 3.7 and 3.8). Both trees also agree on the 

significant divergence between the ‘Northern cluster’ and the rest of the islands in the 

‘Southern cluster’ but the latter is not considered a monophyletic group with several 

OTUs branching off paraphyletically to each other. Several island endemic lineages 

(OTUs) are identified, some with strong support values (i.e., Sikinos 95/100, Syros - 

93/100, Ano Koufonissi - 69/99, bootstrap and posterior probability values respectively). 
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Again, Andros is found basal to the ‘Northern’ islands Tinos, Mykonos and Rinia, while 

Syros branches off as an OTU in the crown of this ‘Northern sub-clade’; therefore, the 

populations of Mykonos, Tinos and Rinia are polyphyletic. In both trees the ‘Central-

southern’ islands do not form a monophyletic group with Sikinos being basal to the 

whole Cyclades in the ML tree and then polyphyletic to OTUs of the central-southern 

island in the BI tree. Island endemic OTUs representing individuals of Ano Koufonissi 

and Antiparos-Despotiko are also depicted in both trees leaving all the other individuals 

represented by Naxos, Paros, Iraklia and Ios to be polyphyletic to each other, Iraklia 

forming its own OTU in the BI analysis. 

Pairwise genetic distances calculated between the Cycladic and other continental 

monophyletic groups of V. ammodytes are given in Table 3.3. Distances between the 

Cycladic clade and other V. ammodytes clades ranged between 4.9 – 6.5% for Cyt-b. The 

genetic distance between the Cycladic clade and continental Greece (V. a. meridionalis) 

was surprisingly the highest at 6.5%. Distances between the monophyletic Cycladic 

lineages were low but distances between the ‘Northern’ and ‘Southern’ Cycladic groups 

was about 1.4%. Distances between V. ammodytes clades and other species in the genus 

Vipera were 6.3 – 16.3%. Thus the Cycladic clade exhibits larger genetic distances to 

mainland V. ammodytes than does the Northwestern clade of V. ammodytes with Vipera 

berus (6.3%, See Table 3.3) 

Divergence Time Estimation 
 The tree topology produced from BEAST analysis (Figure 3.9) was concordant 

with that of the ML and BI trees but showed complete branching between all individuals, 

and most posterior ESS values were high (>200) indicating that the analyses had 
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converged on most all parameters. According to our results, the Cycladic clade split from 

the mainland populations during the late Miocene about 7.88 MYA and subsequently 

split between the northern and southern populations at about 5.33 MYA. Subsequent 

separation among the ‘Central-southern’ sub-clade happened with an OUT representing 

Sikinos, Ios and a single representative from Naxos (Va024, showing a polyphyletic 

relationship of Naxos) at about 4.03 MYA, and the Sikinos OTU separating from the 

others at about 2.4 MYA. The Ano Koufonissi OTU is estimated to have separated at 

about 2.91 MYA from the rest, and the Antiparos-Despotiko OTU following at 2.57 

MYA leaving Naxos-Paros-Iraklia forming a polyphyletic relationship (Iraklia estimated 

to have separated arund 1.3 MYA). Among the ‘Northern’ sub-clade the Andros OTU is 

estimated to have diverged the earliest at about 3.58 MYA with the Syros OTU following 

at about 2.33 MYA leaving Tinos-Mykonos-Rinia in one polypheletic clade (Rinia 

depicted to separate around 1.20 MYA ago from the rest). 

Discussion 

Phylogenetic Relationships of Cycladic Vipera ammodytes 
 My analyses support the monophyly of the Cycladic clade and are in agreement 

with the Ursenbacher et al. (2008) study which was based on four samples. Also in 

agreement with that previous work is the significant genetic differentiation between the 

‘Northern’ and ‘Southern’ Cycladic vipers. One major difference between the two studies 

is the placement of the ‘Cyclades’ clade as my results conclude that the clade is 

paraphyletic (basal) to the ‘Peloponnesian’ and ‘Southeastern’ clade, while Ursenbacher 

et al. (2008) inferred it to be sister to the ‘Peloponnessian clade’, and the ‘Southeastern’ 

clade being basal. This new topology suggests that the evolutionary history of the 
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‘Cyclades’ clade has been different than previously assumed and provides a new working 

hypothesis about the phylogeography of nose-horned vipers in Greece.  

My data support the hypothesis that the Cycladic Plateau is an extension of 

mainland Greece and would have most recently been connected to Evia rather than to the 

Peloponnese. Although this connection has previously been proposed to have occurred in 

the Pliocene and Pleistocene (5.3 MYA – 20 KYA; Anastasakis and Dermitzakis 1990; 

Beerli et al. 1996; Perissoratis and Conispoliatis 2003) the current literature and our 

results suggest this connection last occurred at the end of the Messinian Salinity Crisis 

(MSC), 5.33 MYA. 

The paleogeological event of the MSC is when the Gibraltar strait was closed due 

to tectonic movement of the North African plate northward and the Mediterranean basin 

desiccated into what has been described as a desert steppe starting about 5.9 MYA 

(Roveri et al. 2014). During this period of time, the connection between Europe and 

North Africa allowed for faunal exchange between the continents. Still, even during this 

period rivers and hypersaline lakes at the bottom of the Myrtoon and Corinthian basins 

would have created barriers to dispersal for many animals and continued isolation of 

these regions (Kapsimalas et al. 2009; Roveri et al. 2014). The Mediterranean basin 

refilled about 5.33 MYA in what is known as the Zanclean flood (Garcia-Castellanos et 

al. 2009) and thus once again formed a barrier between Europe and North Africa and 

insularly isolated several species on islands (i.e. on Crete, Milos and now, assumingly the 

Cyclades).  

This study includes the initial report of variation detected between the island 

populations in an apparent radiation of insular endemic lineages across the Cycladic 
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archipelago. The phylogenetic trees and networks reveal a spatial component to the 

evolutionary relationship between island populations where, in general, island 

populations that are closer spatially (distance) to each other share more recent common 

ancestry (genetics). The deep divergences and monophyly of certain island endemic 

lineages suggest that these are Evolutionary Significant Units (ESUs) and provide 

evidence for what is potentially insipient speciation (Schield et al. 2015). Future 

phylogenetic studies of other taxa from the Cyclades should try to incorporate samples 

from these specific OTU/ESU islands (i.e., Sikinos, Andros, Syros, Ano Koufonissi) to 

determine whether these patterns hold broadly across other taxa; if this is the case this 

would suggest these specific islands as “little hotspots” in the Cyclades. Such studies can 

help prioritize conservation action plans and strategies in the Cyclades for individual 

species and/or whole ecosystems. 

Genetic distances between the ‘Cyclades’ clade and the closest mainland 

population average around 6.5%, and clearly differentiate the Cycladic populations from 

continental groups; this in turn suggests that the current taxonomy is insufficiently 

capturing the evolutionary diversity and history of these snakes. In light of the 

morphological results of Chapter II and the results of this chapter, I propose that the 

populations of nose-horned vipers in the Cyclades receive a novel taxonomic assignment 

Vipera cycladica (nomen nudum) with a distribution within the Cycladic archipelago. 

Based upon the phylogenetic species concept (Cracraft 1983), evolutionary species 

concept (Wiley 1978) and the genetic species concept (Bradley and Baker 2001), and 

using an integrative approach, there is much support for this new description (Torstrom et 

al. 2014). Simply considering the genetic distance - which is the most common method 
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used to distinguish between species and subspecies in recent works pertaining to the 

systematics of herpetofauna - 6.4% difference is the median for distinguishing species 

level and thus V. cycladica falls within this category (Torstrom et al. 2014). 

Divergence of the Cycladic Nose-horned Vipers 
 My results suggest that the Cycladic clade diverged from mainland populations 

much earlier (~ 7.88 MYA) than the 3.5 MYA divergence date that Ursenbacher et al. 

(2008) proposed, and places this divergence before the MSC sometime in the late 

Miocene. This hypothesis is different than what has been previously described by some 

concerning the paleogeography of the Cyclades and its effect on the distribution of the 

extant and extinct fauna (Anastasakis and Dermitzakis 1990; Beerli et al 1996; Perisoratis 

and Conispoliatis 2003). These previous works have assumed Cycladia was attached to 

the mainland or to the Peloponnese via landbridges that formed during low sea levels and 

therefore had faunal exchanges through the Pliocene and Pleistocene. Most have assumed 

that Cycladia was attached to mainland Greece throughout glacial periods during the 

Pleistocene. Other phylogeographic studies of animals that included specimens from the 

Cyclades have also identified and inferred a divergence time around 5 MYA for Cycladic 

taxa/populations (Kornilios et al. 2013; Sagonas et al. 2014) suggesting isolation right at 

the end of the MSC. Unfortunately, these other studies lacked sampling from within the 

Cyclades or had weak nodal support and therefore avoided discussing the uniqueness of 

these lineages any further.  

 Furthermore, recent works in paleoclimatology have modeled global sea-levels 

over the last one million years (Bintanja et al. 2005 and references therein) and this has 

provided a detailed understanding of how many times the Cycladic Plateau was most 
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likely submerged or subaerial during the last one million years. According to these 

estimates there were about four severe glaciations that would have dropped the Aegean 

sea-level by approximately 100 - 120 m each time forming the ‘mega-island’ Cycladia 

(See Figure 3.1) and eight or so weaker glaciations that would have dropped the Aegean 

sea-level by 70 m (thus splitting the Cyclades between North and South, see below). 

Similarly, during the last one million years there have been about four interglacial periods 

that have had sea-levels consistent with the present, with about eight weaker interglacial 

periods that would have had an average sea-level about 20 m below  the current level 

(Bintanja et al. 2005). Because the sea-level never dropped below 120 m during this 

period, it is likely that the Cyclades have been isolated from the mainland for at least this 

duration (one million years) and only fragmented and connected among themselves 

during the Pleistocene glaciations. This is reasonable because the bottom of the Evia - 

Andros trench is currently about 200 m deep and so there would have been at least 

another 70 m drop in sea-level below the current LGM estimates before a land-bridge 

would form. 

Radiation of Cycladic Sub-clades and Island Endemic Lineages 
Excitingly, the most up-to-date study utilizing several global data sets, including 

the Eastern Mediterranean, has modeled the global sea-level going back 5.3 million years 

for the first time (Rohling et al. 2014). This study modeled the sea-level after the 

Zanclean flood ended the MSC and suggests that the sea-level thereafter was 

continuously high enough to have permanently isolated the Cyclades from mainland 

Greece. Furthermore, these models support my divergence estimations for the separation 

between the ‘Northern’ and ‘Southern’ sub-clade after the Zanclean flood at 5.33 MYA.  
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Within the Cycladic clade, divergence between the ‘Northern’ and ‘Southern’ 

sub-clades occurred sometime about 5.33 MYA, directly at the Zanclean flood (Garcia-

Castellanos et al. 2009) which catastrophically raised the sea-level so quickly that the 

whole Mediterranean basin was filled in a matter of a few hundred years. The lowest 

depression of Cycladia is the area between what is now Mykonos-Delos-Rinia and 

Naxos-Paros. In the wake of interglacial periods, the rising sea-level would submerge this 

part of the ancient island first, separating the northern Cyclades from the southern 

Cyclades (Kapsimalis et al. 2009; Rohling et al. 2014). This suggests that these two 

island groups were isolated from each other as long as the sea-level was at - 70 m or more 

below the current level (Perissoratis and Conispoliatis 2003; Gaki-papanasstassiou et al. 

2010). During the last 2.15 MY the sea-level was primarily at this level rather than either 

completely separated or fully connected suggesting that the Cyclades have been separated 

into two islands (northern cluster and southern cluster) more often than during the 

warmest interglacial periods like the present (Rohling et al. 2014). 

The oldest island endemic ESUs (i.e. Sikinos and Andros) are estimated to have 

diverged in the late Pliocene (between 4 - 3.5 MYA) and the others splitting within the 

Pleistocene between 2.9 – 1.3 MYA. These early separation events coincide with the high 

sea-levels of the Pliocene (about 60 - 20 m higher than the present) and the sudden drop 

and subsequent rise of sea-level at the start of the Pleistocene. Thus the increased severity 

of the glaciations and the eustatic sea-level in the Pleisticene further defined (lineage 

sorting) the rest of the OTUs in the Cyclades. 

The dynamic interplay between Pleistocene glacial cycles and repetitive 

fragmentation and connection of the Cyclades has naturally led to the extinction of some 
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insular reptile populations including vipers (Foufopoulos and Ives 1999). Considering 

that the species is of European and not of African origin, this temperate species has likely 

had to struggle and adapt evolutionarily to aridification and impoverishment of the 

ecosystems (Foufopoulos et al. 2011). These insular stresses, plus the eustatic sea-level 

have acted as pruning mechanisms for the Cycladic nose-horned viper’s phylogeny 

leading to the likely demise of viper populations on all but the largest islands of the 

Cyclades. 

Another perspective considering the connectivity of Cycladia is that during 

periods of lower sea-levels land-bridges that formed may have been devoid of reasonable 

habitat (i.e. sand dunes or swamps) for long periods of time before vipers could begin 

inhabiting these areas and minimizing secondary contact with other island populations. 

Alternatively, these land-bridges could have represented zones that never restored 

ecosystems for the vipers to inhabit (i.e. hypersaline lakes) once submerged in the first 

interglacial periods keeping these individual populations separated from each other even 

during times of connectivity. Alternatively, polyphyletic relationships between the 

lineage groups of Mykonos-Rinia-Tinos, Naxos-Paros-Ios-Iraklia and Antiparos-

Despotiko, may suggest adequate habitat on land-bridge connections here that allowed 

secondary contact between these populations. The larger islands may act as ‘sink’ 

populations for the genetic makeup of the general metacommunity of island populations 

upon secondary contact and gene flow. Considering that water depths between some of 

these islands (i.e. Antiparos-Despotiko) is as shalow as 3 m, it seems likely that gene 

flow during most drops in sea-level was fluid. Therefore the relationship between viper 

populations on these proximal islands (with shallow depths) is different than between 
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other proximal island populations (e.g., Sikinos and Ios) which are separated by deeper 

water (> 50 m). 

Conservation Implications 
Conservation research and management are virtually non-existent in the Cyclades 

given the endemism and biological uniqueness of these islands and the instability of 

isolated populations. Terrestrial conservation planning and management in the Cyclades 

has traditionally focused on wetland areas (which are rest stops for migratory bird species 

travelling between Europe and Africa), certain beaches important for nest sites for the 

Loggerhead sea turtle (Caretta caretta), and small islands that are birthing sites for the 

Mediterranean monk seal (Monachus monachus; Legakis and Maragou 2009). All of the 

islands represented by endemic lineages of V. cycladica identified in this study (Andros 

[1 sample], Syros, Antiparos-Despotiko, Ano Koufonissi, Iraklia [2 samples] and 

Sikinos), are either completely or partially designated as protected sites in the European 

ecological network Natura 2000. Despite the biological importance of these top terrestrial 

predators in the Cyclades, none of the Natura 2000 sites it inhabits have ever considered 

the species as part of the biota of interest nor including it in management plans (if they 

even exist) associated with the sites. Even though Vipera ammodytes is mandated as 

protected in the Annex IV of the Bern Convention Directive 92/43/EEC (animal and 

plant species of community interest in need of strict protection), it is a common viper 

across Greece that has historically been persecuted and never considered in biodiversity 

conservation efforts.  

On most of the Cyclades, there has been considerable habitat transformation due 

to traditional agricultural terracing and building of stone walls over thousands of years. 
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These historical methods have not appeared to be detrimental to viper populations and 

may have even created important microhabitats for them (Pafilis 2010; Roussos pers. 

obs.). Over the last 60 years, the Cyclades have seen an increase in human developments 

because of the booming tourist industry that now supports these local communities, 

which in turn have impacted native ecosystems in multiple ways. The total area 

encompassed by the 15 islands that Vipera cycladica inhabits is about 1,650 km2, 

including five islands that have an area of < 15 km2 (Rinia, Despotiko, Ano Koufonissi, 

Delos and Strogilo; in order from larger to smallest). Considering the criteria outlined by 

the IUCN Red List Guidelines 2014, Vipera cycladica should be considered as an 

endangered species based on the following criteria; B1 Extent Of Occurrence < 5000 

km2, B2 (a) severely fragmented populations, and B2 (b) (iii) continuing, estimated and 

observed decline in the extent and/or quality of habitat. We recommend to authorities that 

monitoring of populations on the smaller islands is a priority because they are inherently 

less stable and unregulated goat herding practices are permanently distrupting and 

destroying ecosystems. 

As an example, Ano Koufonissi especially has been subjected to recent increases 

in human development over the last 20 years, reflected in the increase in ferry boat traffic 

and hotel construction (from 1,000 beds-late 90s to 3,000 beds-current). Most of the 

island has been modified (ex. agricultural fragmentation, development of structures, 

pastures, roads), but any effect(s) on the viper population is (are) unknown. Such cases 

can be found across many of the Cycladic Islands where biodiversity has been poorly 

studied and anthropogenic factors most likely threaten populations to extinction because 

of habitat fragmentation, over pumping of wells, over grazing, construction of new 
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housing developments, and direct or indirect persecution (Nilson et al. 1999; Andren et 

al. 2007; Pafilis 2010). The impact of modern human activities on the survival of V. 

cycladica on various islands should be evaluated in order to avoid extirpating these 

biologically important predators from the ecosystem and disintegrating the functional 

ecosystems remaining in the Cyclades. 

Ano Koufonissi and surrounding “Small Cyclades” (Keros, Kato Koufonissi, 

Schinoussa and Iraklia, plus satellite islets) is a top candidate region to preserve insular 

ecosystems of small islands while finding a balance that includes future tourist increases. 

These islands may provide a perfect example of how small local human communities 

may dvelop their tourist industries while preserving and developing their archaeological 

and ecological treasures that are found across this micro-archipelago. A collaboration 

between local authorities and leaders, businesses, archaeologists and biologists could 

outline the steps towards a sustainable management of these islands while increasing the 

tourist industry the local communities crucially need. This would most likely include 

development of archaeological sites (i.e., Keros), construction of minimal impact trails 

across islands, local and tourist education through information centers in each of the main 

towns, direct involvement by local communities, workshops for business owners, and 

even training opportunities to increase jobs (i.e., nature guides). 
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Figure 3.1:  
Map of the Cyclades with bathymetry and the distribution of V. ammodytes.  

 

 

Dark grey depicts the islands that Vipera ammodytes is distributed across. In the top left, Evia is a large 

island very close to the mainland and considered part of the mainland for the study concerns. Bathymetry 

below 120 m is represented by the dark-shade of grey (18 kya), middle-shade grey represents sea-level rise 

between 120 –60 m (18 – 13 kya), and the lighter-shade grey 60 – 30 m (13-12 kya). 
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Figure 3.2(a):  
Map from Tomović 2006 of Vipera ammodytes subspecies distribution after morphological analyses. 
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Fig 3.2 (b): 
 Map from Ursenbacher et al. 2008 of Vipera ammodytes clades distribution after 

molecular analyses. 
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Figure 3.3:  
Map of sampling from the Cyclades. 
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Figure 3.4:  
Haplotype Network for the Cyclades produced by TCS v1.2 
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Fig. 3.5(a):  
Individual Neighbor-Joining tree for 16S ribosomal RNA gene dataset 
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Fig. 3.5(b):  
Individual Neighbor-Joining tree for Control Region fragment 1 (CR1) 
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Fig. 3.5(c):  
Individual Neighbor-Joining tree for Control Region fragment 2 (CR2) 
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Fig. 3.5(d): 
Individual Neighbor-Joining tree for Cytochrome b (Cytb) 
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Fig. 3.6: 
Individual Neighbor-Joining (NJ) Tree for the Combined Dataset 
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Figure 3.7: 
Maximum Likelihood Tree with 1000 bootstrap replicates – MEGA6 
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Figure 3.8: 
Bayesian Inference tree – MrBayes v3.2 
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Figure 3.9: 
Divergence Time Estimates for the Cyclades clade and OTUs. Time is in million years ago (MYA). – BEAST v1.8 
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Table 3.1: Samples Represented in the study 

Catalog # Type Locality Ref. # in Analyses 
LD 1006 blood W. Syros, Cyclades, Greece Va001 
LD 1007 blood S. Rinia, Cyclades, Greece Va002 
LD 1008 blood S. Rinia, Cyclades, Greece Va003 
LD 1009 blood S. Rinia, Cyclades, Greece Va004 
LD 1010 tissue  S. Evia, Greece Va005 
LD 1011 blood C. Syros, Cyclades, Greece Va006 
LD 1012 tissue  C. Syros, Cyclades, Greece Va007 
LD 1013 blood N. Syros, Cyclades, Greece Va008 
LD 1018 blood S. Evia, Greece Va009 
LD 1019 blood S. Evia, Greece Va010 
LD 1020 tissue  E. Ano Koufonissi, Cyclades, Greece Va011 
LD 1021 tissue  E. Ano Koufonissi, Cyclades, Greece Va012 
LD 1022 blood E. Ano Koufonissi, Cyclades, Greece Va013 
LD 1023 tissue  E. Ano Koufonissi, Cyclades, Greece Va014 
LD 1024 tissue  E. Ano Koufonissi, Cyclades, Greece Va015 
LD 1025 tissue  E. Ano Koufonissi, Cyclades, Greece Va016 
LD 1026 tissue  E. Ano Koufonissi, Cyclades, Greece Va017 
LD 1027 blood E. Ano Koufonissi, Cyclades, Greece Va018 
LD 1033 tissue  E. Ano Koufonissi, Cyclades, Greece Va019 
LD 1034 tissue  E. Ano Koufonissi, Cyclades, Greece Va020 
LD 1035 tissue  E. Ano Koufonissi, Cyclades, Greece Va021 
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LD 1041 skin/bone N. Iraklia, Cyclades, Greece Va022 
LD 1042 tissue  C. Iraklia, Cyclades, Greece Va023 
LD 1043 tissue  NC. Naxos, Cyclades, Greece Va024 
LD 1049 tissue  E. Paros, Cyclades, Greece Va025 
LD 1050 tissue  E. Paros, Cyclades, Greece Va026 
LD 1051 tissue  E. Paros, Cyclades, Greece Va027 
LD 1052 tissue  E. Paros, Cyclades, Greece Va028 
LD 1058 blood S. Sikinos, Cyclades, Greece Va029 
LD 1059 blood S. Sikinos, Cyclades, Greece Va030 
LD 1060 tissue  S. Sikinos, Cyclades, Greece Va031 
LD 1061 blood S. Sikinos, Cyclades, Greece Va032 

GMNH 092.1 tissue  Andros, Cyclades, Greece Va034 
GMNH 409.2 tissue  Evia, Greece Va035 
GMNH 098.1 tissue  Evia, Greece Va036 
GMNH 5038 tissue  Lake Illiki-Paralimni, Attica, Greece Va040 
GMNH 409.1 tissue  Halkidiki, Greece Va041 
GMNH 10032 tissue  Tavgetos, Peloponnese, Greece Va042 
GMNH 610.3 tissue  E. Ano Koufonissi, Cyclades, Greece Va043 
GMNH 6031 tissue  Paralimni, Attica, Greece Va044 
GMNH 5037 tissue  Lake Illiki-Paralimni, Attica, Greece Va045 
GMNH 6041 tissue  W. Tavgetos, Peloponnese, Greece Va046 

NHMC 80.3.40.6 tissue  S. Ios, Cyclades, Greece Va047 
NHMC 80.3.40.9 tissue  SW. Naxos, Cyclades, Greece Va048 
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LD1100 blood Vari, Attica, Greece LD1100Attica 
LD1101 blood SE. Paros, Cyclades, Greece LD1101Paros 
LD1114 blood SE. Paros, Cyclades, Greece LD1114Paros 
LD1115 blood E. Paros, Cyclades, Greece LD1115Paros 
LD1116 blood E. Paros, Cyclades, Greece LD1116Paros 
LD1117 blood E. Paros, Cyclades, Greece LD1117Paros 
LD1118 blood E. Paros, Cyclades, Greece LD1118Paros 
LD1120 blood S. Paros, Cyclades, Greece LD1120Paros 
LD1141 blood W. Ano Koufonissi, Cyclades, Greece LD1141AK 
LD1157 blood NE. Antiparos, Cyclades, Greece LD1157Antiparos 
LD1158 blood NE. Antiparos, Cyclades, Greece LD1158Antiparos 
LD1160 blood NE. Antiparos, Cyclades, Greece LD1160Antiparos 
LD1161 blood NE. Antiparos, Cyclades, Greece LD1161Antiparos 
LD1164 blood NE. Antiparos, Cyclades, Greece LD1164Antiparos 
LD1165 blood NE. Antiparos, Cyclades, Greece LD1165Antiparos 
LD1170 blood NE. Despotiko, Cyclades, Greece LD1170Despotiko 
LD1171 blood NE. Despotiko, Cyclades, Greece LD1171Despotiko 
LD1172 blood NE. Despotiko, Cyclades, Greece LD1172Despotiko 
LD1173 blood NE. Despotiko, Cyclades, Greece LD1173Despotiko 

GNHM612.1/LD1207 tissue Kephalonia, Ionian islands, Greece LD1207Kephalonia 
GNHM912.4/LD1206 tissue Megalopoli, Peloponnese, Greece LD1206Peloponnese 

NHMC80.3.40.2 tissue Paranesti, Macedonia/Thraki, Greece NHMC80.3.40.2Drama 
NHMC80.3.40.3 tissue Paranesti, Macedonia/Thraki, Greece NHMC80.3.40.3Drama 
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NHMC80.3.40.4 tissue Karditsa, Thessalia, Greece NHMC80.3.40.4Karditsa 
NHMC80.3.40.7 tissue Artemissio, N. Evia, Greece NHMC80.3.40.7N.Evia 

NHMC80.3.40.8 tissue 
SE. of Mt.Lakmos, Trikala, Epirus, 

Greece NHMC80.3.40.8Trikala 
NHMC80.3.40.10 tissue N. of Xerovouni, Epirus, Greece NHMC80.3.40.10Arta 
NHMC80.3.40.11 tissue W. of Mt. Tzoumerka, Epirus, Greece NHMC80.3.40.11Mt.Tzoumerka 
NHMC80.3.40.12 tissue NW. of Mt. Oympos, Greece NHMC80.3.40.12Mt.Olympos 
NHMC80.3.40.13 tissue Evros, Thraki, Greece NHMC80.3.40.13Evros 
NHMC80.3.40.14 tissue Prespa Lake, Greece NHMC80.3.40.14Prespa 
NHMC80.3.40.21 tissue N. of Kerkini lake, Macedonia, Greece NHMC80.3.40.21Kerkini 
NHMC80.3.40.22 tissue Tebloni, Corfu, Ionian islands, Greece NHMC80.3.40.22Corfu 
NHMC80.3.40.23 tissue Stavroupoli, Xanthi, Traki, Greece NHMC80.3.40.23Stavroupoli 
NHMC80.3.40.24 tissue Trikorfo, Peloponnese, Greece NHMC80.3.40.24Peloponnese 
NHMC80.3.40.25 tissue Goumenissa, Kilkis, Greece NHMC80.3.40.25Kilkis 
NHMC80.3.40.26 tissue Macedonia, Greece NHMC80.3.40.26Macedonia 

LD1500 tissue SE.Thessaloniki, Greece LD1500 
LD1501 blood S. Mykonos, Cyclades, Greece LD1501 
LD1502 blood S. Mykonos, Cyclades, Greece LD1502 
LD1503 blood W. Mykonos, Cyclades, Greece LD1503 
LD1504 blood SE. Tinos, Cyclades, Greece LD1504 
LD1505 blood SE. Tinos, Cyclades, Greece LD1505 
LD1506 blood SE. Tinos, Cyclades, Greece LD1506 
LD1507 tissue SE. Lefkada, Ionian islands, Greece LD1507 
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LD1508 tissue SE. Ithaki, Ionian islands, Greece LD1508 
LD1509 tissue NW. Peloponnese, Greece LD1509 
LD1510 tissue S. of Koronia Lake, Thessaloniki, Greece LD1510 

Ursenbacher et al.     Country 
VVM 39 sequence Vlore Albania 
VVT 1 sequence Kura valley Armenia 

VVM 17 sequence Friesach Austria 
VVM 54 sequence Friesach Austria 
VVM 89 sequence Frantschach Austria 
AM 618 sequence Vaganca Canyon Bosnia 
VVM 28 sequence Zadar Croatia 
VVM 69 sequence Krk island Croatia 
VVM 76 sequence Near Dubrovnik Croatia 
VVM 98 sequence Omis Croatia 
AM 641 sequence village Kaluger, Belogradcisko Bulgaria 
AM 642 sequence village Sadovec, Plevensko Bulgaria 
AM 646 sequence villageNadezden, Harmanlijsko Bulgaria 
VVM 37 sequence Carevo Bulgaria 
VVM 48 sequence Northern coastal area Bulgaria 
VVM 79 sequence Ahtopol Bulgaria 
AM 623 sequence Mosor Croatia 
AM 626 sequence Bokanjac - Zadar Croatia 
AM 628 sequence Zapadna Istra, Rovinj Croatia 
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VVM 97 sequence Budva Montenegro 
AM 301 sequence Mont Ossa Greece 
VVM 23 sequence Lakonia, Kardamili, Peloponnese Greece 
VVM 31 sequence Syros, Cyclades Greece 
VVM 33 sequence Naxos, Cyclades Greece 
VVM 45 sequence Prespa lake Greece 
VVM 55 sequence Halkidiki Greece 
VVM 56 sequence Ios, Cyclades Greece 
VVM 57 sequence Tinos, Cyclades Greece 
VVM 60 sequence Basin of Feneos, Peloponnese Greece 
VVM 72 sequence Nafpaktos Greece 
VVM 73 sequence near Ioannina Greece 
VVM 74 sequence Igoumenitsa Greece 
VVM 75 sequence Mt. Olympos Greece 
VVM 82 sequence Lamia Greece 
VVM 84 sequence Kiparissia, Peloponnese Greece 
VVM 85 sequence Damasi Greece 
VVM 87 sequence N. Evvia Greece 

VVM 100 sequence Ag. Varvara, Corfu Greece 
Am 101 sequence Vadena, Bolzano Italy 
VVM 20 sequence Bozen Italy 
VVM 70 sequence Friuli, Musi Italy 
AM 622 sequence Nov Dojran Macedonia 
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AM 613 sequence Village Tepca, Canyon Tare Montenegro 
AM 615 sequence Mrtvica river canyon Montenegro 
AM 602 sequence Village Brod, Crna Trava Serbia 
AM 606 sequence Lisine spring, Mt. Beljanica Serbia 
AM 609 sequence Village Brzece, Mt. Kopaonik Serbia 
AM 612 sequence Sumanska river, Medveda Serbia 
AM 616 sequence Crnovska river, Trgoviste Serbia 
AM 630 sequence Ljubljana, Javor Slovenia 
AM 631 sequence Huda luknja Slovenia 
VVM 50 sequence Sneznik Slovenia 
VVM 93 sequence Velenje Slovenia 
VVM 94 sequence Maribor Slovenia 
AM 215 sequence  Sivas village, north Zara. Turkey 
VVM 90 sequence Sapanca Turkey 
VVT 4 sequence Aralik Turkey 
VVM 1 sequence Lake Skutari Montenegro 
VVM 41 sequence Cetinje Montenegro 
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Table 3.2: Markers, Primers, Sources, Annealing temps 

 
Primer Pairs (F/R) Sequence Tm Reference 
16S rRNA 

   16A1 
 

50.7 Mayer et al. 2000 
H3056 

 
57.3 Mayer et al. 2000 

    Control Region 1 
   L16148VA 
 

55.9 Kumazawa et al. 1996 
H16551VA 

 
59.4 Kumazawa et al. 1996 

    Control Region 2 
   

L16571 
 

59.4 
Ursenbacher et al. 

2006 

H690 
 

49.9 
Ursenbacher et al. 

2006 

    Cytochrome b 
   

LS14841 
 

50.7 
Ursenbacher et al. 

2008 
HtRNA3 5'CAAGAACGGTGCTTTTAGGG3' 54 S.Roussos this study 
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Table 3.3: Genetic Pairwise Distances of Cyt-b between V. ammodytes clades and other taxa in Viperidae 

 
    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 Cycladic                               
2 SE 0.065                             
3 NW 0.063 0.075                           
4 Serbia 0.054 0.066 0.054                         
5 Montenegrin 0.050 0.058 0.052 0.036                       
6 Pelopo 0.055 0.066 0.067 0.055 0.056                     
7 SW 0.049 0.054 0.051 0.042 0.038 0.055                   
8 Vipera_berus 0.093 0.099 0.063 0.083 0.077 0.102 0.080                 
9 Vipera_lotievi 0.120 0.121 0.120 0.109 0.100 0.135 0.108 0.061               

10 Vipera_seoanei 0.133 0.129 0.133 0.120 0.111 0.143 0.112 0.092 0.049             
11 Vipera_renardi 0.133 0.128 0.128 0.121 0.110 0.142 0.112 0.091 0.052 0.071           
12 Vipera_ursinii 0.135 0.132 0.136 0.124 0.116 0.149 0.119 0.096 0.053 0.068 0.024         
13 Vipera_aspis 0.145 0.154 0.153 0.140 0.140 0.161 0.149 0.133 0.109 0.128 0.104 0.108       
14 Vipera_latastei 0.163 0.153 0.137 0.141 0.144 0.152 0.149 0.128 0.114 0.133 0.109 0.110 0.084     
15 Daboia_russelli 0.214 0.206 0.194 0.194 0.189 0.207 0.192 0.193 0.186 0.195 0.196 0.201 0.199 0.166   
16 Crotals_atrox 0.251 0.242 0.235 0.240 0.233 0.247 0.247 0.229 0.222 0.232 0.218 0.215 0.232 0.212 0.258 
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CHAPTER IV:  
PHYLOGEOGRAPHY AND GENETIC DIVERSITY IN THE NOSE-

HORNED VIPER (VIPERA AMMODYTES) IN THE HELLENIC 
REGION 

Abstract 
 The nose-horned viper (Vipera ammodytes) is the most widespread and common 

viper species in Greece and seven molecular clades have been identified across the 

Balkans and Turkey, four of which are found in Greece. A lack of samples from Greece 

has left several gaps in the knowledge about the distribution of these clades, their 

phylogenetic relationships and the influence that paleogeographic events may have 

played in their evolution. Herein I present a comprehensive phylogeographic study of the 

nose-horned vipers in Greece analyzing 2471 bp of mitochondrial DNA (16S, Control 

Region and Cytochrome-b genes) using Maximum Likelihood and Bayesian Inference 

methods.  My results identify the same well supported monophyletic clades previously 

known but additionally revealed further diversity and helped define the distribution limits 

of each clade. Samples from northern Greece helped identify an approximate boundary 

between the subspecies (sub-clades) V. a. meridionalis and V. a. montadoni that has 

never been determined to this accuracy before. Additionally, samples from the Ionian 

islands of Lefkada, Ithaki and Kephalonia proved to be valuable as the two former were 

grouped with samples from the adjacent mainland (Western Greece clade), when the 

latter was grouped in with the Peloponnesian clade. My results suggest that the Pindos 

rifting, the tectonic separation of the Peloponnese and the Zanclean flood were 

paleogeographic events during the Miocene that coincide with divergences of the clades 

and sub-clades identified. Further diversification between the populations seems to be 
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influenced by the Pleistocene glacial and interglacial cycles that isolated populations in 

micro-refugia or islands. Given the estimated divergence times, inter-clade genetic 

distances, phylogenetic relationships and allopatric distributions, I propose that each of 

the clades be assigned novel taxonomc assignments (Vipera cycladica, Vipera 

peloponnesiaca and Vipera epiroticus) and V. a. meridionalis be elevated to species level 

Vipera meridionalis with recommendations for subspecies designations. 

Introduction 
 The Balkan Peninsula has probably the most heterogeneous environmental and 

topological features of any of the Mediterranean Peninsulas (Balkan, Appenine and 

Iberian) and thus has produced the highest diversity of herpetofauna in Europe (Cox et al. 

2003). As Greece is the southernmost part of the Balkan Peninsula, it represented an 

important glacial refugium for several European species during the Pleistocene that 

extended their distributions northward following glacial retreat (Taberlet et al. 1998; 

Hewitt 1999; 2001; Petit et al. 2003). This lead to speciation and/or diversification in 

several reptile species (Poulakakis et al. 2003; 2005; Ursenbacher et al. 2008; Ferchaud et 

al. 2012; Kornilios et al. 2013; Sagonas et al. 2014, Thanou et al. 2014). The nose-horned 

viper or long-nosed viper (Vipera ammodytes) is the most common and widespread 

venomous snake in the Balkans and recent work has revealed levels of diversity in this 

species historically underestimated (Ursenbacher et al. 2008; Figure 4.1).  

The nose-horned viper (Vipera ammodytes) is a medium sized snake distributed 

across the Balkan Peninsula and seven subspecies have been described based on 

morphology: V. a. ammodytes (Austria, Italy, Croatia, Slovenia, Bosnia-Herzegovina, 

Serbia, Montenegro, Macedonia, Albania, Romania and Bulgaria), V. a. ruffoi (Italy), V. 
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a. gregorwallneri (Austria and Slovenia), V. a. illyrica (most parts of ex-Yugoslavia), V. 

a. montadoni (Romania, Macedonia, Bulgaria and northern Greece), V. a. meridionalis 

(Central to southern Greece, including the Cyclades, Sporades and Ionian islands, as well 

as the Peloponnese) and V. a. transcaucasiana (Asia Minor; Mallow et al., 2003; 

Tomović 2006, and references therein). Some researchers have considered V. a. 

transcaucasiana to full species level Vipera transcaucasiana (Hermann et al. 1992; 

Mallow et al. 2003) but the lack of samples from Asia Minor leaves this taxonomy 

coarsely determined. Excluding V. a. transcaucasiana, the most commonly accepted 

taxonomic hypothesis supported by morphological analyses, includes three subspecies (V. 

a. ammodytes, V. a. montadoni and V. a. meridionalis) to represent the geographic groups 

in the Balkans; synonymizing V. a. ruffoi, V. a. illyrica and V. a. gregorwallneri with the 

nominate form V. a. ammodytes (Boulenger, 1913; Mallow et al., 2003; Tomović, 2006). 

Other taxonomic considerations for V. ammodytes have been the synonymization of the 

subspecies V. a. montadoni with V. a. meridionalis (Golay et al. 1993). 

Ursenbacher et al. (2008) used mitochondrial DNA (mtDNA) markers to 

elucidate the phylogeographic patterns of V. ammodytes across its distribution and 

uncovered seven distinct clades. The molecular clades revealed that V. ammodytes 

diversified allopatrically in several Balkan refugia during the Pliocene and morphological 

analysis has never uncovered these distinct lineages. Of the seven molecular clades 

uncovered, four of them inhabit areas in the southern part of the Balkans which is modern 

day Greece: the ‘Cycladic clade’ representing the Cyclades, the ‘Peloponnesian clade’ 

representing the Peloponnesian Peninsula, a ‘Southwestern clade’ representing samples 

from west of the Pindos Mountain Range and southern Albania, and lastly the 
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‘Southeastern clade’ represented by samples east of the Pindos Mountain Range in 

Greece, Macedonia (FYROM), and Bulgaria, and even samples from Turkey and 

Armenia (V. a. transcaucasiana). Thus the ‘Southeastern clade’ stretches across a large 

geographic area and separated into four sub-clades traditionally considered parts of the 

distributions of V. a. meridionalis, V. a. montadoni and V. a. transcaucasiana; the 

‘Southern sub-clade’, ‘Eastern sub-clade’, ‘Turkish sub-clade’ and the ‘Asia Minor sub-

clade’ respectively (See Figure 4.1). 

Although the Ursenbacher at al. (2008) paper provided great insight into the 

diversity of V. ammodytes in Greece and provided impetus towards refining the 

taxonomy, our understanding about the phylogeographical patterns in Greece are still 

unclear. The primary aims of this study were to:  i) further investigate the diversity and 

evolutionary relationships of V. ammodytes in Greece, ii) elucidate the phylogeographic 

patterns across the Hellenic landscape, and iii) propose taxonomic considerations that 

integrate the most current knowledge we have about the species. By incorporating a 

large, comprehensive dataset of newly collected samples from novel localities across 

Greece and utilizing the same mtDNA markers from Ursenbacher et al. (2008), the 

current study clarifies these unknowns and provides an up to date taxonomic assessment 

of V. ammodytes in the Hellenic region. 

Methods 

Study Sites and Samples 
 In order to provide a better resolution regarding the evolutionary relationships 

between the clades in Greece compared to Ursenbacher et al. (2008), one of my main 

goals was to have a comprehensive sampling effort from Greece acquiring samples from 
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geographic regions not represented (Figure 4.2). Samples were either collected in the 

field by the author (2010 - 2014), obtained from accessioned specimens from the 

collections of the Goulandris Natural History Museum (GNHM, Athens, Greece) or the 

Natural History Museum of Crete (NHMC, Herakleio, Greece), or acquired from 

individuals who collected/shared tissue samples (Table 4.1 and Figure 4.2; See 

Acknowledgements). Sequences of the Milos viper (Macrovipera schweizeri) and Asp 

viper (Vipera aspis) provided outgroups at the inter- and intra-genus levels. 

All viper samples obtained were analyzed; however, I focused on collecting 

samples from particular geographic regions because they filled gaps in previous studies 

or they were geographically interesting: the Peloponnese, Ionian islands, Cyclades, Evia, 

and on mainland Greece, Attica, Epirus (‘Southwestern clade’) and all parts of northern 

Greece. Other areas of interest for the species, but not represented in this study, are the 

Sporades islands, Samothraki (the only Mediterranean island inhabited by two viper 

species; Vipera ammodytes and Montivipera xanthina), and high elevation specimens 

from the Pindos Mountains (See Chapter 5). A total of 113 novel samples from Greece 

were acquired for the study and additional sequences provided from Ursenbacher et al. 

(2008) were also included in the analyses since the mtDNA markers were the same in 

both studies (Table 1). 

All samples collected in the field were under Texas Tech University (TTU) 

Institutional Animal Care and Use Committee approval (TTU protocol 12083-10), and 

permits issued by the relevant Greek authorities for collection and exportation (See 

Acknowledgements). For wild caught specimens, whole blood was collected (< 200µl) 

via the caudal sinus using a 28 ½ gauge 1 cc syringe and stored in cell lysis buffer 
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(Longmire et al. 1997). Rarely, tissue was collected in the field, either by tail clipping (< 

4 mm), liver tissue, shed skin or skeletal remains (skin, muscle and bone) and stored in 

80-100% ethanol. All samples were packed and exported to the U.S. to be stored at -20°C 

in the L. D. Densmore laboratory at TTU prior to DNA isolation. Samples gratefully 

shared from Greek museums (GNHM and NHMC) were all tissue samples of the same 

type described above and fixed in 80-100% ethanol. Total genomic DNA (tDNA) was 

extracted and isolated from all samples using the PureGene isolation kit (Gentra Systems, 

Minneapolis, MN) and then electrophoresed on a 1.5% agarose gel and visualized under 

ultraviolet light using ethidium bromide.  

Gene Amplification and Sequencing 
The mtDNA markers used were a 400 bp fragment of the 16S ribosomal RNA 

gene, a 389 bp and a 711 bp fragment of the Control Region (CR1 and CR2 respectively), 

and a 967 bp fragment of the Cytochrome b gene (Cyt-b), for a total of 2471 bp of the 

mitochondrial genome. Markers and associated primers are shown in Table 2. 

Polymerase chain reactions (PCR) were performed in 25µL volumes using 1µL of tDNA 

(100 ng/µL), 14.5 µL of ddH2O, 5 µL of buffer (0.3 M TRIS, 0.0175 M MgCL2 and 

0.075 M (NH4)2SO4), 1 µL of 2.5 mM dNTPs, 0.50 µL (10 µM) of forward primer, 

0.50µL (10 µM) of reverse primer and 0.5 µL of Promega Taq polymerase (Promega 

Corp., Madison, WI). Thermocycler conditions for all primers consisted of an initial 

denaturation step of 2 min at 94°C, then 40 cycles of 30 sec at 94 °C, 45 sec at (the 

annealing temperature for the primers; See Table 2), and 60 sec at 72°C; with a final 

extension of 7 min at 72°C. 
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Unincorporated dinucleotides and primers were removed by mixing 5 µL of post-

PCR reaction product with 2 µL of ExoSAP-IT® (USB Corporation, Cleveland, Ohio) for 

a combined 7 µL reaction volume. The mixture was incubated at 37 °C for 35 min and 80 

°C for 15 min. Product was then cycle sequenced using Big Dye v3.1 dye terminator 

(Applied Biosystems, Inc., Foster City, CA) and the same primers used in the PCR. 

Cycle-sequence products were purified by passing through G-50 Sephadex columns (0.50 

gr of Sephadex/800 µL dd H2O), which were constructed by incubating hydrated 

Sephadex at room temperature for 30-40 min, followed by centrifugation at 3,000 rpm for 

2 min. Dried cycle sequenced products were then denatured in formamide and 

electrophoresed using an ABI 3100-Avant genetic analyzer (Applied Biosystems, Inc., 

Foster City, CA). Chromatograms were viewed, and sequences edited using Sequencher 

4.7 (Gene Codes Corp. Ann Arbor, MI) and aligned in BioEdit (Hall 2011). 

Phylogenetic Analyses  
Not all gene sequences were represented by each sample in the overall study 

leaving gaps (missing data) in the dataset. Therefore, individual neighbor-joining trees 

were produced for each gene fragment as well as a concatenated dataset in MEGA 6 

(Tamura et al. 2013) to visually compare topologies and check for structure. The 

concatenated dataset was analyzed using Maximum Likelihood (ML) methods performed 

in MEGA 6 incorporating 1000 replicates of bootstrap analysis using the GTR with 

gamma and invariant sites (GTR + G + I) model of evolution suggested by jModelTest2 

considering the data (Darriba et al. 2012). Outgroup samples used were the Milos viper 

(Macrovipera schweizeri) and the Asp viper (Vipera aspis) providing outgroups at both 

the inter- and intra-generic levels. 
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Bayesian inference (BI) analysis was performed in Mr.Bayes 3.2 (Ronquist et al. 

2012) using the GTR + G + I model for the concatenated dataset. The analysis was run 

simultaneously four independent times with eight chains. In each run, the number of 

generations was set to 107 with sampling every 100 generations to produce an output of 

105 trees. The average standard deviation of split frequencies below 0.01 was used to 

confirm the convergence of the two runs onto the stationary distribution (see MrBayes 

3.1.2 manual). I further evaluated the ‘burn-in’ by plotting the log-likelihood scores and 

the tree length against generation number using Tracer v.1.5.0 (Rambaut and Drummond, 

2008). The -ln L was stabilized after approximately 106 generations and the first 25% (2.5 

X 104) were discarded as burn-in, in order to avoid the possibility of including 

suboptimal trees. 

Pairwise genetic distances were also calculated in MEGA 6 by determining 

groups a priori that were monophyletic clades depicted in the BI tree using both the 

concatenated dataset and one just using Cyt-b to incorporate other taxa with available 

sequences. Distances between sub-clades were also calculated to determine the level of 

variation between these groupings as well but only with the concatenated dataset as this 

represents more samples from Greece. Using Cyt-b sequences of several viper lineages 

we could compare species level differences with sub-species level differences and apply 

taxonomic patterns to this study’s assessments. Additionally, a haplotype network was 

constructed using the concatenated sequences through parsimony statistical analysis 

performed in TCS version 1.2 (Clement et al. 2000) with the default of 95% connectivity 

probability. 
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Divergence Time Estimation 
 To understand the effects of spatial barriers that separated clades within V. 

ammodytes in Greece I used BEAST v1.8.1 (Drummond et al. 2012) to see if there was 

any correlation between tree topology and paleogeographical events. I calibrated the most 

recent common ancestor (MRCA) with the out-group Macrovipera schweizeri using a 

fossil calibration for Macrovipera-Vipera in Europe at 23.8 million years ago (MYA; 

Syndlar and Rage 2002). Additionally, I calibrated divergence between Vipera aspis and 

the rest of the clades from V. ammodytes by running a separate analysis in BEAST using 

a dataset of Cyt-b sequences from several viperid taxa (From Genbank, see Table 4.1) in 

order to get a more accurate calibration for the V. ammodytes-V.aspis MRCA. Several 

Vipera sp. were used (i.e., V. aspis, V. berus, V. ursinii, V. latastei, among others) as well 

as representatives from the sub-families Viperinae (i.e., Daboia russelli, Montivipera 

xanthina) and Crotalinae (Crotalus atrox and Agkistrodon contortrix) (same list as Table 

4.4). Most of the calibrations in this secondary analysis were based on estimated MRCAs 

among viper lineages from previous phylogenetic studies (Wüster et al. 2008; Zinenko et 

al. 2015). I also used two in-group calibrations for divergence events among the V. 

ammodytes clades proposed in Ursenbacher et al. (2008); that of the first MRCA of all V. 

ammodytes clades (4 MYA) and the MRCA of the Cycladic clade (3.5 MYA).  

The input file was configured in the BEAUti utility included in the BEAST 

software package. The analysis ran for 8 X 107 generations with a 1000-step thinning 

from which 10% were discarded as burn-in. The model and priors applied in the analysis 

were as follows (otherwise default specifications were used): TN93 + G + I model of 

evolution, Relaxed Uncorrelated Lognormal Clock estimate, Yule process of speciation, 
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and a random starting tree. The CIPRES portal online computing service 

(www.phylo.org) was used to run BEAST. The results were then analyzed in Tracer v.1.6 

(Rambaut et al. 2014) to assess convergence and effective sample sizes (ESSs) for all the 

parameters. TreeAnnotator (part of the BEAST software package) was used to synthesize 

the trees after a burn-in of 25% to produce the final tree. FigTree v1.4.2 (Rambaut 2014) 

was used to visualize the tree and information pertaining to the nodes and branches. 

Results 

Network Analyses  
The network analysis separated each of the Greek clades as there were more than 

21 steps between these groups. The network of the ‘Southeastern’ clade was separated 

into three networks because of the maximum 21 step connectivity probability (95%): 

‘Eastern’ and ‘Southern’ sub-clades, western Turkey sub-clade (Sapanca), and ‘Asia 

Minor’ sub-clade (eastern Turkey with Armenia; sub-clade names from Ursenbacher et 

al. 2008) (Figure 4.3 a). The network between the ‘Southern’ and ‘Eastern’ clades is a 

complex one that separates haplotypes into two groups (the two sub-clades) by 11 steps 

and several reticulations among the haplotypes within each of the groups. One individual 

in each of these sub-clades is found in the other cluster where there may be an integrade 

zone (montadoni-meridionalis) evidenced by geographic disjunction of mitochondrial 

haplotypes (See Discussion). Interestingly, a single haplotype represented by one sample 

from Evia (Va035) is separated from the other samples from Evia and the entire 

‘Southern’ sub-clade by 11 steps. 

In western Greece (Epirus), the Ionian islands and Albania, the ‘Southwestern’ 

clade formed a tight cluster of haplotypes in and around the central Pindos and coastal 
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areas. A novel haplotype represented by the sole sample from the island of Ithaki is 

separated by six steps from the mainland haplotypes and by six steps from the haplotype 

of Lefada (also a single sample). Lefkada, given its close proximity to the mainland, is 

only separated by three steps from the mainland haplotype further north. A single 

haplotype represented by the two samples from Corfu (Kerkira) are separated from the 

nearby mainland haplotype by four steps. The network for the ‘Peloponnese’ clade 

depicts more diversity within the clade then previously identified and surprisingly the 

population from the Ionian island of Kephalonia is clustered with them although 

significantly diverged from the others by 12 steps (Figure 4.3 c). 

Phylogenetic Analyses  
The four monophyletic clades in Greece previously identified by Ursenbacher et 

al. (2008) were recovered in all our phylogenetic trees and had mostly strong support 

values in the NJ, ML and BI analyses (Figures 4.4 a-d, 4.5, 4.6 and 4.7). Further 

substructure within the Greek clades is identified revealing unknown diversity and 

clarifying relationships between geographical areas. The most divergent lineage in 

Greece was the ‘Southwestern clade’ (represented by individuals west of the Pindos and 

the Ionian islands, excluding Kephalonia), which was placed sister to the ‘Northwestern’ 

clade in the NJ, ML and BI trees (98/99/100 support values respectively). The 

‘Southeastern’, ‘Peloponnesian’ and the ‘Cyclades’ clades are inferred to be closely 

related in most of the trees, with the ‘Cyclades’ clade placed basal to the former two in 

the BI tree (Figure 4.7) but also in the Combined NJ tree (Figure 4.5). 

Within the ‘Southwestern’ clade there is a divergent OTU represented by samples 

from the Ionian islands of Ithaki and Lefkada that were not represented in the 
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Ursenbacher et al. 2008 study (Figures 4.1 – 4.2). Also interesting was the single sample 

from the island of Kephalonia (also not represented in previous studies) which was 

placed into the ‘Peloponnesian’ clade in the ML and BI analyses but placed into the 

‘Southeastern’ clade in all the NJ trees. The most intriguing part about this is that it is not 

grouped with the rest of the Ionian Islands in the ‘Southwestern’ clade, but placed in a 

completely different clade that diverged much earlier (see below). 

In the ‘Southeastern’ clade, substructure was found representing four sub-clades 

identified also in Ursenbacher et al. 2008. Although newly collected samples from 

Turkey and Armenia were not included in our study, samples that had never been 

analyzed from Greece further clarified the relationship and distributional boundaries 

between the ‘Southern’ and ‘Eastern’ sub-clades further. In all analyses these two sub-

clades are sister to each other and apparently share recent common ancestry. 

Divergence Time Estimations 
 The BEAST analysis revealed that the earliest divergence event among the clades 

happened as early as 9.47 MYA when the northern clades (‘Northwestern’, ‘Serbian’ and 

Montenegrin’ clades) diverged as one branch (Figure 4.8). The ‘Northwestern’ clade then 

diverged from the other two at about 8.34 MYA and the divergence between the 

‘Serbian’ and ‘Montenegrin’ clades occurred around 5.55 MYA consistent with their 

more recent common ancestry which is supported by most of the phylogenetic analyses 

presented in this study (see Figures 4.4 – 4.8). In Greece, it appears that the first 

divergence events between the ‘Southwestern’ clade and the rest of the clades occurred at 

about 8.55 MYA, followed by the divergence of the ‘Cyclades’ clade at about 7.88 MYA. 

The ‘Peloponnesian’ clade and ‘Southeastern’ clade then diverged from each other soon 
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after that at 7.29 MYA. Therefore the latter three clades split from each other within 500 

K years representing a close relationship among these geographic areas. 

 Subsequent divergent events among the sub-clades occurred between 5.97 – 4.10 

MYA in all the Greek clades. The Cyclades separate into two sub-clades (northern island 

sub-clade and central-southern island sub-clade) at about 5.33 MYA. The Kephalonia 

island lineage (sub-clade) separated from the ‘Peloponnesian’ clade at about 5.07 MYA 

and the sub-clade of Ithaki-Lefkada (in the Ionian) separated from the ‘Southwestern’ 

clade at about 4.31 MYA. The Turkish and Asia Minor sub-clades (V. a. 

transcaucasiana) diverged from the whole group at 5.97 MYA and diverged from each 

other about  4.10 MYA. The ‘Eastern’ sub-clade (V. a. montadoni) and ‘Southern’ sub-

clade (V. a. meridionalis) separated from each other about 4.8 MYA, evidence of their 

close relationship. Furthermore, a population represented by the interesting sample from 

Evia (Va035) diverged from the rest of the Greek populations about 3.6 MYA. 

Genetic Distance Analysis of mtDNA sequences 

 Pairwise distances between the main monophyletic clades ranged between 4 – 

7.5% for the Cyt-b dataset (Table 4.3 a) and 1.5 – 4% for the concatenated dataset (Table 

4.4 a). The ‘Southeastern’ and ‘Northwestern’ clades had the largest inter-clade pairwise 

distance 7.5% for Cyt-b. Within the ‘Southeastern’ clade, pairwise distances for Cyt-b 

between sub-clades were: transcaucasiana-montadoni 4.7%, transcaucasiana-

meridionalis 4.1% and meridionalis-montadoni 3% (Table 4.3 b; for the concatenated 

dataset 2%, 2.2% and 1.1% respectively; Table 4.4 b). Distances between the clades were 

similar to distances between many full species in Vipera. Distances among the 

‘Southeastern’ sub-clades (transcaucasiana - meridionalis - montadoni) were similar to 
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distances among subspecies (i.e. in the Vipera ursinii complex) or even larger than some 

inter-species distances (i.e. V. ursinii - renardi, Macrovipera lebetina - schweizeri).Other 

sub-clade distances could only be estimated based on the concatenated dataset as we were 

missing Cyt-b sequences from a few individuals (i.e. Kephalonia and some of the 

Cyclades). Within the ‘Cyclades’ clade pairwise distances between the northern and 

southern island sub-clades was 1.2%, between Kephalonia and the rest of the 

‘Peloponnese’ clade 1%, and between Ithaki-Lefkada and the rest of the ‘Southwestern’ 

clade 0.6%.  

Discussion 

Phylogenetic Relationships and Historical Biogeography 

Southwestern Clade 

Overall, my results suggest that major paleogeological and paleogeographical 

events transpired through the late Miocene and into the Pliocene, splitting the main 

lineages of nose-horned vipers across Greece during the late Miocene. In particular, the 

orogenesis (uplifting) of the Pindos Mountains and the culmination of their steep 

formation towards the late Miocene seems to have created a strong spatial barrier and 

subsequent early split between the ‘Southwestern’ clade and the other Greek clades, the 

‘Southeastern’, ‘Peloponnesian’ and ‘Cyclades’. This clade represents a distinct lineage 

of V. ammodytes that was first identified by Ursenbacher et al. (2008) and that represents 

an interesting Greek clade that appears to have a very close evolutionary relationship 

with the populations to the northwest according to our results (except for the Cyt-b NJ  

and BEAST tree where it is closer to the Greek clades). These patterns of diversification 

on either side of the Pindos rifting is also evident from recent works on the molecular 
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phylogeogeography of the grass snake where populations on either side form their own 

clades (Natrix natrix, Kindler et al. 2013). A sample from inside the Pindos Mountains 

(west of Mt. Lakmos) represents the easternmost sample of this clade and clarifies more 

about this clade’s distribution (see Figure 4.9). Further sampling throughout the valleys 

and mountains of the Pindos Mountains and using more sensitive molecular markers 

would help clarify if boundaries exist between these two clades or if there is secondary 

contact zones within this complex mountain range. 

The Pindos range is an extension of the Alpine ridge and Dinaric Alps that 

stretches from south continental Greece through the country into Albania and FYROM. 

These mountains comprise dozens of peaks above 2,000 m which during most glacial 

cycles were largely glaciated making this mountain range a harsh environment for this 

species to inhabit (Hughes et al. 2006). Vipera ammodytes currently inhabits high 

elevations in the Pindos (1,500 – 2,000) but reaches its threshold as a generalist species at 

these elevations and habitats and thus is rarely found (Mallow et al. 2003; Jelić et al. 

2012). Specialized and better adapted to the high elevation habitats in the Pindos 

Mountains is the Greek meadow viper (Vipera ursinii graeca) which is a cold tolerant 

species (Ferchaud et al. 2012). This species could have filled the ecosystem niche for a 

viperid (small terrestrial predator) during the Pindos thrusting and presented novel inter-

specific competition between V. ammodytes in these colder high elevation systems. 

Garrigues et al. (2005) notes that Eurasian viper distributions seem to be shaped by inter-

specific competition and other works have also described such patterns among Balkan 

vipers (Jelić et al. 2012). 
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Samples from the Ionian Islands were valuable in this study as Lefkada and Ithaki 

form a divergent lineage within this clade, whereas samples from Corfu do not show this 

level of divergence, and the sample from Kephalonia was grouped in with the 

‘Peloponnesian’ clade (see below). Thus the insularity of populations on Lefkada and 

Ithaki has seemingly created a distinct OTU in the Ionian and suggests that there has been 

historic insularity. Divergence time estimates suggest these island populations have 

evolved independently from the mainland conspecifics around 4.3 MYA, which is after 

the Zanclean flood (~ 1 MYA subsequent to that event) which may explain connectivity 

of these islands with the mainland even right after the Zanclean flood. Considering that 

Lefkada has had recent connectivity to the mainland, this divergence could be an artifact 

of the lack of sampling from the southern part of western Greece which is separated by 

the Amvrakikos Gulf to the region where samples were included from. Even though 

Ithaki is a mere 4 km east of Kephalonia (much closer than to Lefkada), the Kephalonia 

transorm fault may hint at a paleogeological event that separates these geographic regions 

and results in Kephalonia and Zakynthos sharing more connectivity with the Peloponnese 

than with the rest of the Ionian archipelago (Skoulis and Doutsos 2003). More samples 

from these islands and adjacent mainland could possibly resolve the phylogeographic 

patterns further but most likely they evolved separately from the mainland conspecifics 

once they became insularly isolated following the Zanclean flood. 

Southeastern Clade 

The well supported monophyletic ‘Southeastern’ clade represents samples from 

continental Greece (east of the Pindos Mountain range), Macedonia (FYROM), extreme 

southern Serbia, Bulgaria, Turkey and Armenia; encompassing regions traditionally 
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represented by V. a. meridionalis, V. a. montadoni and V. a. transcaucasiana. 

Interestingly, samples of these three subspecies are placed into at least three sub-clades 

with moderate - strong support values in the ML combined tree (77, 98 and 100 

respectively; Figure 4.6) and strong support in the BI tree (100, 100 and 100; Figure 4.7). 

Vipers from Asia Minor (V. a. transcaucasiana) make up the most basal of the 

sub-clades, and a deep divergence exists between samples from western Turkey 

(Sapanca) and those from eastern Turkey and Armenia (not a new finding as these 

sequences are from Ursenbacher et al. 2008). Divergence time estimates for this split are 

around 5.9 MYA around the beginning of the Messinian Salinity Crisis ([MSC] 5.9 – 

5.33 MYA; Garcia-Castellanos et al. 2009; Roveri et al. 2014). Due to the rarity of this 

viper and lack of specimens in collections for study, knowledge on this taxon and its 

distribution is generally lacking and further field work in potential localities would be of 

significant value to our understanding (Tomović et al. 2006; Ursenbacher et al. 2008; 

Göçmen et al. 2014). 

The relationship between the ‘Eastern’ and ‘Southern’ sub-clades is important 

because they practically represent what has been considered the subspecies V. a. 

montadoni and V. a. meridionalis, respectively. The distribution boundary between these 

geographic races has shifted through time but is mostly unclear (Tomović 2006; 

Ursenbacher et al. 2008). Additionally, this current taxonomy also has been challenged 

and V. a. montadoni has been proposed to be synonymous with V. a. meridionalis (Golay 

et al. 1993; Garrigues et al. 2005). Our results present evidence for a distribution 

boundary in a diagonal zone from around Halkidiki (Northern Greece) in the south, 

northwest to the border between Macedonia (FYROM), Bulgaria and Greece. Therefore, 
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those samples from eastern Macedonia (Greece) and Thraki should be considered as the 

subspecies montadoni and those to the west of this boundary to the Pindos Mountains, 

meridionalis. 

All the results revealed clear divergence between these two allopatric clades 

except for three specimens; one from Goumenissa near Lake Kilkis that is grouped in 

with montadoni, and one each from Lake Kerkini and from Stavroupoli that are grouped 

in with meridionalis (Figure 4.9). This suggests that there is a blend of mitochondrial 

haplotypes in this region and thus gene flow across this area from Halkidiki in the south 

to the FYROM-Greece-Bulgaria borders is likely. The estimated divergence time 

between the two sub-clades is about 4.8 MYA right after the Zanclean flood. This region 

currently has wetlands, lakes and rivers among this “intergrade zone” and during high 

sea-levels of the Pliocene this area was most likely submersed creating a barrier and then 

colonized by adjacent populations during times of low sea-level. 

The intriguing sample from Evia (Va035) appears to be a divergent OTU in all the 

analyses. The detailed locality data for this specimen (GNHM 409.2, Table 4.1) is not 

available and so exact phylogeographic inferences about this population cannot be 

accurate but remain extremely interesting. Without having exact locality data, this 

population seems to represent a very isolated population in Evia such as a unique 

mountain population or isolated valley somewhere. Alternatively it could represent an 

island off of Evia or even from the Sporades (which we do not have samples from) and 

mislabeled upon deposition. 

Overall, the results suggest there was an early expansion of the populations into 

Turkey and Armenia from northern Greece in the west (or potentially somewhere else in 
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the Aegean region since there have been landbridges) with subsequent isolation and 

diversification. A more recent isolation between populations in Bulgaria and Thraki 

(eastern northern Greece; montadoni) and populations from the rest of eastern Greece, 

Evia and Macedonia (FYROM, meridionalis), suggests a spatial barrier of sorts around 

the Zanclean flood in the area between Halkidiki/Thessaloniki and the Bulgarian-

Macedonian borders. The close relationship observed reflect the reasonable proposal of 

the synonymization of montadoni with meridionalis (Golay et al. 1993) but we believe 

the distinction of subspecific status is valid nonetheless (see below). 

Peloponnesian Clade 

 The Peloponnese is the most southern part of Greece that has been a 

known/documeted hotspot of herpetological diversity and a recognized Pleistocene 

refugium (Poulakakis et al. 2005; Gvoždík et al. 2010; Sagonas et al. 2014; Thanou et al. 

2014). A close phylogenetic relationship with the ‘Southeastern’ clade reflects the 

connectivity of the regions until detachment events during the late Miocene which 

opened the Corinthian basin and altered the connectivity at the isthmus (Papanikolaou 

and Royden 2007 and references therein). The Corinthian basin that separates the two 

geographic regions (sometimes also referred to as northern Hellenides [continental 

Greece] versus the southern Hellenides [Peloponnese]) often remained a barrier at times 

of low sea level during the Pliocene and Pleistocene as a lake where rivers flowed into 

from the surrounding mountains or even as a hypersaline basin (Kapsimalis et al. 2009). 

The diversity depicted in the haplotype network (Figure 4.3 c) and in the 

phylogenetic trees suggests that there were multiple regions of diversification in the 

Peloponnese where there were “microrefugia”. This is not surprising given the 
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reticulating mountain ranges that are scattered throughout the Peloponnese which that 

supported large glaciers during the numerous glacial cycles (Hughes et al. 2006) creating 

strong barriers to gene flow. Interestingly, the inclusion of the sample from Kephalonia 

into the Peloponnesian clade is somewhat surprising, but at the same time not, since the 

same phylogeographic relationship has also been observed in the slow worm (Anguis 

cephalonicus) which is present on Kephalonia, Ithaki, Zakynthos (Zante) and western 

Peloponnese (Gvoždík et al. 2010; Thanou et al. 2014). Why nose-horned vipers are 

apparently absent from Zakynthos (large popular island that has been herpetologically 

surveyed) is an interesting but currently unanswered question. 

My estimates of divergence between the Kephalonia insular lineage and the 

Peloponnese is around 5.07 MYA – closely following the Zanclean flood - suggesting 

that populations inhabiting Kephalonia claim Peloponnesian origins and historic 

connectivity but isolated after the catastrophic flood. The previous relationship, and 

assumingly connectivity between the Peloponnese and Kephalonia, may be explained by 

geological changes that transpired through the Kephalonia transform fault (Skourlis and 

Doutsos 2003) that effectively kept the Ithaki and Kephalonia populations separated even 

though the islands are currently separated by 4 km. 

Cycladic Clade 
 The large number of samples included from the Cyclades, in this study, allowed 

further insights into the phylogenetic relationships among the different island 

populations. Most importantly, there is a clear divergence between the northern and 

southern island populations and there are island endemic lineages that form OTUs. This 

was important to resolve as Ursenbacher et al. 2008 had only included a total of four 



Texas Tech University, Stephanos A. Roussos, May 2015 

122 

 

samples representing just four of the 15 Cycladic islands the species inhabits. This 

monophyletic lineage separated from the Peloponnesian and Southeastern common 

ancestor about 7.88 MYA in an event that must have isolated the Cyclades before the 

MSC. Right at the end of the MSC, the Zanclean flood raised the sea-level so high that it 

separated the northern and southern island lineages at 5.33 MYA putting them on 

separate evolutionary trajectories since then. More details on the phylogenetics and 

phylogeography of this monophyletic clade are provided in Chapter III. 

Taxonomic Implications 
 Based on my phylogenetic analyses, genetic pairwise distances and deep 

divergences I propose each of the seven clades (identified by Ursenbacher et al. 2008 as 

well as in this study) be elevated to species level which will all require formal 

descriptions. They would together comprise what has become recognized as the Vipera 

ammodytes species complex in the Balkans and Asia-Minor. The following species 

designations (nomen nudum) are supported by the genetics species concept (Bradley and 

Baker 2001), evolutionary species concept (Wiley et al. 1978) and the phylogenetic 

species concept (Cracraft et al. 1983) among others. Identification of morphological 

characters between these species (if present) should be investigated (also suggested in 

Ursenbacher et al. 2008), but cryptic speciation may be present in this species complex as 

the lineages have genetically evolved independently for an extended period of time but 

have to some extent kept a conservative morphotype (excluding the Cyclades). 

Genetic pairwise distances of Cyt-b between the clades and to other taxa in the 

genus Vipera suggest that these designations are valid, and monophyletic sub-clades 

within each species may represent subspecific units/taxa. The distances between the 
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clades are well within the range of acceptable genetic distances to distinguish between 

species (1.0 – 19.1% [median 6.4%]) and subspecies level (median ~ 1.0%) in 

phylogenetic works involving herpetofauna (Torstrom et al. 2014) and even between new 

species in viperid studies (Atheris matildae – Atheris ceratofora, Menegon et al. 2014). In 

the following paragraphs, we propose taxonomic considerations for the populations 

inhabiting Greece (Figure 4.9). 

 I suggest that the ‘Southeastern’ clade represent one species Vipera meridionalis 

(elevated from subspecific status V. ammodytes meridionalis [Boulenger 1913]) with 

three subspecies; the nominate form V. m. meridionalis in continental Greece east of the 

Pindos and into FYROM and extreme southern Serbia (Boulenger described the 

subspecies from a specimen from Greece with an unknown exact locality), V. m. 

montadoni in eastern Macedonia (Greece) and Thrace (Thraki), and into Bulgaria, and 

lastly V. m. transcaucasiana that is found east of the Bosporus strait in Turkey following 

the Black Sea coast into Armenia and Georgia (this taxon needing further investigation 

and potentially elevated to species level therefore we consider the taxonomy in this taxon 

tentative; see Figure 4.9). Populations in habiting the Sporades are not represented in this 

study and may present other interesting insular OTUs. Nonetheless I assume they share 

recent ancestry with the adjacent mainland conspecifics and therefore should be 

tentatively considered part of the V. m. meridionalis subspecies till further analyses have 

included samples from this archipelago. 

 I propose the ‘Southwestern’ clade named a new species Vipera epirotica that has 

a distribution west of the Pindos Mountains in Greece, the Ionian Islands (excluding 

Kephalonia) and into Albania. The sub-clade formed by Ithaki and Lefkada could 
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represent a separate subspecies but more samples are needed from these islands and 

adjacent mainland localities to confirm this designation. Morphological analyses should 

investigate potential characters that can be diagnostic for this species and used in the 

formal description. Island populations should be considered ESUs because of their 

insularity and genetic characterization. Several islands are part of the Ionian archipelago 

and large enough to support viper populations but have no records of snakes being 

collected (i.e., Paxos, Maganissi, Kalamos, Oxia). Therefore further field surveys on 

these islands should be undertaken to better understand the distribution of this taxon on 

these islands. 

 The ‘Peloponnese’ clade should represent the new species Vipera peloponnesiaca 

that is distributed across the Peloponnese peninsula. Further sampling and study of this 

species is needed to investigate the extent of genetic diversity and if morphological 

characterization can be achieved. The populations on the Ionian island of Kephalonia 

may be considered a subspecies but further sampling is needed from the island and 

adjacent Peloponnese to confirm these relationships and possibly additional diagnosable 

characters. The results of Chapter II and Chapter III corroborate our proposal to describe 

the ‘Cyclades’ clade a new species Vipera cycladica with a distribution in the Cycladic 

archipelago as the results of morphological and molecular analyses support this proposal.  
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Figure 4.1:  
Molecular phylogeography of Vipera ammodytes (from Ursenbacher et al. 2008) 
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Figure 4.2:  
Map of sampling in the present study 
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Figure 4.3 (a):  
Haplotype Network:  Southeastern sub-clades – ‘Southern’ meridionalis – ‘Eastern’ montadoni 

 

 



Texas Tech University, Stephanos A. Roussos, May 2015 

140 

 

Figure 4.3 (b):  
Haplotype Network:  Southwestern Clade 
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Figure 4.3 (c):  
Haplotype Network:  Peloponnesian Clade 
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Figure 4.3 (d):  
Haplotype Network 2:  Turkish and Asia-Minor sub-clade – “V. a. transcaucasiana” 
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Figure 4.3 (e):  
Haplotype Network:  Cyclades clade (same as Chapter 3; Figure 3.4) 
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Figure 4.4 (a):  
Individual Neighbor-Joining tree for 16S ribosomal RNA gene dataset 
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Figure 4.4 (b):  
Individual Neighbor-Joining tree for Control Region fragment 1 (CR1) 
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Figure 4.4 (c):  
Individual Neighbor-joining tree for Control Region fragment 2 (CR2) 
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Figure 4.4 (d):  
Individual Neighbor-joining tree for Cytochrome-b (Cytb) 

 

 



Texas Tech University, Stephanos A. Roussos, May 2015 

148 

 

Figure 4.5:  
Neighbor-Joining (NJ) tree for the Combined Dataset 
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Figure 4.6:  
Maximum Likelihood tree with 1000 bootstrap replicates – MEGA6 
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Figure 4.7:  
Bayesian Inference tree produced in MrBayes v3.2 

 

 



Texas Tech University, Stephanos A. Roussos, May 2015 

151 

 

Figure 4.8:  
Divergence Time Estimates for sub-clades and OTUs. Time in million years ago (MYA). – BEAST v1.8 
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Figure 4.9:  
Distributions of Newly Proposed Nose-horned Viper species in Greece and Adjacent Regions 
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Table 4.1: Samples Represented in the study 

Catalog # Type Locality Ref. # in Analyses 
LD 1006 blood W. Syros, Cyclades, Greece Va001 
LD 1007 blood S. Rinia, Cyclades, Greece Va002 
LD 1008 blood S. Rinia, Cyclades, Greece Va003 
LD 1009 blood S. Rinia, Cyclades, Greece Va004 
LD 1010 tissue  S. Evia, Greece Va005 
LD 1011 blood C. Syros, Cyclades, Greece Va006 
LD 1012 tissue  C. Syros, Cyclades, Greece Va007 
LD 1013 blood N. Syros, Cyclades, Greece Va008 
LD 1018 blood S. Evia, Greece Va009 
LD 1019 blood S. Evia, Greece Va010 
LD 1020 tissue  E. Ano Koufonissi, Cyclades, Greece Va011 
LD 1021 tissue  E. Ano Koufonissi, Cyclades, Greece Va012 
LD 1022 blood E. Ano Koufonissi, Cyclades, Greece Va013 
LD 1023 tissue  E. Ano Koufonissi, Cyclades, Greece Va014 
LD 1024 tissue  E. Ano Koufonissi, Cyclades, Greece Va015 
LD 1025 tissue  E. Ano Koufonissi, Cyclades, Greece Va016 
LD 1026 tissue  E. Ano Koufonissi, Cyclades, Greece Va017 
LD 1027 blood E. Ano Koufonissi, Cyclades, Greece Va018 
LD 1033 tissue  E. Ano Koufonissi, Cyclades, Greece Va019 
LD 1034 tissue  E. Ano Koufonissi, Cyclades, Greece Va020 
LD 1035 tissue  E. Ano Koufonissi, Cyclades, Greece Va021 
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LD 1041 skin/bone N. Iraklia, Cyclades, Greece Va022 
LD 1042 tissue  C. Iraklia, Cyclades, Greece Va023 
LD 1043 tissue  NC. Naxos, Cyclades, Greece Va024 
LD 1049 tissue  E. Paros, Cyclades, Greece Va025 
LD 1050 tissue  E. Paros, Cyclades, Greece Va026 
LD 1051 tissue  E. Paros, Cyclades, Greece Va027 
LD 1052 tissue  E. Paros, Cyclades, Greece Va028 
LD 1058 blood S. Sikinos, Cyclades, Greece Va029 
LD 1059 blood S. Sikinos, Cyclades, Greece Va030 
LD 1060 tissue  S. Sikinos, Cyclades, Greece Va031 
LD 1061 blood S. Sikinos, Cyclades, Greece Va032 

GMNH 092.1 tissue  Andros, Cyclades, Greece Va034 
GMNH 409.2 tissue  Evia, Greece Va035 
GMNH 098.1 tissue  Evia, Greece Va036 
GMNH 5038 tissue  Lake Illiki-Paralimni, Attica, Greece Va040 
GMNH 409.1 tissue  Halkidiki, Greece Va041 
GMNH 10032 tissue  Tavgetos, Peloponnese, Greece Va042 
GMNH 610.3 tissue  E. Ano Koufonissi, Cyclades, Greece Va043 
GMNH 6031 tissue  Paralimni, Attica, Greece Va044 
GMNH 5037 tissue  Lake Illiki-Paralimni, Attica, Greece Va045 
GMNH 6041 tissue  W. Tavgetos, Peloponnese, Greece Va046 

NHMC 80.3.40.6 tissue  S. Ios, Cyclades, Greece Va047 
NHMC 80.3.40.9 tissue  SW. Naxos, Cyclades, Greece Va048 
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LD1100 blood Vari, Attica, Greece LD1100Attica 
LD1101 blood SE. Paros, Cyclades, Greece LD1101Paros 
LD1114 blood SE. Paros, Cyclades, Greece LD1114Paros 
LD1115 blood E. Paros, Cyclades, Greece LD1115Paros 
LD1116 blood E. Paros, Cyclades, Greece LD1116Paros 
LD1117 blood E. Paros, Cyclades, Greece LD1117Paros 
LD1118 blood E. Paros, Cyclades, Greece LD1118Paros 
LD1120 blood S. Paros, Cyclades, Greece LD1120Paros 
LD1141 blood W. Ano Koufonissi, Cyclades, Greece LD1141AK 
LD1157 blood NE. Antiparos, Cyclades, Greece LD1157Antiparos 
LD1158 blood NE. Antiparos, Cyclades, Greece LD1158Antiparos 
LD1160 blood NE. Antiparos, Cyclades, Greece LD1160Antiparos 
LD1161 blood NE. Antiparos, Cyclades, Greece LD1161Antiparos 
LD1164 blood NE. Antiparos, Cyclades, Greece LD1164Antiparos 
LD1165 blood NE. Antiparos, Cyclades, Greece LD1165Antiparos 
LD1170 blood NE. Despotiko, Cyclades, Greece LD1170Despotiko 
LD1171 blood NE. Despotiko, Cyclades, Greece LD1171Despotiko 
LD1172 blood NE. Despotiko, Cyclades, Greece LD1172Despotiko 
LD1173 blood NE. Despotiko, Cyclades, Greece LD1173Despotiko 

GNHM612.1/LD1207 tissue Kephalonia, Ionian islands, Greece LD1207Kephalonia 
GNHM912.4/LD1206 tissue Megalopoli, Peloponnese, Greece LD1206Peloponnese 

NHMC80.3.40.2 tissue Paranesti, Macedonia/Thraki, Greece NHMC80.3.40.2Drama 
NHMC80.3.40.3 tissue Paranesti, Macedonia/Thraki, Greece NHMC80.3.40.3Drama 
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NHMC80.3.40.4 tissue Karditsa, Thessalia, Greece NHMC80.3.40.4Karditsa 
NHMC80.3.40.7 tissue Artemissio, N. Evia, Greece NHMC80.3.40.7N.Evia 

NHMC80.3.40.8 tissue 
SE. of Mt.Lakmos, Trikala, Epirus, 

Greece NHMC80.3.40.8Trikala 
NHMC80.3.40.10 tissue N. of Xerovouni, Epirus, Greece NHMC80.3.40.10Arta 
NHMC80.3.40.11 tissue W. of Mt. Tzoumerka, Epirus, Greece NHMC80.3.40.11Mt.Tzoumerka 
NHMC80.3.40.12 tissue NW. of Mt. Oympos, Greece NHMC80.3.40.12Mt.Olympos 
NHMC80.3.40.13 tissue Evros, Thraki, Greece NHMC80.3.40.13Evros 
NHMC80.3.40.14 tissue Prespa Lake, Greece NHMC80.3.40.14Prespa 
NHMC80.3.40.21 tissue N. of Kerkini lake, Macedonia, Greece NHMC80.3.40.21Kerkini 
NHMC80.3.40.22 tissue Tebloni, Corfu, Ionian islands, Greece NHMC80.3.40.22Corfu 
NHMC80.3.40.23 tissue Stavroupoli, Xanthi, Traki, Greece NHMC80.3.40.23Stavroupoli 
NHMC80.3.40.24 tissue Trikorfo, Peloponnese, Greece NHMC80.3.40.24Peloponnese 
NHMC80.3.40.25 tissue Goumenissa, Kilkis, Greece NHMC80.3.40.25Kilkis 
NHMC80.3.40.26 tissue Macedonia, Greece NHMC80.3.40.26Macedonia 

LD1500 tissue SE.Thessaloniki, Greece LD1500 
LD1501 blood S. Mykonos, Cyclades, Greece LD1501 
LD1502 blood S. Mykonos, Cyclades, Greece LD1502 
LD1503 blood W. Mykonos, Cyclades, Greece LD1503 
LD1504 blood SE. Tinos, Cyclades, Greece LD1504 
LD1505 blood SE. Tinos, Cyclades, Greece LD1505 
LD1506 blood SE. Tinos, Cyclades, Greece LD1506 
LD1507 tissue SE. Lefkada, Ionian islands, Greece LD1507 
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LD1508 tissue SE. Ithaki, Ionian islands, Greece LD1508 
LD1509 tissue NW. Peloponnese, Greece LD1509 
LD1510 tissue S. of Koronia Lake, Thessaloniki, Greece LD1510 

Ursenbacher et al.     Country 
VVM 39 sequence Vlore Albania 
VVT 1 sequence Kura valley Armenia 

VVM 17 sequence Friesach Austria 
VVM 54 sequence Friesach Austria 
VVM 89 sequence Frantschach Austria 
AM 618 sequence Vaganca Canyon Bosnia 
VVM 28 sequence Zadar Croatia 
VVM 69 sequence Krk island Croatia 
VVM 76 sequence Near Dubrovnik Croatia 
VVM 98 sequence Omis Croatia 
AM 641 sequence village Kaluger, Belogradcisko Bulgaria 
AM 642 sequence village Sadovec, Plevensko Bulgaria 
AM 646 sequence villageNadezden, Harmanlijsko Bulgaria 
VVM 37 sequence Carevo Bulgaria 
VVM 48 sequence Northern coastal area Bulgaria 
VVM 79 sequence Ahtopol Bulgaria 
AM 623 sequence Mosor Croatia 
AM 626 sequence Bokanjac - Zadar Croatia 
AM 628 sequence Zapadna Istra, Rovinj Croatia 
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VVM 97 sequence Budva Montenegro 
AM 301 sequence Mont Ossa Greece 
VVM 23 sequence Lakonia, Kardamili, Peloponnese Greece 
VVM 31 sequence Syros, Cyclades Greece 
VVM 33 sequence Naxos, Cyclades Greece 
VVM 45 sequence Prespa lake Greece 
VVM 55 sequence Halkidiki Greece 
VVM 56 sequence Ios, Cyclades Greece 
VVM 57 sequence Tinos, Cyclades Greece 
VVM 60 sequence Basin of Feneos, Peloponnese Greece 
VVM 72 sequence Nafpaktos Greece 
VVM 73 sequence near Ioannina Greece 
VVM 74 sequence Igoumenitsa Greece 
VVM 75 sequence Mt. Olympos Greece 
VVM 82 sequence Lamia Greece 
VVM 84 sequence Kiparissia, Peloponnese Greece 
VVM 85 sequence Damasi Greece 
VVM 87 sequence N. Evvia Greece 

VVM 100 sequence Ag. Varvara, Corfu Greece 
Am 101 sequence Vadena, Bolzano Italy 
VVM 20 sequence Bozen Italy 
VVM 70 sequence Friuli, Musi Italy 
AM 622 sequence Nov Dojran Macedonia 
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AM 613 sequence Village Tepca, Canyon Tare Montenegro 
AM 615 sequence Mrtvica river canyon Montenegro 
AM 602 sequence Village Brod, Crna Trava Serbia 
AM 606 sequence Lisine spring, Mt. Beljanica Serbia 
AM 609 sequence Village Brzece, Mt. Kopaonik Serbia 
AM 612 sequence Sumanska river, Medveda Serbia 
AM 616 sequence Crnovska river, Trgoviste Serbia 
AM 630 sequence Ljubljana, Javor Slovenia 
AM 631 sequence Huda luknja Slovenia 
VVM 50 sequence Sneznik Slovenia 
VVM 93 sequence Velenje Slovenia 
VVM 94 sequence Maribor Slovenia 
AM 215 sequence  Sivas village, north Zara. Turkey 
VVM 90 sequence Sapanca Turkey 
VVT 4 sequence Aralik Turkey 
VVM 1 sequence Lake Skutari Montenegro 
VVM 41 sequence Cetinje Montenegro 
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Table 4.2: Markers, Primers, Sources, Annealing temps 

 
Primer Pairs (F/R) Sequence Tm Reference 
16S rRNA 

   16A1 
 

50.7 Mayer et al. 2000 
H3056 

 
57.3 Mayer et al. 2000 

    Control Region 1 
   L16148VA 
 

55.9 Kumazawa et al. 1996 
H16551VA 

 
59.4 Kumazawa et al. 1996 

    Control Region 2 
   

L16571 
 

59.4 
Ursenbacher et al. 

2006 

H690 
 

49.9 
Ursenbacher et al. 

2006 

    Cytochrome b 
   

LS14841 
 

50.7 
Ursenbacher et al. 

2008 
HtRNA3 5'CAAGAACGGTGCTTTTAGGG3' 54 S.Roussos this study 
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Table 4.3 (a): Genetic Pairwise Distances of Cyt-b between V. ammodytes clades and other taxa in Viperidae 

 
Cyclades                                   
Southeastern 0.062                                 
Northwestern 0.061 0.075                               
Serbian 0.051 0.062 0.058                             
Southwestern 0.042 0.051 0.053 0.047                           
Peloponnesian 0.056 0.074 0.075 0.053 0.057                         
Montenegrin 0.040 0.061 0.051 0.041 0.044 0.061                       
Vipera_berus 0.110 0.109 0.106 0.100 0.097 0.128 0.079                     
Vipera_seaonei 0.131 0.122 0.123 0.110 0.102 0.136 0.103 0.058                   
Vipera_renardi 0.127 0.121 0.121 0.124 0.104 0.151 0.107 0.063 0.075                 
Vipera_ursinii 0.135 0.129 0.130 0.126 0.115 0.156 0.111 0.069 0.086 0.034               
Vipera_anatolica 0.128 0.125 0.129 0.130 0.106 0.140 0.110 0.058 0.075 0.063 0.064             
Vipera_aspis 0.150 0.147 0.145 0.141 0.145 0.159 0.147 0.102 0.134 0.106 0.110 0.120           
Vipera_latastei 0.168 0.158 0.134 0.147 0.152 0.159 0.147 0.117 0.134 0.109 0.111 0.120 0.090         
M. schweizeri 0.176 0.180 0.178 0.181 0.160 0.185 0.165 0.158 0.161 0.164 0.165 0.164 0.161 0.183       
M. lebetina 0.179 0.183 0.182 0.178 0.163 0.189 0.168 0.159 0.164 0.167 0.162 0.158 0.164 0.167 0.026     
Crotalus_atrox 0.272 0.250 0.244 0.257 0.259 0.271 0.243 0.222 0.245 0.227 0.219 0.234 0.249 0.238 0.238 0.227   
A. contortrix 0.291 0.277 0.299 0.290 0.299 0.297 0.293 0.258 0.260 0.224 0.233 0.234 0.245 0.260 0.190 0.196 0.206 
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Table 4.3 (b): Genetic Pairwise Distances of Cyt-b between V. ammodytes clades and sub-clades 

 
CS-Cyclades                                   
N-Cyclades 0.010                                 
transcaucasiana 0.059 0.057                               
meridionalis 0.061 0.062 0.041                             
montadoni 0.066 0.067 0.047 0.030                           
Peloponnesian 0.057 0.055 0.069 0.075 0.072                         
Northwestern 0.061 0.062 0.075 0.077 0.067 0.075                       
Serbian 0.052 0.049 0.060 0.062 0.064 0.053 0.058                     
Southwestern 0.042 0.040 0.051 0.051 0.051 0.057 0.053 0.047                   
Montenegrin 0.040 0.044 0.060 0.061 0.064 0.061 0.051 0.041 0.044                 
Vipera_berus 0.110 0.107 0.109 0.108 0.114 0.128 0.106 0.100 0.097 0.079               
Vipera_lotievi 0.113 0.111 0.110 0.112 0.117 0.131 0.110 0.102 0.098 0.082 0.006             
Vipera_seaonei 0.131 0.128 0.129 0.123 0.112 0.136 0.123 0.110 0.102 0.103 0.058 0.058           
Vipera_renardi 0.127 0.125 0.124 0.120 0.126 0.151 0.121 0.124 0.104 0.107 0.063 0.063 0.075         
Vipera_ursinii 0.132 0.135 0.130 0.129 0.133 0.154 0.125 0.127 0.115 0.111 0.066 0.064 0.087 0.026       
Vursiniigraeca 0.138 0.151 0.134 0.127 0.131 0.159 0.140 0.126 0.115 0.112 0.077 0.075 0.085 0.048 0.045     
Vipera_anatolica 0.128 0.131 0.127 0.125 0.120 0.140 0.129 0.130 0.106 0.110 0.058 0.058 0.075 0.063 0.064 0.065   
Vipera_aspis 0.150 0.151 0.148 0.149 0.137 0.159 0.145 0.141 0.145 0.147 0.102 0.104 0.134 0.106 0.106 0.117 0.120 
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Table 4.4 (a): Genetic Pairwise Distances of the concatenated data set between V. ammodytes clades and outgroups 

 
cycladica                 
meridionalis 0.039               
peloponnesiaca 0.030 0.034             
epiroticus 0.030 0.038 0.028           
serbian 0.031 0.040 0.028 0.025         
montenegrin 0.031 0.040 0.030 0.025 0.015       
ammodytes 0.031 0.035 0.029 0.016 0.021 0.026     
Vaspis 0.090 0.086 0.093 0.078 0.084 0.085 0.081   
Mschweizeri 0.134 0.139 0.143 0.124 0.129 0.126 0.128 0.119 
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Table 4.4 (b): Genetic Pairwise Distances of the concatenated data set between V. ammodytes sub-clades, clades and outgroups 

 
c.cycladica                           
c.tinensis 0.012                         
m.transcaucasiana 0.035 0.043                       
m.meridionalis 0.037 0.045 0.022                     
m.montadoni 0.039 0.043 0.020 0.011                   
Kephalonia 0.031 0.040 0.032 0.027 0.030                 
peloponnesiaca 0.028 0.034 0.035 0.034 0.035 0.010               
Ithaki-Lefkada 0.030 0.034 0.038 0.040 0.039 0.029 0.028             
epiroticus 0.029 0.033 0.035 0.038 0.036 0.028 0.028 0.006           
serbian_sp 0.030 0.034 0.038 0.040 0.041 0.030 0.028 0.027 0.025         
montenegrin_sp 0.029 0.036 0.038 0.040 0.042 0.029 0.030 0.026 0.025 0.015       
ammodytes 0.030 0.033 0.036 0.034 0.035 0.030 0.029 0.018 0.016 0.021 0.026     
Vaspis 0.091 0.089 0.093 0.084 0.089 0.090 0.093 0.080 0.078 0.084 0.085 0.081   
Mschweizeri 0.137 0.126 0.135 0.140 0.137 0.149 0.142 0.126 0.123 0.129 0.126 0.128 0.119 
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CHAPTER V:  
CONCLUSIONS 

Vipera ammodytes Species Complex 
 The connotation of a species complex embodies the idea that several closely 

related taxa form a species complex because of monophyly but significant 

diversification. Often, species complexes may have been regarded as a single species 

according to minimal data or a lack of resolution in morphological investigations. 

Regularly, phylogenetic and phylogeographic studies will uncover diversity 

previously undetermined by morphological analyses and describe new species within 

these species complexes in what is often termed cryptic speciation. A species complex 

may also describe a group of closely related taxa where distributional boundaries are 

often unclear or vague. The diversity among V. ammodytes in the Balkans is a good 

example of a species complex that radiated in the late Miocene and further diversified 

through the Quaternary and whose members share a conservative phenotype that has 

been under study for a century (Boulenger 1913; Tomović et al. 2006). 

The V. ammodytes species complex most likely has its origins in the western 

Balkans, probably in a region between Albania and Croatia, where lineages began to 

diverge in the face of massive topological changes in the landscape. Climatic 

fluctuations and sea-level changes further diversified this group into various refugia. 

Spatial barriers isolated the different species to varying degrees (i.e., insularity by 

water and the Pindos thrust likely being the strongest effects) that have set each 

species on a distinct evolutionary trajectory. By focusing on the insular populations of 

the Cyclades this series of studies was able to investigate evolutionary changes in the 
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most isolated lineage of the species complex, while placing it into the context of the 

bigger picture of Greece’s paleogeographic complexity. 

Evolution of the Cycladic Nose-horned Viper 
 These 15 insular populations share a story that is unique to the Cyclades and 

as evidenced in their DNA. They have had to survive catastrophic events and drastic 

climate changes while also having to adapt to insular communities, challenging for 

most all terrestrial vertebrates. Chapter II examines the morphology of these insular 

populations revealing that they exhibit insular dwarfism across the archipelago, and to 

greater extents on smaller islands, presumably a direct response to the limited prey 

resources. Furthermore, aside from dwarfism, meristic and morphometric 

characteristics distinguish these populations from their mainland conspecifics in 

Greece and the rest of the Balkans to degrees larger than those between other 

recognized viperid subspecies. 

Moreover, comprehensive sampling across the Cyclades and phylogenetic 

analyses presented in Chapter III reveal that these populations are the result of a 

radiation of lineages characterized by exhibiting substantial diversity across the 

archipelago that sometimes even extends to island endemic lineages. We learned that 

the Cyclades were most likely isolated from continental Greece during the late 

Miocene and that the Zanclean flood isolated the populations on two insular clusters 

(one in the north and one in the south) for the majority of the next five million years. 

During the Pliocene and Pleistocene these populations were further fragmented and 

isolated due to a eustatic sea-level which repeatedly connected and fragmented these 



Texas Tech University, Stephanos A. Roussos, May 2015 

167 

 

populations spurring the island endemic lineages (i.e., Andros and Sikinos) to evolve 

separately through time. 

Combined, Chapters II and III provide compelling genetic and morphological 

evidence to recognize the Cycladic populations as a separate species from the 

continental forms and be assigned their own species level nomenclature. Subspecific 

status for these populations would not reflect the evolutionary history and magnitude 

of differentiation between currently recognized subspecies (i.e., V. a. meridionalis, V. 

a. montadoni and V. a. transcaucasiana). Thus the story of these populations is one of 

isolation, continuous adaptation or extinction, surviving floods on mountain tops, and 

lineages sorting. 

Phylogeography and Taxonomy of the Nose-horned Vipers in Greece 
Chapter IV is an expansion of previous work in order to further characterize 

and understand the genetic diversity within the four molecular clades of nose-horned 

vipers identified in Greece and to elucidate their phylogeographic patterns. Several 

unresolved relationships are presented in this study and help achieve a better 

taxonomic resolution for the V. ammodytes species complex. The four monophyletic 

clades identified by Ursenbacher et al. (2008) were confirmed in my analyses and 

their distribution boundaries in Greece refined with the aid of a more comprehensive 

sampling. In this chapter I proposed that these four clades either be elevated from 

subspecies to species status or need formal new species descriptions (Vipera 

meridionalis, Vipera cycladica, Vipera peloponnesiaca and Vipera epiroticus). These 

were based on the genetic distance estimates, phylogenetic analyses, geographic 

isolation, and in the case of the V. cycladica a thorough morphological analyses, that 
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fall well within species designation criteria of recent herpetofaunal taxonomy works 

(Torstrom et al. 2014 and references therein). 

In my dissertation I also show that the Ionian Island viper populations, despite 

their relatively young age, have an interesting biogeographic history of their own. As 

the populations of Corfu, Lefkada and Ithaki are related to those of western Greece 

(V. epiroticus), those of nearby Kephalonia are instead more closely related to those 

of the Peloponnese (V. peloponnessiaca). While this may appear counterintuitive, it 

dovetails closely with well known, and currently submerged, ridges connecting the 

former islands with W. mainland Greece, and Kephalonia with the Peloponnese. The 

Ionian island populations also appear to have diverged from their mainland 

conspecifics soon after the Zanclean flood and could constitute a separate subspecies 

(or Evolutionary Significant Unit [ESU]). 

I was also able to identify a region in northern Greece from Halkidiki north to 

the Bulgarian-Macedonian (FYROM) borders that seems to form a spatial barrier 

between the subspecies/forms (V. meridionalis montadoni and V. meridionalis 

meridionalis), and it also appears likely that there is a region of integrades between 

the two. I could not achieve any better resolution on the taxonomic status of V. a. 

transcaucasiana (or from our results Vipera meridionalis transcaucasiana) on 

whether or not this taxon should be considered a subspecies or elevated to full species 

status, as I did not have any newly collected samples to add to the findings 

Ursenbacher et al. (2008). 
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Further Directions 
As presented for the Cycladic lineage (Chapter II), morphological analysis of a 

large sample sizes (> 50 adults) representing each of these four unique lineages in 

Greece should be undertaken to examine whether morphological characters agree with 

the species designations proposed here. Ecological Niche Modeling (ENM) should 

also be done to see if environmental conditions of these localities differ which will tell 

us more about their ecological requirements as well as a deeper understanding and 

appreciation of their evolutionary history in the region. These ENMs may also allow 

us to interpret whether potential threats by climate change exist for the island 

populations. 

Further study into the barrier zones/integrades should be undertaken in three 

areas: the Pindos Mountains (between western ‘V. epiroticus’ and eastern ‘V. 

meridionalis’ lineages), the area around Halkidiki (between ‘montadoni’ and 

‘meridionalis’ subspecies) and the European part of Turkey and around the Sea of 

Marmara (between ‘montadoni’ and ‘transcaucasiana’). Using more highly variable 

markers (e.g., microsatellites or genomic methods) and ecological studies, the 

population dynamics of the nose-horned vipers in this region would be interesting to 

investigate. Much more research and study should focus on the Turkish and Asia 

Minor lineages as there is considerably more “unknown” about these populations than 

there is “known”. The overall distribution of the taxon is very important to establish 

first (and new locality records such as Göçmen et al. 2014 are helping to provide this 

information) and then samples from throughout the distribution should be analyzed 

genetically. 
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 Further study in the Ionian archipelago may try to determine the entire 

distribution among the islands and analyze their morphology to see if insular 

dwarfism is exhibited among any of these island populations. Individuals from Corfu 

are known to get quite large but the possibility of different morphological phenotypes 

existing through these islands is possible. Additionally, nose-horned vipers from the 

Sporades should be studied as no analytical studies have ever included specimens or 

samples from this isolated archipelago in the northwestern Aegean Sea about Evia. 

Anecdotal observations and limited data have been reported from here (Cattaneo 

2010) and suggest the existence of a unique “eco-morph”, but realistically very few 

specimens have been analyzed. Data from nose-horned vipers of the Sporades and 

Ionian islands can be compared to those from the Cyclades to study different aspects 

of insular evolution. 

Even though the majority of the diversity in the V. ammodytes species 

complex exists in Greece, three other separate lineages have been identified through 

the northern and central Balkans. Morphological analyses between these localities 

may help identify differences not observed before and provide the means to a more 

accurate revision of the taxonomy of these lineages in the northern portions of the 

range. Pursuing these studies will resolve many, if not most of the taxonomic issues 

characteristic of this species complex in the Balkans. 

 The ‘next-gen’ genomic revolution also provides an opportunity where 

complex systems like this one can be examined further and teased apart more finely 

through the analysis of genome sized genetic data. As mitochondrial DNA markers 

are maternally biased, normally inherited as a “single suite of characters” and are 

therefore becoming less popular, using genomic methodology to investigate 
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relationships and evolutionary history in this species complex could reveal new 

insights. More intriguing from an evolutionary perspective would be to use such 

techniques to explore the population dynamics in the “interesting” areas of the species 

complex (i.e., islands, mountain ridges, intergrade zones) to test various evolutionary 

hypotheses that can use this as a model system. 
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